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ABSTRACT

The taxonomy and evolution of Xanthorrhoea are investigated using
phenetic and cladistic techniques in addition to a traditional

taxonomic revision, Phenetic numerical and statistical techniques are
used to investigate variability and poorly defined taxonomic

boundaries in xanthorrhoeas growing in Queensland. The taxonomic
uncertainty is resolved by recognition of a new species and clearing-
up nomenclatural confusion. Intergradation and presumed

hybridisation between a number of species on Quaternary sand deposits
from Myall Lakes National Park in New South Wales to Beerwah in
Queensland is analyzed using phenetic numerical classification and
ordination techniques. The results are compared with measurements of
a number of environmental factors. It is concluded that the data is
consistent with a restricted distribution of intergradation due to
hybridism and introgression between species along gradual ecoclines on
the Quaternary sands. No evidence was found for hybridisation on
other substrates. Phylogenetic relationships of species and of the
genus are investigated by cladistic numerical analysis using PAUP and
MacClade. The postulated phylogeny is used to examine the
biogeography of the genus with a cladistic biogeographic
interpretation. These results are drawn together, with the

traditional morphological assessment of herbarium material, in a
taxonomic revision of the genus, which also includes nomenclatural
notes on the naming of the genus and a discussion of possible
biological causes for some of the perceived taxonomic difficulty of

the genus. Future research directions are suggested.
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CHAPTER 1

INTRODUCTION



1.1 INTRODUCTION

1.1.1 Aims

The original impetus for this study arose out of observations of
Xanthorrhoea during University of Queensland undergraduate excursions
to wallum areas in south-east Queensland where the genus is a
prominent camponent of the vegetation. On those excursions it was
generally accepted that xanthorrhceas were easy to identify to genus,
but difficult to identify to species. The botanists in charge of the
relevant courses, primarily Professor Trevor Clifford and Dr Red.
Rogers, pointed-out the difficulties involved in identification and
the apparent blurring together of species, as well as mentioning the

work of Iee (1966 a and b).

These coments and observations led to the undertaking of an Honours
degree at that University to investigate the taxonomy of Xanthorrhoea

in south-east Queensland and northern New South Wales (Bedford, 1975).

That study revealed that much of the confusion concerning the
identification of species in the area studied could be eliminated by

careful observation and taxonomic technique.

However, even in the area studied in south-east Queensland there were
sane doubts left as to the range of variation seen in some taxa. These
particularly involved what is now known as X. fulva, which had
inflorescences ranging in total length fram 20 am to 2.5 m, and what
was identified as X. johnsonii, where leaf dimensions and shape varied

from 1 mm wide by 1 mm thick to 3 mm wide by 2 mm thick, and same



plants had scapes longer than spikes whilst others had spikes longer
than scapes, which was not acceptable in other taxa. As well as these

factors it appeared that in some sites the two taxa intergrade.

In addition lee’'s published comments (locs cit., and discussed in more
detail below) arocused my interest, as did her comments in
correspondence (1973) to the effect that it was likely that X.

johnsonii contained more than cne taxon.

With field trips further afield (North Queensland, south into New
South Wales and to Tasmania) the range of variation observed in the
genus seamed to increase, with much difficulty in assigning specimens
to the few described taxa, except in the Sydney region which had been
intensively studied by Lee (locs cit.). Overall the perception gained
from the wallum areas -- that it was easy to identify to genus but not

to species level -- seamed to apply to the whole genus.

This research therefore began with the aim of clarifying the taxonomy
of Xanthorrhoea through a study of variability within the genus,
attempts to find additional reliable characters to aid identification
and classification and a study of the evolutionary relationships of

the species.

1.1.2 Background information - impediments to a natural

classification

The paucity of good characters with which to distinguish taxa within
Xanthorrhoea is one of the major difficulties in the way of taxonamic

study within the genus. Lee (1966 a) found few characters she believed



constant enough to be useful to diagnose the differences between taxa.
She commented on "the problem of discovering any positive diagnostic
characters, a difficulty which arcse from the fundamental uniformity
of the flowering and vegetative parts and led to eventual reliance on

indicative rather than absolute differences".

Whilst in previous studies I have found enough reasonably reliable
characters, which if used in cambination, do effectively distinguish
the majority of taxa (Bedford 1975 and 1986 a and b), Iee’s comments
remain valid. There is an essential uniformity of characteristics for
all species. In general, only small differences, many of them
relative dimensions rather than absolute character changes, differ

from taxon to taxon.

In terms of the number of characters recamended by Davis and Heywood
(1965) and Sneath and Sckal (1973) for a satisfactory examination
using phenetic methods, the number of "absolute difference" characters

available in Xanthorrhoea fall far below their guidelines.

Various other impediments to the natural classification of the genus
have been proposed -- primary amongst these was the "putative"
hybridism (Iee, 1966 a and b; Johnson, Pers. cam., 1978). In
particular Iee camented that nearly all species in New South Wales
lacked discreteness "One by one the ‘species’ were seen to lose their
discreteness until only X. macronema maintained its discreteness to

the degree usually acceptable in a species” (Lee, 1966 a).

Iee (1966 a) also suggested other impediments to classification. She

noted that the intergradation between species "so camonly met with



in the genus appears to be partly due to inherent variation correlated
with distribution, ...". Which appears to suggest clinal variation.
In addition Lee cammented that "certain phenotypes often show a strong
correlation with soil or cther habitat characters" amnd speculated
whether the correlation is due to habitat preferences or environmental

plasticity.

Same aspects of the group’s biology also cause same difficulties. For
example, flowering though strictly seasonal, is irregular and

flowering or fruiting material is required for critical determination.

The latter problem is, however, alleviated by the fact that, for many
species of Xanthorrhoea, flowering is more cammon in the next
flowering season after fire (e.g. Rogers, 1975; Gill and Inwerson,

1978), thus occasionally providing a wealth of specimens for analysis.

Another impediment to a traditional classification is that, because
Xanthorrhoea specimens are bulky, they have been under represented in
herbarium collections in the past. Also, collectors have been uneven
in their selection of which parts to collect and in their
documentation of specimen dimensions, which means that many specimens

are of little use.

1.1.3 Structure of the thesis

This thesis consists of four lines of research intc the taxonomy of
Xanthorrhoea, each line is contained in a separate chapter, though
they are all, to same extent, interdependent and therefore cross-

referenced. Chapters 2 and 3 use the same research approach (phenetic



numerical classification and analysis) to two different situations
which involve fundamental problems that had been identified as
inhibiting the natural classification of the genus (ILee 1966 a and b).
Both studies involve the considerable intraspecific morphological
variation which has inhibited a clear understanding of the taxonamy of
the group. In addition Chapter 2 examines the possibility of
interspecific hybridisation to determine whether this might be an
important feature of the genus which would affect its phylogeny and
classification. Chapter 5 is a traditional revision and
classification of the genus using, primarily, morphological
characters, based on the experience of examining the variation of
particular species in the preceding chapters. Chapter 5 is an

analysis of the phylogenetic relationships of Xanthorrhoea species but

also involves an ancillary and introductory examination of the

phylogenetic relationships of Xanthorrhoea at the generic level.

Taken together these studies represent a conmprehensive examination of

the genus and provide a good basis for its classification.

Preliminary studies

A number of other approaches to the classification of the group were
originally considered and preliminary studies prepared, as it was
believed that the relatively small mmber of morphological characters
might prove inadequate for realistic taxonomic conclusions to be

drawn. These approaches were:

1/. Giemsa banding of chromosames;



2/. Analysis of the flavonoid constituents of the leaves for
chamotaxonomy (as per the studies of Mabry et al., 1970, Williams,

1975, leach and Whiffen, 1978, Giannasa, 1978, etc.), and;

3/. Analysis of the chemicals of the resins for chemotaxonomy

(Duewell, 1954, 1965, 1968, in press.).

The first two approaches were followed for same time, but for
technical reasons failed to produce useful characters, as discussed

below.

1/. Chramsare ¢ banding with giamsa stain aims to reveal the patterns
of heterochramatin and euchromatin banding (e.g. Vosa and Marchi,
1972; Schweizer, 1973 and 1974; Hadlaczky and Belea, 1975; Thomas,
1977 etc.). Same results were cbtained, but this technique proved
most unreliable on this material and, after repeated attempts and
expert consultation (N. Darvey, pers. cam. 1979) the technique was
abandoned since it was not providing consistent results. Essentially,
the small size of Xanthorrhoea chromosames and the unreliability of

achieving banding made the approach inefficient.

2/. The second technique attempted was an analysis of the flavonoid
constituents of leaves. Williams (1975) had included Xanthorrhoea
leaves in a sampling of flavonoids in Monocotyledonous plants, and it
was therefore hoped that these chemicals might be an aid to
classification. The situation chosen to test the usefulness was
however, an unfortunate one (Giamnasa, 1981). Leaf extracts of 40
plants from Myall Lakes believed to be involved in a hybrid swarm were

made and initially prepared as two dimensional paper chramatographs



using the techniques described in Mabry et al. (1970). As the large
numbers of flavonoid campounds presented a confusing picture a
sequence of single direction strip runs in a range of solvents was
made to select out campournds for a clearer view (Quinn pers.com.,
1979). However the resultant separations, coded as multi-state
characters ard analyzed using the CSIRO TAXON package did not clarify

the situation.

The most probable reasons for the lack of success of this technique
are: A. The technique was not sufficiently accurate to separate the
numerous compounds present; B. The camplexity of flavonoid
interactions within an introgressive population is such that the
result may not be clear cut (Giannasa, 1981). The analyses
presented in Chapter 2 (Myall Iakes) show that the population there
involves two taxa with their intermediates and probable backcrosses.
In this situation Giannasa (loc. cxt) has indicated numerous pattems
may arise including reversions ard extensions of chemical pathways
giving new campounds for the group ocoupled with additive or
non-additive mixes of flavonoids. Same evidence for this possibility
was the occasional occurrence of a yellow-fluorescing campound which
appeared to be a new campound for the group as it was not seen in the

majority of cases.

Whilst the camplexity of interaction of the great number of phenolic
campourkds present in Xanthorrhoea wh.Lch are extracted along with the
flavonoids by the techniques of Mabry et al. (1970) meant that
apparently random results were produced in the analyses attempted, it
is possible that this technique would have been of use for the

identification of good, discrete taxa. However, such groups do not



require extra characters to be distinguishable. In addition the
chamotaxonomic work of Duewell (1954 and in press) and Bedford and
Duewell (in prep.), using the resins, which are partially flavonoid,
offer more promise than the flavonoid analyses as per Mabry et al

(1970).

3/. Chemotaxonomic work using Xanthorrhoea resins, as discussed
above, is continuing. Duewell (1954, and in press) contends that the
resins can be used to distinquish species. However, this assertion
neads to be tested on a wider range of taxa before it can ke trusted
too far (Duewell and Bedford, in prep.). That is, this line of

research shows promise, but has not yet care to fruition.
1.1.4 Conclusions from preliminary studies

At the same time that the above attempts were proving unsuccessful in
providing additional characters, approaches using numerical and
traditional classification techniques on, primarily, morphological
characters were producing clear results which correlated well with
intuitive classifications. Therefore these approaches were pursued
rather than the altematives above, and are detailed in chapters 2-5

below.
1.2 Literature survey

The taxonamic literature on Xanthorrhoea is relatively sparse. The
early discovery of Australia resulted in an initial flurry of activity
in the late 18th Century, with illustrations and descriptions of the

genus in accounts of the voyages, (e.g. Banks - Parkinson prepared an



illustration now titled X. resinosa, plate 334, for Banks circa 1788,

but this was not published until the production of Banks Florilegium

1979-1988; Phillip, 1789; white, 1790}, and in the (mltiple) naming
of the genus and type species (Kite 1795 a and b, Dryander 1797,
Smith, 1798, Persoon 1805, Nelson and Bedford, in press, Nelson, in

press).

This was followed in the early 19th century by the inaugural work
towards an understanding of the genus by Brown, who described six

additional species (X. arborea, X. australis, X. bracteata, X. media,

X. minor, and X. pumilio) (Brown 1810). The family Xanthorrhoeaceae
was named by Dumortier in 1829. There was no further concerted,
canprehensive treatment of the genus until that undertaken by ILee
during the 1960's (1966 a and b). During the remainder of the 19th
century the main taxonamic work on the genus (apart from the flora
treatments noted below) was the gradual increase in the number of
species described as more of the Australian continent was discovered
arnd settled. Workers during this period included Endlicher who

describad three species (X. brunonis, X. gracilis and X. preissii) in

Lehmann’s Plantae Preissianae (1846), Harvey who described X.

drummondii (1855), and Mueller who described five species (X. pecoris,

X. quadranqulata, X. semiplana, X. tateana (1864), X. macronema (ex

Bentham, 1878)), and Tate, who described one species, X. thorntonii

(1896).

This century the main workers of note have been Herbert, in Western
Australia, who described three species during the 1920's: X. reflexa

(1920) X. brevistyla (1921 a) and X. nana (1921 b); Cleland, who

investigated the South Australian populations (1965 a and b), and; Lee
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(1966 a and b) who prepared a comprehensive revision of the genus in
New South Wales and prepared the ground for future work including the

present study.

The most recent taxonomic treatment has been by Bedford, with

preliminary studies in 1975, the description of X. acanthostachya in

1985, and a camplete revision of the genus and Australia-wide flora
treatment in 1986 (an up to date version of which is included here).
Namenclatural studies at the generic level have also recently been

undertaken by Nelson and Bedford (in press).

Floras

The most mmercus taxonomic works including reference to Xanthorrhoea
are the various flora treatments for the whole or particular regions
of Australia. The majority of these treatments naturally are based on
previously published works (or the author or editor’s interpretation
of same) rather than a taxonamic assessment of the group by the
relevant authors, and therefore do not add significantly to an
understanding of the classification of the genus, although those
included which have been published since 1985 are based on the
taxonomic revision included in Bedford (1986 a). Indeed many of the
earlier treatments are misleading because of numerous nomenclatural
and taxonamic inaccuracies concerning Xanthorrhoea. They are included

here solely for the sake of campleteness.

Cl1%th Flora Treatments

The major relevant flora treatment during the 19th century was

11



Bentham’s Flora Australiense (1878) which drew primarily upon the

expertise of Mueller and the published treatment of the genus by Brown
(loc.cit.), rather than breaking new grourd, as is common for such
treatments.

Other C19th floras with reference to the genus include:

Hooker, (1860), The botany of the Antarctic vovage... Part IIT Flora

Tasmaniae. Vol. II.

Moore and Betche, (1893), Handbook of the flora of New South Wales.

C20th Flora Treatments

Bailey, (1902, The Queensland Flora.

Beadle, (1987), Students Flora of North-eastern New South Wales. Pt 6.

Beadle, Evans and Carolin, (1982), Flora of the Sydney Region.

Black, (1960), Flora of South Australia. 195-196.

Blackall and Grieve, (1974), How to know Western Australian

Wildflowers.

Burbidge and Gray, (1970), Flora of the Australian Capital Territory:

107.

George, (BEd.), (1986), Flora of Australia 46: 148-169.

Jessop, (Ed.), (1981), Flora of Central Australia: 424.

Jessop and Toelken, (Eds), (1987). Flora of Scuth Australia.

Marchant et al., (Eds), (1987), Flora of the Perth Region.

Willis, (19700, A handbook to plants in Victoria. 2nd Bdn, Vol. 1.
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Other publications on Xanthorrhoea

In addition to the above there have been a number of studies
specifically on, or including camments on, other aspects of
Xanthorrhoea biology which are not directly relevant, or only
partially relevant, to the present study. Same of these papers

are:

Anatcmy and Morphology: Fahn (1954); Waterhouse (1967); Staff (1968,
1970, 1974, 1975, 1976); Staff and Waterhouse (1981); Stebbins and

Kush, (1961).

Biosystematics: Flavonoid patterns in leaves, Williams (1975); Resins,

Duewell (in press).

Chramosames: Darlington and Wylie, 1955; Briggs, 1966; Waterhouse,

1967; Keighery, 1984.

Ecology: Many ecological studies have included information on
Xanthorrhoea biology, especially those dealing with the sand areas
along the east coast where the genus is a praminent member of the
flora (e.g. Specht, 1957 a; Rayson, 1957; Specht and Rayson, 1957 a
and b: Specht, Rayson and Jackman, 1958; Coaldrake, 1961; Rogers,

1975; Clifford and Specht, 1976; Myerscough and Carolin, 1986).

Economic aspects and human uses of Xanthorrhoea discussed in the
literature include: control of their growth (Anon, 1951); the uses
made of the plants by people, e.g. Kite (1795), Maiden (1889 ard

1894); species involved in stock poisoning, e.g. Cleland (1914),
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Bedford (1986 a).

Growth and longevity: Investigators of growth, growth rates and
flowering cycles in the genus have included Clelard (1913) on the rate
of growth of the flowering spike, Lewis (1955), who extrapolated the
age of the plants from the number of leaves produced by a seedling
(and in doing so did not realise that the rate of leaf production of
an adult plant was 100-200 times greater), Staff (1970; 1976) on rate
of growth of shoots and inflorescences respectively, Gill and Inwerson
(1976) on flowering in relation to fire and growth rate, Lamont and
Downs (1979) on longevity, flowering and fire history, and B}low—-Olsen

et al. (1982) on growth and flowering history.

Resin: Xanthorrhoea have unique resins, and the formation and chemical
nature of these have been studied by Maiden (1889 and 1894), Schober
{1896), Osborne (1916), Birch and Hextall (1955), Duewell (1954; 1965;

1968; in press) and Duewell and Haig (1968).

Other, more peripheral, studies include:

Entawlogy of Xanthorrhoea: Froggatt (18%6); Cammon (1963).

Microfungal associations: Sivanesan and Sutton (1985).

Xanthorrhoea resins have been used commercially as a
source of picric acid, and as a substitute for shellac,

but were not economically viable for either use (Maiden,
1894).

14



CHAPTER 2
ANALYSIS OF POPULATIONS
OF XANTHORRHOEA IN QUEENSLAND

USING PHENETIC AND STATISTICAL
NUMERICAL TECHNIQUES



2.1 Introduction

It is difficult to distinguish between the three taxa X. johnsonii
Iee, X. latifolia (Iee) Bedford and X. pumilio R.Br. in Queensland.
Iee has suggested that the name X. johnsonii might represent more than
one taxon (Lee 1966 a and b, and pers. cam. 1973) and Bedford has
canmented that the relationship between the three taxa needs

clarification (Bedford 1986 a).

Indeed the types themselves present same difficulties. X. pmilio was
described by Robert Brown in 1810. The type specimen was collected by
him in 1802 fram Port Curtis, near Gladstone Queensland. The specimen
is quite depauperate, with very short, sharply recurved leaves, and a
small spike. Froam the speciren the plant appears to have been far
fram healthy, and therefore it may not have been the "nommal” habit
and size for its taxon. X. latifolia was described by Lee in 1966 (as
X. media subsp. latifolia) (loc. cit.). The type specimen was
collected by E.F. Constable in 1962 from a plant growing under a Pinus
elliottii plantation at Beerwah, Queensland (E.F. Constable, pers.
camn, 1982). The plants in the population from which the type was
collected were smaller in trunk height than usual for mature examples
of the species in natural conditions, but are within the range of
variation described for the species by Bedford (1986 a). X.

johnsonii was described by Lee, also in 1966 (a). The type specimen

was collected by L. Johnson in 1962 from the sole roadside population |

between Dimbulah and Petford, Queensland (L. Johnson, pers. comm.
1976). The specimen is of the usual size and dimensions for plants in

its vicinity, but is much smaller than many plants throughout N.S5.W.
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and Queensland, (especially the large populations in south-eastern

Queensland) which are presently identified as this taxon.

Orthodox taxonamic methods have, up to the present time, failed to
resolve the problems raised by these species. The analyses presented
here are an attenpt to investigate the status of, and if possible, to
delimit any taxa in this complex using a combination of techniques of
cluster analysis, ordination and discriminant analysis. The nawencla-

tural status of the groups/taxa which are produced is assessed.

Characters used (Table 2.1)

Fifteen morphological characters were measured for each specimen,
except for those which had save missing data. The characters were
chosen with reference to the morphological features described as

varying between taxa by Lee (1966 a and b), and Bedford (1986 a).

Collections

Specimens for this study were collected on two field trips through
Queensland in two successive years (Map, Figure 2.1, and list,
Appendix 2.1). An attenpt was made to sample both those areas for
which previous collections were recorded in the literature and to
search hitherto uncollected areas. Most populations were found in the
coastal ard coastal hinterland areas. A total of 78 specimens were
available for analysis, 52 specimens collected specifically for this
exercise, all fram north of Maryborcugh, and 26 collections made

primarily for other studies, from south-east Queensland (Figure 2.1).
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Table 2.1 Characters used in the analyses

Numeric characters:

. Leaf width v mr

. Scape length vmem

. Scape diameter v mm

. Spike length inem

. Spike diameter \n mm

Ratio of spike length divided by scape length
Trunk height incen

1OV R L DN

Disordered multistate characters:

1. Leaf shape wn T.S. Sta
quadrate-rhanbic
narrowly quadrate-rharbic
obtrullate to obtrianqular
concave

pwmr—*s

2. Ieaf colour

green
glaucous

b

3. Prominence of cluster bracts
absent (not prominent) 1
shortly acute (Jjust visible) 2
base of spike only 3
to 10 an fram base 4
full length of spike (100%) 5

4, Juvenile cluster bracts
absent.
shortly acute

linear-trianqular

5. Spikesbract colour/texture at flowering
white to cream
green
brown
light brown velvet
dark brown velvet

W N =

Lok L DO =

6. Scape colour
glaucous
green

7. bract shape
obtuse
shortly acute
acute

8. Bract indumentum
glabrous
short black hairs
tomentose
fringed
densely hirsute

Wb [

(S, P S ]
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Figure 2.1 Specimen collection locations map

. Collection sites
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Wherever possible multiple specimens were collected fram each
population to represent the range of variation, however often only one
flowering or fruiting specimen was available. In that case an attempt
was made to re-sample the pcopulation on the secord trip. Thus same
populations are represented by samples fram two years, and such

specimens are marked with an * in the list in Appendix 2.1.

To provide known reference points for the classification, and thus
assist in deciding the namenclatural status of any groupings produced,
the collections included specimens from the type localities of X.
johnsonii and X. latifolia. Unfortunately the collection of
specimens fram the type locality of X. pumilio was not possible
because of uncertainty in Brown's annotation as to the exact site.
However, specimen munbers 3 and 7 were considered part of this taxon
by Bedford (1986 a) (collection nmumbers 76-09, 41.7 km N of

Townsville, and 76-12, 35 kn S of Bowen respectively).

Due to practical constraints collecting was limited to areas

accessible by road or 4 wheel drive track.

Analyses

Two suites of computer programs have been used to classify
ard analyze the data. The first suite is the TAXON Library of
programs fram the CSIRO Division of Computing Research as

set out in the Taxon User's Manual Edition P4 (Ross et. al.,
1986). The secord suite of programs were chosen fram the

Statistical Package for the Social Sciences (SPSS} as run on the



University of Sydney Cyber camputer during 1987, and as set

out in the second edition of the SPSS Manual (Nie et al.,

1975) and the SPSS Update 7-9 (Hull and Nie, 1981). The basic
features and characteristics of the programs selected from these

suites are set out below under their respective headings.
CSIRONET TAXON Library

The programs for classification and ordination available fram this

library were selected for a number of reasons.

(a) A phenetic rather than a phyletic (cladistic) classification
systam was necessary since in my analyses the operational taxonomic
units (as defined by Sockal and Sneath, 1963) are individual specimens.
Therefore the underlying assumptions of a cladistic classification,
such as that the OI'U’s be separated by genetic barriers, can not be

met in these analyses.

(b) An ordination was also used because hierarchical classifications
can be poor representations of the phenetic relationships found in
nature. Far better representations of real situations are often
obtained by summarizing the data in an ordination of as few as three
dimensions (Sneath and Sckal 1973). Such a situwation would arise if
there were one or more multivariate clines in the data instead of
clusters.

(c) The programs had important practical advantages as they:

(1) all used the same data format;

(2} could deal with the largest analyses likely to arise;
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(3) were proven programs operating reliably;

(4) could be run in a multiple—cperation on the same data deck at the
same time, and;

(4) were accampanied by diagnostic programs to help interpret the

results from the analyses.

Both a classification and an ordination were carried cut on all sets
of data analyzed. The classification approach presupposes that the
data is discontinuous whilst the ordinaticn approach presupposes
either that the data is continuous (Dale et al 1979) orx, in the view
of Clifford and Stephenson (1975), makes no assumptions about the
existence or otherwise of groupings amongst the entities. Thus it
would be expected that the classifications would be the most
informative (the "best" resolution") where groupings or clusters
exist, and that the ordinations would be the most informative analysis
if there are no separate clusters, i.e. the data are ordered but
continuous, such as in a mitivariate (taxonomic) or univariate cline
(possibly responding to a single environmental gradient). I applied
both approaches because the structure of the data was not known. In
such situations Sneath and Sckal (1973) considered it essential that
both ordination and classification be run to examine the structure of

a data set.
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i. Programs used:

Classification (MSED + SAHN}.

An agglomerative polythetic classification using the squared euclidean
distance dissimilarity measure (MSED), and two clustering algorithms
(in SAHN):

(a) Unweighted Pair Group, also known as Group Average (UPG);

(b)Y Incremental Sum of Squares (ISS).

Ordination (PCQA)

(c) In addition a Principal Co-ordinate Analysis ordination using the

same MSED dissimilarity matrix was carried-out for each data set.

Diagnostic programs GSTAT, GOOM and CRAMER and BACRIV were run to help

explain and quantify the results of the above programs.

Programs GSTAT, GCOM and CRAMER are used after a classification to
investigate the relationships between groups, and the attributes on
which those groups are based. They assist with the interpretation of
the results by giving details of the groups and indicating which
attributes were important in the formation of the hierarchy. BACRIV
is used after an ordination to interpret the axes in terms of the

original attributes.
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Program Descriptions

MSED (Matrix generation using Standardized (squared) Euclidean
Distance) and SAHN (Sequential Agglamerative Hierarchical Non-
overlapping clustering program) provide an agglamerative polythetic
classification system with a choice of clustering algorithm. The
strategies for dealing with mixed data/character types developed by
Ilance and Williams (1967) and Burr (1968) to include ordered and
disordered maltistates and numeric data in the one dissimilarity
matrix are incorporated in both programs. Both programs are based on

the work of Lance and Williams (1966) (Ross et. al., loc. cit.).

Sokal (1986) discusses procedures for "the computation of a resemb-
lance matrix for each pair of OTU's". He notes that for continuous or
ordered multistate characters "one can campute taxonomic distances or
Manhattan distances", and that the former are preferred "where we wish
to focus attention on the gestalt of the organisms, i.e. linear
carhinations of characters". However Sckal goes on to say that "all
distances measures are unduly influenced by the size of the organisms
being compared" and therefore recamrends the use of "cosine

coefficients of shape".

For Xanthorrhoea intuitive classification indicates that size as well
as shape differences are important in the taxonomic groupings (e.g.
Badford, 1986 a). It is therefore valid to use a metric of taxonamic
distance which reflects both shape and size such as Fuclidean metric
(Euclidean distance squared). Previous experience also indicated that

this metric effectively reflected observed taxonamic differences
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(Bedford, 1975).

Clustering strategies

(a) The UPG (Unweighted Pair Group) Group Average clustering technique
was chosen because of its neutral clustering behaviour ("space
conserving” in the terminology of Lance and Williams 1967 a). As this
technique is one of the least likely to force clusters onto a group it
should give a realistic indication whether or not there are discon-
tinuities within the data (Dale et. al., 1979, Clifford and
Stephenson, 1975). Sokal (loc. cit.) comments that UPG clustering is
both the most commonly used approach, and frequently gives
classifications that are regarded as satisfactory by traditional
taxonamists. He also notes that UPG results are more stable and have
a higher predictive value (are more likely to accurately predict the
distribution of other characters not included in the classification)

than other clustering algorithms studied by him.

(b) The ISS (Incremental Sum of Squares) clustering technique was
chosen because it is an intensely clustering technique ("space
dilating", Lance and Williams 1967 a) which "artificially sharpens”
groups (Dale et. al., 1979). This technique is useful where the data
is relatively continuous as it separates out any centres of
discontinuity as discrete groups and segregates entities with weak
relationships as non conformist groups (Clifford and Stephenson,
1975). Conceptually this can be very useful as long as the
group-size—dependance characteristic is recognized ard taken into

account.



Both classificatory algorithms were used on the full data sets to
campare their different effects to test the r.stability of any groups
fourd. It also provided an intuitive guide to how well structured the
data set was, in that major changes in the camposition of.gnmps
between the results of the two algoritims could indicate that
discontinuities found by the classifications were artifacts of the

classificatory process.

SAHN produces a table of entity and group fusion levels, ocutput to a
printer or plotter for a dendrogram (by DENDRO), and the camposition
of groups, (if such are specified) as well as output of the

inter-element dissimilarity matrix for use by following programs.

GSTAT (Group STATistics) gives group sumary statistics for each group
- a table of the scores on muiltistate characters, and of minima,

maxima, ranges and standard deviations for numeric characters.

GCM (Group OMposition) shows which characters make up 50% of the
difference between (in the case of the present cawarisons of three-
main groups): (a.) the "most distinct" group and the other two groups

cambined and; (b.) the remining two groups treated separately.

Because the program does not always choose the same group as being the
"most distinct" the resulting comparisons are not always of the same
pairs of groups and are therefore not directly camparable between
runs. Whilst this lack of true pair-wise cawparison of groups, and
variable choice of combinations of groups, makes direct camparison of

results difficult it is still possible to get an indication of group
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camparisons by a careful examination of the results presented.

CRAMER (Cramer statistic, Cramer, 1946) lists each character in the
order of its power to discriminate between groups, along with its
CREMER value and other statistics. The program uses the Cramer
statistic as implemented by Lance and Williams (1977). Although an F
value is also included for each character, a message "caution F test
invalid" warms the user that it is not statistically valid-to use an F
test on attributes that have been used in the classification because
the classification process has altered the statistical distribution of
the characters such that they no longer meet the requirements

urderlying the F test (D. Ross, pers. comm. 1987).

(c) PCOA (Principal Co-Ordinate Analysis) operates on an inter-
element dissimilarity matrix, as described by Gower (1966, 1967). As
this ordination operates on the same dissimilarity matrix as MSED +
SHHN it can be run sequentially with those pr_ograms This simplifies
the system both practically and also theoretically as it reduces or
eliminates sources of variability due to that part of the analytical
technique. PCOA results are output as two dimensional plots by

PTPLOT.

The PCOA ordination is the same for each MSED matrix (i.e. there are
only three matrices used here, two full data set analyses, (one with
52 individuals and one with 78 individuals) and one reduced data set
(subset of 39 individuals out of the full data set) and is therefore
presented once only for each data set, after the last classification
in each set with lines marked as per the groupings produced by each

different classification to show more clearly how each classification
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relates to the relevant ordination.

BACRIV (BAck CoRrelation of Individuals on Vectors) is used to aid in
the interpretation of the results produced by PCOA. BACRIV's cutput
consists of a table for each vector. The table lists attributes
sorted in order of their absolute correlation with the vector. That
is, it lists which attributes have been important in the formation of
each of the vectors, and the level of their contribution to that
vector. It also gives the mubker of individuals on which this is
based (in case of missing data) (Ross et. al., 1986). BACRIV results
given here are lists of the correlations of characters and character
states with the first three principal co-ordinates, which helps to
explain the placing of groups and individuwals along the co-ordinates
in terms of their characteristics. Because BACRIV is calculated fram
PCOA, which uses the MSED matrix rather than the SAHN algorithm, it
produces the same result independent of the classification algorithm.
BACRIV results are therefore presented once only for each of the 3

data sets, with the UPG analyses.

Statistical Package for the Social Sciences (SPSS) Library

Statistical programs for further data analysis were selected fram the
SPSS library (Release 9), because of their ready availability and
proven performance. In addition these programs were able to accept
data input in a similar form to that required by TAXON, which reduced
the need for data re-formatting and therefore the risk of simple data

errors.
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The only statistical analytical procedures chosen for further data
analysis were discriminant analysis and classification. These were
used to provide information about the groups produced by the clas-
sifications, both in terms of (i) how well the groups can be dis-
criminated, and (ii) which characters best showed any differences

between the groups.

The discriminant analyses and classifications therefore provided

assistance in assessing the TAXON classification both in terms of how
recognizable the groups formed by the classifications are, and how the
characters which best discriminate between the groups compare with the

characters used in intuitive classification.

ii. Program used:

SPSS "subprogram” DISCRIMINANT was used for discriminant analyses and
classifications. DISCRIMINANT does not accept disordered multistates
data (it accepts only numeric or ordered multistate data) and this

must be remembered in assessing the results.

DISCRIMINANT performs discriminant analysis either by entering all
discriminating variables directly into the analysis or through a
variety of "stepwise" methods selecting the "best" set of
discriminating variables. The so called “"stepwise" method was chosen
here to identify differences between the characters as discriminating
variables. The method chosen for the "stepwise" addition was METHOD =
RAD, which uses Rao’'s V, a generalised distance measure. Variables

are selected on the basis of whichever contributes the largest
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increase in Rao’s V when added to the previous variables. This method
provides the greatest possible separation of the groups, and is

therefore the most powerful available (Klecka, 1975).

Klecka (loc. cit.) writes that discriminant analysis provides a means
of statistically distinguishing between predetermined groups. That is
to discriminate between the groups in the sense of being able to tell
them apart. The mathematical objective of discriminant analysis is to
weight and linearly combine the discriminating variables in a way that
the groups are forced to be as statistically distinct as possible i.e.

- the discriminant functions are formed in such a way as to maximize the

separation of the groups.

To distinguish between the groups the researcher selects a collection
of variables characteristics on which the groups are expected to
differ. Usually no single variabl-taI will perfectly differentiate
between one group and another. By taking several variables and mathe-
matically combining them, we would hope to find a single dimension or
axis [discriminant functionl on which one group is clustered at one
end of the axis and the other group at the other end of the axis.

The two implementations of this technique are analysis and

classification.

The analysis aspects of this technique provide several tools for the
interpretation of data. Among these are statistical tests for
measuring the success with which the discriminating variables actually

discriminate when cambined into the discriminant functions.
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The use of discriminant analysis as a classification technique caves
after the initial camputation. One can use classification in testing
the adequacy of the derived discriminant functions. By classifying
the cases used to determine the functions in the first place and
camparing predicted group membership with actual group membership, one
can empirically measure the success in discrimination by cbserving the

proportion of correct classifications.

The higher the proportion of correctly classified cases the better the
discriminant function discriminates between the groups. It is
important to note that the discriminant classification does not
provide a classification in the same way that TAXON does, but is only

a test of the functions ocutput by discriminant analysis.

If the discriminant function is formed fram the more readily
recognizable of the characters in the analysis, and the discriminant
classification shows a high proportion of the entities as being
correctly classified, then this could be interpreted as providing sare

ampirical support to the relevant TAXON classification.

By examining which characters provide the best discrimination between
groups it is also possible to gain an empirical camparison between

classifications in terms of how recognizable the groups are.

The reasons why characters are not selected for inclusion in the
DISCRIMINANT functions are not specified in the SPSS manual (Nie et
al., 1975; Hull ard Nie, 1981). There appear to be three possible

reasons for non selection: (a) The character contains little or no
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information, for example because it is often missing or is randomly
distributed among the groups etc.;

(b) the character contains little or no additional information because
it is strongly correlated with a character already included in the
discriminant function, or;

(c) the character contains information contra indicative to the pre-

determined groupings.

Other Statistical Procedures Considered

Standardization of the data for the analyses was considered. Sokal
(1986) notes "Measurements or continuous characters must be scaled to
avoid biasing the results by size factors.” He continues "Scaling
characters alters the resulting correlation or tasonamic distance
matrixes between OTU’s. It should always be undertaken, although the
method of scaling -- whether by standardization or ranging -- seems to

make very little difference in the results."

Trials were run of both raw data standardized only by the innate
standardization of the euclidean distance algorithm, and of data
separately standardized (by TAXON program DOV (Data ConVersion) to
zero mean and unit variance. Sokal’s statement that the methed of
scaling did not affect the results was supported, as analyses on raw

data give exactly the same result as those on DCV standardized data.

It is clear that the MSED algorithm's squaring of the euclidean
with results

distance measure provides adequate standardization, fequivalent/to the

specially developed standardization in the DCV program.
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Results printed in the same form as the raw data have a number of
important advantages, such as conceptual sinplicity and a reduced
chance of error because of the ease of cross checking of the results
by examination or statistical evaluation of tabulations of data of the
canponent entities of each group. As program DCV produces results in
the form of standardized data, with the disadvantages alluded to
above, it was not used further. Therefore only the raw data results

are considered here.
RESULITS

Three sets of analyses were carvied cut, as discussed below. Northern
Queensland data only (2.2) and north and south Queensland data (2.3)
used multiple analyses of the data set to test the robustness and
stability of the groups generated by the classifications. The
multiple analyses involved MSED + SAH‘N using the two "clustering al-
gorithms described, POOA arnd a discriminant analysis and classifica-
tion using DISCRIMINANT. The third set of analyses, Group g (2.4)
used a subset of the data to examine intermal dissimilarity in group
B, one of the three groups produced by the full data set analyses. It

involved MSED + SAHN, and the relevant diagnostic programs.
Data sets

The northern Queenslard data set (52 entity, "NQ52") and the Group g
set (39 entity) are subsets of the full north and south Queenslard

data set (78 entity, "NQ78") (Appendix 2.2)

So that the reader can judge the validity of the
conclusions, appropriately numbered tables are provided to
give the complete results for each analysis. Each set of
results is summarised in the discussion in the relevant
sections of the text.
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2.2 Northern Queensland data (52 entities).

The first set of analyses used the 52 specimens collected from
Queensland north of Maryborough.

2.3 North and south Queensland data (78 entities).

After an examination of the above analysis it was decided to extend
the geographic range and number of individuals in the data set and
analyses in an attempt to test the stability of the classification.
The data set was therefore expanded to include 26 collections from
south-east Queensland, including specimens of known identification as
X. latifolia and examples of the large populations of plants known as

X. johnsonii in south-east Queensland, (a total of 78 specimens).

2.4 Group g8 (39 entity data set).

The third set of analyses was on the group of individuals classified
into the largest group by the first set of analyses using the UEG
clustering algorithm on the Northern Queensland data (52 entities).
The NQ52 UPG dendrogram shows Group g to have two major and some minor
subdivisions. This analysis was undertaken to examine the causes of

these internal divisions.

This analysis was necessary because of the possibility that
there may be very dissimilar individuals included in the
larger matrices. Such inclusions could have distorted the
dissimilarity matrices sufficiently to hide smaller but
still significant discontinuities in the data. The removal
of the most dissimilar individuals from the matrix by
selecting this 39 entity subset should reveal the structure
of the data set more accurately.
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2.2 Northern Queensland data set (52 entity) analyses.
2.2.1 TAXON SAHN Classification, UPG clustering strategy.

The dendrogram produced by this technique (Figure 2.2) shows three
groups by the 1.0 dissimilarity level (SAHN dissimilarity levels are
given in Appendix 2.3):
GP B WITH 39 MEMBERS - 1-3 5-12 15-21 23-26 31-33 35-39

41-42 44-46 48-49 51-52
Gp 6 WITH 9 MEMBERS - 13 14 22 27-28 40 43 47 50

GP Q WITH 4 MEMBERS - 4 29 30 34

The groups are of very unequal size, though the levels of internal
dissimilarity are more or less equivalent in all groups. The groups
contain same elements of known taxa or have elements similar in
general appearance to known taxa. GP 8 contains plant';s fram the type
locality of . X. johnsonii in north Queensland, as well as the majority
of the specimens in the analysis. The two smaller groups represent
easily recognizable and distinctive growth forms. GP & are robust
plants with trunks, which are similar in appearance to plants
identified as X. johnsonii in south-east Queensland. GP Q are plants

from north Queensland similar in appearance to the X, latifolia from

south-east Queensland.
This grouping irndicates that there are three distinct groups in the

classification. Most individuals in the classification are placed in

the one group, and may therefore be presumed to be similar to each
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Figure 2.2 UPG Classification Dendrogram, Northem Queensland
data set (52 entities).

GP 2 shown B8

GP 6 shown O

GP 2 shown Q
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other, althaugh the dendrogram shows that there are internal divisions

into two subgroups arkd one singleton within the group.

Notable levels of dissimilarity in the dendrogram are: Three distinct
groups are formed at the .9302 dissimilarity level; the first two
groups to join together are GPs 8 and & which Jjoin at the 1.3593
level:; GP Q then joins with those groups at the overall dissimilarity

level of 1.6420.

Diagnostic Programs

The statistics for the three Groups indicate that two of the three are

variable in many or most characters (Table 2.2).

GP 8
Variable in most characters.

Disordered multistate characters: Leaf shape shows considerable

variation with every possible shape represented; proninence of
cluster bracts is alsc more variable than expected for one taxon
in camparison to accepted variation in published classifications

of the genus (Lee 1966 a and b, Bedford, 1986 a).

Numeric characters: Almost all characters are very variable, with

wide ranges and high standard deviations, the latter as high as

over 1/2 of the mean in the case of spike length.
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Table 2.2 GSTAT, UPG Classification Groups, Northern Queensland data

set (52 entities).
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(A detailed analysis of the internal variation in this group is
given section 2.4).
Gp @

More uniform than GP B but still with considerable variation in

the numeric characters.

Disordered multistate characters: All characters uniform or with
consistent cawbinations of characters (e.g. prominent cluster

bracts vary from slightly to very prauninent).

Numeric characters: Reasonably uniform, except for the

considerable variation in spike length and spike length : scape
length ratio (in the latter the standard deviation is almost 1/3

of the mean).

GP O

The smallest and most uniform of the groups.

Disordered multistate characters: All characters are uniform.

Mmeric characters: All characters are satisfactorily unifomrm,

though the ranges of scape length, spike diameter and spike length

reflect considerable variation.




G0M, UPG C(lassification Groups, Northern OQueensland data set (52

entities).

Table 2.3 reveals that leaf characters and, to a lesser extent, spike
diameter make-up 50% of the difference between GP Q and GPs g+0
canbined:

GP @ has broad, (mean 3.67 mmn) narrowly quadrate-rhombic T.S. leaf
shape and thicker spikes (mean 32 mm) than average for the other two
GPs 8 + 6 carbined which have narrower leaves (mean 2.00 mm) of a

range of shapes and narrower spikes (mean 23.5 mm).

The characters separating GP g8 fran GP 8 are spike to scape length
ratio, trunk height and scape diameter:

GP 8 have a much shorter spike than scape whereas GP @ have spikes
approximately the same lengths as scapes (mean values .30 and .92
respectively); GP g has shorter trunks than GP 6 (mean trunk heights
12 can and 85 am respectively); GP g has thinner scapes than GP 6

(means of 9.64 mm and 15.33 mm respectively). (Table 2.3).

CRAMER, UPG C(Classification Groups, HNorthermn Queensland data set (52

entities) (Table 2.4).

The list of characters in order of their ability to distinguish
between groups as indicated by CRAMER is:

1/. Trunk height, Cramer value .8508

2/. Spike length : scape length ratic, Cramer value .7812

3/. Spike diameter, Cramer value .7421

4/. Scape diameter, Cramer value .7401
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Table 2.3 GCOM, UPG Classification Groups, Northern Queensland data
gset (52 entities).

¥kt CONPARISON NO. 1

#etx GROUP A =GP 0

k43t GROUP B =GP B + GP O

T0TAL CONTRIBUTION TOWARDS THE FUSION OF GROUP A WITH GROUP B = 5.8813

GROUP A GROUP B
§ MEMBERS 48 MENBERS CONTRIBUTION
ATTRIBUTE NAMR ! ATTRIBUTE B0, ! ATTRIBUTE MNO. ! X ! X ! ACTUAL !
(STATE) ! EEAN PRESENT!  NBAN  PRESENT! ({CON)! VALUE ¢
---------------------------- et el e Rl R R
! ! ! ! ! !
FNUN 1 LEAF WIDTH f36T.500 40t 200,728 48 Y 25! 2D Y 1.46 !
! ! ! ! ! H
DKUL 1 LEAF SHAPE ! {! 8 Y MY o os !
ST. 1 QUADRATE-REOMBIC ! 000 ! N 14 ! ! ! !
§T. 2 NARROWLY-Q-R ' 1.000 ! » 280 ! ' ! !
ST. 3 OBTRULLOOBTRIANG ! 000 ! 083 ! ¢ ! !
5T. 4 CONCAVE ! 000 ! 042 ! ! ! !
! ! ! ! ! !
FHUN § SPIKE DIAMETER ! 2.000 4 ! 23,89 47 ! 13t 2l M !
' ! 1 t ! 1
6 ATTRIBUTES MADE NO CONTRIBUTION.
$465  COKPARISON KO, 2
t345 GROUP A =GP §
$i¢5 GROUP B = 6P O
TOTAL CONTRIBUTION TOWARDS THE FUSION OF GROUP A WITH GROUP B = $.16i6
GROUP A GROUP B :
39 MEMBRES 9 MENBERS CORTRIBUTION
ATTRIBUTE KAKE ! ATTRIBGTE WO, ! ATTRIBUTE M0. ! % ! % ! ACTOAL !
{STATE} ! MBAN  PRESENT!  MEAN  PRESENT! 1{COM)! VALBE !
---------------------------- i B e R e
! ! ! ! ! !
FNUN $P/SC RATIO ! 0.2 8 ! 92,222 9 ! a2t ar! .ot t
FKUN 7 TRUNE HEIGHT ! i2.282 3% ! B5.856 9 ! AU #4! 2.0 !
FRUX 3 SCAPE DIAMETER ! 96,410 3¢ ¢ 153,333 9 ! 13+ 81! L2 t
1 ! ! {

1 |
H :
...........................................................................................

5 ATTRIBUTES MADE KOG CONTRIBUTION.




42

Table 2.4 CRAMER, UPG Classification Groups, Northem Queensland data

set (52 entities).



Table 2.4 CRAKER, UPO Classification Groups, Northers Queszalund data aet (52 entities).
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5/. Spike length, Cramer value .6818

6/. Leaf width, Cramer value .6633

7/. Praminence of cluster bracts, Cramer value .5836

The least Iimportant character listed, prominence of cluster bracts,
shows that the GP 8 contains variation in this character in excess of

that accepted elsewhere in the genus by Bedford (1986 a).

2.2.1.2 DISCRIMINANT ANALYSIS AND CLASSIFICATION, TAXON UPG

Classification Groups, Northern Queensland data set (52 entities).

Analysis

Six characters were selected for inclusion in the two discriminant
functions before the addition to Rao’s V became non significant (Table
2.5). That is, the analysis selected the linear cambination of the
six characters listed below as being able to discriminate between the
groups established by the TAXON NQ52 UPG classification. Scape
diameter was the one character not selected. The order of selection
of discriminating attributes in the "stepwise" analysis was:

1/. Trunk height

2/. Spike diameter

3/. Leaf width

4/. Scape lergth

5/. Spike length : scape length ratio

6/. Spike length

Trunk height was by far the most important discriminator between

groups, with a change in Rao’s V over twice that of the next most



Table 2.5 DISCRIMINANT Analysis NQ52 UPG Groups

SUNKARY TABLE

ACTION VARS  WILKS CHANGE
STEP ENTERED IN  LAMBDA  SIG. RAODSS ¥ Iy sIa.
1 TRUEHT I .217940 0000 124.6993 124.6993 0
¢ SPIERD 2 .197706 .0000 185.4682 60,7690 0000
3 LBAFW 3 113876 L0000 241.3510 §5.8827  .0000
§ SCAPEL 4 .094099 .0000 282,915 41.5658  .0000
§ SPSCRAT 5 078804 0000 303,2127 20.2963  .0000
6 SPIKEL 6 .062128 .0000 334.,198¢ 30.9862  .0000




important character (Table 2.5). This carbination of discriminating
characters is only partly similar to the cawbination of (numeric)

characters used in the traditional classification of Xanthorrhoea e.q.

by Bedford (1986 a). In that classification trunk height is
important, but is treated with care as it changes with age (in those
species with trunks), and spike diameter is recorded but little used

as a distinquishing character.

The use of a different set of diagnostic characters to that used in
traditional classification could be expected to give the result that
groups well defined on this set of characters would not be camparable
to groups proposed elsewhere in the genus by traditional classifica-
tion. This does not appear to be the case, since, as mentioned above,
the groups oontain elements of described taxa and of other consistent
groupings. This suggests that the order of selection of characters,
and their naminal discriminating value, as indicated by differences in
changes in Rao’s V, have less importance than the actual combination
of characters. The colum in Table 2.5 labelled SIG{significance]
supports this hypothesis as all characters are shown as being
significantly different between groups. The fact that there are
differences between the characters used in this numerical
classification and a traditicnal classification may, in any case, be
beneficial as traditional taxonomic methods have failed to establish

clear groupings in this complex.

The order and combination of characters chosen by DISCRIMINANT is
different to the order chosen by CRAMER, most probably reflecting the

different algorithms, as CRAMER is based on the Euclidean distance
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matrix and DISCRIMINANT is based on an overall similarity measure.
Also the CRAMER analyses includes both continuous numeric characters
and disordered multistate characters, whereas the discriminant

analysis includes only the numerics.

Classification

The discriminant classification finds that the discriminant functions
derived from the above six characters correctly classify 98.04% of the
52 entities (Table 2.6). The plot of the entities against the two
discriminant functions (Figure 2.3) shows that the three groups are
reasonably discrete, even though GPs g ard 8 have considerable spread,
and one member of GP 8 (2) is regarded as being misclassified because
it is closer to an outlying member of GP Q@ (3) than it is to its own
group. These results indicate that the discriminant analysis has been
highly successful in identifying an adequate cambination of
discriminating variables, and that the TAXON 52 UPG classification’s
groupings are well supported by the numeric characters in the
analysis. This suggests that the three groups are valid groupings of

the entities.
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Table 2.6 DISCRIMINANT Classification Results NO52 UPG Groups

NO. COF PREDICTED GROUP MEMBERSHIP

ACTUAL, GROUP CASES 1 2 3
GROUP B 38 38 0 0
100.0 0 0

GROUP 8 9 0 8 1
0 88.9 11.1

GROUP Q 4 0 0 4
0 0 100.0

PERCENT OF GROUPED CASES CORRECTLY CIASSIFIED - 98.04

CLASSTFICATTION PROCESSING SUMMARY
52 CASES WERE PRCCESSED.
1 CASE HAD ONE MISSING DISCRIMINATING VARIABLE.
51 CASES WERE USED FOR PRINTED OUTPUT.
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2.2.2.1 Northern Queensland data set (52 entities),

TAXON SAHN Classification, ISS Clustering strateqy

This classification produces three groups by the 5.0 dissimilarity
level (Figure 2.4, SAHN dissimilarity lewvels are given in Appendix
2.4):

GP B WITH 25 MEMBERS - 1-3 5-12 15-19 32 33 37 44-46 48 49 52

GP 6 WITH 11 MEMBERS - 13 14 22 27-28 38-40 43 47 50

GP Q WITH 16 MEMBERS - 4 20 21 23-26 29-31 34-36 41 42 51

The three groups contain sets of individuals in common with the UPG
clustering technique, but GPs 9 and @ have been enlarged at the
expense of GP g. This, and the fact that the levels of dissimilarity
in the dendrogram are considerably higher than in the UPG analysis,
are characteristic of the this algorithm, that is they are probably a
by-product of the "group size dependency" characteristic described by
Clifford and Stephenson (1975).

Dissimilarity levels are: There are three distinct groups at the
4.7452 level; the first two groups to join together are GP g and GP Q
which join at the 8.8490 level; GP @ joins with those groups at the

overall dissimilarity level of 10.3645.
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Figure 2.4 ISS Classification Dendrogram, Northern Queensland
data set (52 entities).

GP B shown g

GP 0 shown 6

GP Q shown Q
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Diagnostic Programs

GSTAT, 1ISS Classification groups, Northern Queensland data set (52

entities)

The statistics for the three groups indicate that although GP g has
slightly reduced included variation the other two groups have
significantly increased variability (Table 2.7). Owverall the three
groups are now unsatisfactorily variable relative to satisfactorily

circumscribed taxa elsewhere in the genus (e.g. in Bedford, 1986 aj.

GP B
Variable in most characters, though more uniform than the

UPG grouping.

Disordered multistate characters: Leaf shape is less variable than

in the UPG analyses. However 3 of the 4 possible shapes are still
represented, though the majority of the members are the one state
(quadrate rhambic). Cluster bract characters are also less

variable, c.f. the UPG analyses.

Nuneric characters: A very similar situation to the UPG grouping,

with almost all characters variable, wide ranges and high standard

deviations.

GP 6

More variable than in the UPG analysis, but a more uniform group

than GP g above.
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Table 2.7 GSTAT, ISS Classification groups, Northern Queensland data

set (52 entities).
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Disordered mltistate characters: All characters are uniform or

with consistent combinations of characters.

NMumreric characters: The addition of two mambers to the URG

grouping has considerably extended the range and standard

deviaticn figures for all characters except leaf width and scape
length.

GP Q

The greatly increased membership of this group (from 4 to 16
members) relative to the UPG grouping has caused a large and

taxonamically significant increase in the included variation.

Disordered multistate characters: Uniform except for the cluster

bract characters which vary from bracts absent to present at the
base of the spike only. such a canbination has been recorded as
valid in some taxa elsewhere in the genus, but would not be valid

for certain taxa.

Mureric characters: All characters are now significantly more

variable than in the UPG classification, mainly due to lower
minimum figures for most characters. This has caused large

increases in the range ard standard deviation figures.

GCM, 1SS C(Classification groups, Northern Queensland data set (52

entities)

The characters best separating GP 6 from GPs g + Q canbined are spike

length : scape length ratio, trunk height, cluster bracts and leaf

53



shape (Table 2.8). GPs g and Q are separated by leaf shape alone.

GP @ has spike length : scape length raﬁio mich closer to 1:1 than do
GPs g + Q canbined (.84 c.f. .30), taller trunk (approximate figures
71 an ard 19 an respectively), much more praminent cluster bracts and
uniformly quadrate-rhombic leaf shape campared to the range of leaf
shapes seen in GPs B8 + Q cambined. GP @ is uniform in having narrowly
quadrate-rhambic leaf shape whereas GP g includes members with all

leaf shapes except narrowly quadrate-rhambic.

CRAMFR List of characters in order of their ability to distinguish
between groups (Table 2.9):

1/. Spike length : scape length ratio, Cramer value .7577

2/. 1leaf shape, Cramer value .7376

3/. Praninence of cluster bracts, Cramer value .7152

4/. Trunk height, Cramer value .6205

5/. Prominence of juvenile cluster bracts, Cramer value .6068

The least important character listed, prominence of juvenile cluster
bracts, shows that the GP 8 contains variation in this character in

excess of that accepted elsewhere in the genus by Bedford (loc. cit.).

2.2.2.2 DISCRIMINANT Analysis and classification, TAXON ISS

Classification groups, Northern Queensland data set (52 entities}.
Analysis

Five characters were selected before the addition to Rao‘s V became

non significant (Table 2.10). That is, the analysis selected the
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Table 2.8 GCOM, ISS Classification groups, Northern Queensland data
get (52 entities).
$t3%  COMPARISON HO. | (TOTAL CONTRIBUTION TOWARDS THE PUSION OF GROUP A WITH GROUP B = 8.6877)

#44 GROUP A = GP 0
#4855 GROUP B = GP B+ GP 0

GROUP 4 GROUP B
11 MRYBRRS 41 HEMBERS CONTRIBUTION

ATTRIBUTE NAKR t ATTRIBUTE KO. ! ATTRIBUTE NO. ! % ! % ! ACTUAL !
(STATR) I NRAN PRBSENT!  NRAN  PRESENT!  !(CUM}! VALUR !
............................ | [PPSR PRI USRpR RS PIVSSPRY PSS, R |
PNU¥ 6 SP/SC RATIO ! B4.636 11 ! 30.683 41 t 21t 21! 1.8 !
FNUS T TRUNK HRIGET  t  70.909 11 ' I8.756 41 f 14! 3§ '

1 1 ! 1 1 i
DNUL 3 CLUSTER BRACTS ! 1o 01130 48 L
ST. 1 ABSENT ' 000 ! 531 oot f
ST, 2 SHOBTLY ACUTE ! 000 ! A1 oo '
ST. 3 DASE OF SPIEE ! 182 ! 293 I !
ST, 4 BASAL 1O CK ! 545 ! 000 I '
$T. 5 100% SPIKE ! 21 ! 000 I !

f ! roor !
DMUL 1 LBAF SHAPE ! i (v o1 8t 907
ST. 1 QUADRATR-RHONBIC !  1.000 ! 463 I !
ST. 2 NARROWLT-Q-R ! 000 ' 390 Lot !
ST, 3 OBTRULL>OBTRIANG ! 000 ! 098 Pt !
ST. 4 CONCAVE ! 000 ! 049 Lo !

5 ATTRIBUTES KADE NO CONTRIBUTION.
$¥4¢  CONPARISON KO. 2
$46t  GROUP A = GP B
$$4¢ GROOP B =GP ¢

Y0TAL CONTRIBUTION TOWARDS THE FUSION OF GROUP A WITH GROUP B = 6.3021

GROUP A GROUP B

25 WEMBERS 16 NEMBERS CONTRIBUTION
ATTRIBUTE HAKE ! ATTRIBUTE NO. ! ATTRIBUTE NO. ! % ! X ! ACTUAL !
{STATR) ! MEAN PRESENT!  MEAN  PRESENT! 1(CUM}! VALUR !
---------------------------- R i B e e B e
! ! ! ! ! !
DKUL 1 LEAF SHAPE ! 2% ! 16 1 83! &3¢ L& !
8T. | GQUADRATE-REQNBIC ! 160 ! 000 ! ! ! !
ST. 2 NARROWLY-Q-R ! 000 ! 1.000 ! ! ! !
5T, 1 OBTRULL>OBTRIANG ! 160 ! 000 ! ! ! !
§T. 4 CONCAVE ! 080 ! 000 ! ! ! !
! ! ! ! $ !
! ! ! ! ! !

5 ATTRIBOTES WADE NO CONTRIBUTION.
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Table 2.9 CRAMER, ISS Classification groups, Northern Queensland data

set (52 entities).




Table 2.9 CRAKER, IS5 Classification groups, Northern Queensland date set (52 entities],
HEAN CRAMER VALUE POR 15 ATTRIBUTES = .6123 SCALED CRAKER VALUR POR 3 GROUPS = ,3535
NO ATTRIBUTES ARE KISSING IN ALL GROUPS

ATTRIBUTES DNUL 2 (LEAR COLOUR& DHUL § {BRACT COLOUR], DKUL § ASCAPE COLOUR), DEUL T (BRACYT SHAPE),
DHUL § (BR. INDUNENTUM] (WHERE PRESENT) ARR THE SAMR AR

FNUM & ISPISC RATIO

LEEEIRERERSNREIREES
CRANBR VALUE = .7;37 " ¢
GROUP NANE NENBERS PRESENT  MEA¥ SUM SQUARRS D.F. MEAN SQUARE STATISTIC
GP 0 1 11 84.64 BETWEEN GRODPS .264TR#05 2 ,1323B+05  33.02
G B 28 35 26,32 VITHIN GROUPS .ISG4E#05 49  400.8
GP 16 16 3150 TOTAL AGL0RH5 51
CHAND NBAN = 42.10
DNOL | iLEAF snapsl
[2122282 3322323811
CRAMER VALUE = ,7176
CHI'SQ = 56-58| DnFl : 6
0. ¥O. OF HEMBERS IN EACH STATE
GROUP NANE MEHEZRS PRESENT : I ! 2 ! 3 5 {
[ R N B
G 8 I A O TR /I A I A
Gt B 1] 1 19y 0 4 2
6 0 16 i6 : ) 5 15 5 0 E 0 3
52 1 300 161 4 g
DNUL 3 icLusrxu snacrsl
SRRt EERE bR E SR bRERL
CRAMER VALUE = .7152
CHI'SQ = 53-20| Dlpl = 3
w0 NO. OF MEMBERS IN EACH STATE
GROUP NANE YENBERS PRESENT : 1 | 2 ! 3 5 { ! §
S T A R B
oGP 8 1} It or o) g1 g1 31
GP B 2 L3 N B O R I A
(] 16 611310 f AIRATLA
5200 @21 11 M1 §1 3t
FHON ! ifnunx EIGHTI
SRETESEREEREEERISEES
CRAMER VALUE = .5205
0 " CAUTION: P TBST INVALID ‘
GROUP NAME MEKBERS PRESENT  MEAN SUK SQUARES D.F. NEAN SQUARB STATISTIC
I 1 11 16,91 BETYEBN GROUPS ,2560B+05 2 .1280B+05 15.4
] 25 85 13.16  VITHIN GROUPS .40B3Rs05 49 834.3
(] 16 16 27.50  TOTAL 65488405 51

g
-
-
b
ea
-
=
"
[ g
-a
LT3

DRUL 4 (JUY, CLUSTER BR.
131222122122232222223483 )

CHAMER VALUR = G068
CHI-5¢ = 18.15, D.F, = 4

NO, OF WEKBEKS IN BACH STATE

T TR

------------------------ Jamamalanannfennce]
' D

G 8 1l g 1 91 21 71
@ B % W1 Ti 61 14
e 4 it LA NRATLE
% 1 11 111 8!

--------------------------



Table 2.10 DISCRIMINANT Analysis TAXON NQ52 ISS Groups

STEP ENTERRD REMOYED

N dee a3 D

ACTION

SPSCRAT
LEAFW
SCAPBL
SCAPED
TRUNERT

YARS
IN

I
2
3
{
§

VILES
LAKBDA

A28157
277488
258498
219585
208029

SIG. RAORS ¥

000 63.8472
009 90,1181
0000 87,3661
Jo00 1121
L0000 117.8111

SUMMARY TABLE

CHANGE
sIG. INV

L0000 63.8472
.0000 26.2689
L0000 7.2500
.0000 13,9117
0000 6.5333

§IG.

0000
0000
266
0010
0381

LABEL
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linear carbination of the five characters listed below as being able

to discriminate between the groups proposed by the TAXON -I\Q52 ISS
classification. This implies that the two numeric characters not used
in the formation of the discriminant functions, spike length and spike
diameter, either contain no information or information contra

indicative to the ISS groupings.

The order of selection in the "stepwise” analysis was:
1/.Spike length : scape length ratio

2/. Leaf width

3/. Scape length

4/. Scape diameter

5/. Trunk height

Spike length : scape length ratio was by far the most important
discriminator between the groups, with a change in Rac’s V nearly 2.5
times that of the next most important character (Table 2.10). As also
noted for the UPG analyses, with the same probable explanation, the
order and oanbination of characters selected here is different to the

order and cambination of characters selected by CRAMER.

This cambination of characters is very similar to the cambination of
nureric characters used in the traditional classification of
Xanthorrhoea, e.g. by Bedford (1986 a). This would lead one to expect
that groups well discriminated on such a canbination of characters
woirld be of similar level to groups established elsewhere in the genus
by such a traditional classification. However in this case no valid

canparison can be made as the classification (below) shows that the

58



groups here are incampletely discriminated by this character

canbination.

Classification

The discriminant classification fourd that the discriminant functions
derived from the above five characters correctly classify 84.62% of
the 52 entities (Table 2.11, Figure 2.5)., Wwhilst a high figure this
is low relative to the situation in the UPG classification. This
indicates that either the analysis has been less efficient in
identifying an adequate combination of discriminating variables (an
unlikely situation), or that the ISS groupings are not fully supported
by the numeric characters in the analysis. It is not possible to tell
how well the groupings are supported by the disordered multistate
characters not included in this technique). As the groups are not
well supported by the set of characters it is not possible to infer
any similarity between them and groupings from traditional taxonomic

classification as proposed above.
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Table 2.11 DISCRIMINANT Classification Results TAXON NQ52 ISS Groups

NO. OF PREDICTED GROUP MFMBERSHIP

ACTUAL GROUP CASES 1 2 3
GROUP B 25 21 0 4
84.0 0 16.0
GROUP e 11 1 10 0
9.1 90.9 0
GROUP Q 16 1 2 13
6.3 12.5 81.3

PERCENT OF GROUPED CASES CORRECTLY CIASSIFIED - 84.62

CLASSIFICATION PROCESSING SUMMARY
52 CASES WERE PROCESSED.

52 CASES WERE USED FCR PRINTED QUTPUT.
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Figure 2.5 DISCRIMINANT Classification plot TAXON NQ52 IS3 Groups
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|

2.2.3 PCOA Ordination, Northern Queensland data set (52 entities).

The first three vectors represent 70% of the dissimilarity in the
matrix (35%, 27% and 8% respectively). Appendix 2.5 shows the vector
scores, and Figures 2.6.1, 2.6.2 and 2.6.3 give the plots of the
entities against the first three vectors, with groupings as produced

by the classifications.

The plot of the entities against the first and second vectors (Figure
2.6.1) is the only plot that aids in the interpretation of the data.
It shows that the entities are distributed in a "horseshoe" (Kendall

1971) or an arched curve (Gauch 1982).

POOA ordination relative to the NQ52 UPG classification groups.

The solid lines drawn on the plot (Figure 2.6.1) show the pattern and
the relative distribution of the entities as classified by the NQ 52

UFG classification:

GP 6 occupies the top end of the curved distribution of entities; GP B
occupies the middle ground and slightly overlaps GP Q, which falls at

the bottan of the distribution.

None of the individual wvectors provide a clear view of the groups,
though the primary wvector does show a tendency for GP 8 to occur
towards the negative end of the vector and for GPs Q and € intermixed
to ccour towards the positive end of the vector, but there is not a

clear separation between the groups. Vector two provides little
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Figure 2.6.1 PCQA Ordination, Northern Queensland data set

(52 entities), Vectors 1 and 2

Key: UPG Groups; - - - - 1SS Groups
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Figure 2.6.2 PCQA Ordination, Northern Queensland data set

(52 entities), Vectors 1 and 3

Taxa not separated by either classification,

therefore not demarcated on plot.
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Figure 2.6.3 PCOA Ordination, Northern Queensland data set
(52 entities), Vectors 2 and 3.
Key: - - - - - separates ISS group & from the other two IS5 groups:
UPG groups not separated.
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information when viewed in isolation. Vector three does not assist in

the interpretation of the data.

The ordination plots of the first three vectors do not seem to have a
clear message, or provide much information about the data set. They
do not show random or continuous distribution of individuals or
exceptionally clear-cut groups. Whilst none of the plots indisputably
corrcborates the groups proposed by the UPG classification it can be
argued that there is sorme degree of corroboration in that the
irdividuals classified together into groups tend to be placed together
in the ordination plot of the first two vectors. In addition at least
GP 6 is separate, and GPs g and Q may be separable in the plot of the

first and second vectors.
PCOA Ordination relative to the NQ52 ISS classification groups

None of the plots (Figures 2.6.1-2.6.3) really corroborate the groups
proposed by the NJ 52 ISS classification, although plot 1/2 (Figure
2.6.1) could be interpreted as showing GP @ as separate to the other
groups. The plot of the entities against the first and second
vectors shows some structure in the data. The dotted lines drawn on
the plot show the pattern and the relative distribution of the groups

produced by the 1SS classification:

GP 6 occupies the top end of the curved distribution of entities, and
could be argued to be separate fram the remainder of the entities; GP
g occupies the middle ground with considerable overlap with GP Q,

which falls at the bottcm of the distribution.
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The plot of the entities against the second and third wectors can be
divided with a diagoﬁal line which separates GP Q fram the other two
groups, which are intermixed. However this is a fairly artificial
separation and cannot be interpreted as strong support for the

separateness of the groups.

None of the individual wvectors provide a clear view of the groups.
The primary vector does not show any clear separation between the
groups. Vectors two and three provide little information when viewed

in isolation.

Diagnostic: BACRIV

BACRIV indicates that size factors are the most highly correlated with
the primary vector (scape diameter, spike length, spike diameter and
trunk height) although same shape factors are only slightly less
correlated with it (spike length : scape length ratio and prominence
of cluster bracts) (Table 2.12). For the secornd vector BACRIV
indicates that a cambination of size and shape factors are the most
highly correlated (leaf width, leaf shape, scape length and prominence

of cluster bracts).
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Table 2.12 BACRIV for PCCA Ordination,

(52 entities).

Northern Queensland data set




Table 2.12 BACRIV, PCOA Ordination, Northere Queensland data set {52 entities).

CORRELATIONS FOR VECTOR 1

ATTRIBUTB CORREL., WO, STAT

NAME TIPE  COEFF. PRESENT NO
SCAPE DIAMETER  FNUN 3 9116 52
SPILE LENGTH FNUK 4 3004 52
SPIIR DIAMETER  ENUM § 8589 51
TRUNE HEIGHT FHUN 1 4229 §2
SP/8C IATIO FHUN 6 8121 8l
JUV. CLUSTRR BR. DMUL &  -.5126 w1
JUV, CLUSTER BR. DMUL 4 Al w3
CLUSTER BRACTS  DHUL 3 3356 2 |
CLUSTER BRACTS  DMUL 3 3159 2§
CLUSTER BRACTS  DMUL 3  -.3212 2 2
LEAF SHAPE UL 1 -.2138 52
LEAR SHAPE bHUL 1 -.2373 2 3
LEAR ¥IDTH FiUK 1 25 §

23 ITRES NOT PRINTED
CORRBLATIONS POR VECTOR 2

ATTRIBUTE CORREL.  NO.

NANE TYPE  COEFF. PRESENT WO
LEAE YIDTH FNUN 1 -.8684 §2
LEAP SHAPE UL 1 8316 82 1
SCAPE LEKGTH FNON ¢ -.8218 52
LEAF SHAPE DEUL 1 -.7816 2 2
CLUSTER BRACTS  DNUL §  -.1318 2 1
JUY. CLUSTER BR. DNUL 4 3836 i 3
SP/5C RATIO FNUK & B 52
CLUSTER BRACTS  DNUL 3 3301 52 3
JUV, CLUSTER BR. DNUL 4  -.3300 w2
CLUSTER BRACTS  DMOL 3 3112 52 4
CLOSTER BRACTS  DNUL 3 S 52 %
LEAF SHAPE UL 1 -.2190 52 )
SPIKE LENGTH FNUN 4 -.2151 §2

23 ITRMS NOT PRINTED

COIIELATIOIS POR VECTOR 3

ATTRIBOTE COII K0,

ANE T9PR  CORFF. PRESENT WO
JUY. CLUSTER BR. DNUL 4  -. 1445 M
JUY. CLUSTER BR. DNUL 4 J13 M 2
CLUSTER BRACTS  DMOL & 6306 52 %
CLBSTEI BIACTS DHUL 3 -.5611 2 2
LBAF § DHUL | 4115 52 2
LEAF SHAPB DNOL 1 -, 3646 8 3
SPIIE DIANRYER  FNUM §  -.2058 51
SCAPR DIANBTER  FNUN §  -.1910 §2
LEAF SHAPE DEUL 1 -.1988% i1
LEAF WIDTH PNOK 1 - 1465 §

26 ITEXS NOT PRINTED

B
NAME

ABSENT
LINEAR-TRIANG
BASAL 10 CX

100% SPIKE
SHORTLY ACHTE
CORCAVE
OBTRULL>OBTRIANG

STATE
NANE

———-

QUADRATE-RHONBIC
NARROWLY-Q-R
ABSENT
LINEAR-TRIANG

BASE OF BPILE
SHORTLY ACUTE
BASAL 10 CM

100% SPILE
OBTRULL)OBTRIANG

STATE
NAKE

ABSENT

SEQRTLY ACUTE
BASE OF SPIKR
SHORTLY ACUTB
NARRONLY-Q-R
OBTRULL>OBTRIANG

QUADRATE-REONBIC




2.3 North and south Queensland data set (78) entity analyses

2.3.1 TAXON SAHN Classification, UPG Clustering strategy, North and

South Queensland data set.

The dendrogram (Figure 2.7) shows three groups by the 1.0 dis-

similarity level (data set, Appendix 2.2, SAHN dissimilarity levels,

Appendix 2.6)

GP B WITH 36 MEMBERS - 1-3 5-12 15-21 23 24 26 32 33 35-39 41 42
44-46 48 49 52

GP @ WITH 13 MEMBERS - 13 14 22 27 28 40 43 47 50 57-60

GP Q WITH 29 MEMBERS - 4 25 29-31 34 51 33-56 61-78

It can be seen that GPs g and Q are similar in size, and that GP @ is
between half and a third their size. The groups contain sets of
individuals in camon with the groups produced by both the 52 entity
analyses. The 26 new individuals (i.e. those additional to the
original Northern OQueensland data (52 entities)) have been classified
into two of the three groups: Four individuals (57-60) were placed
with GP 6 and the remaining 22 individuals were placed with GP Q; GP 8

received none of the new individuals.

The groupings produced by this classification have aspects in cammon
with both the 52 UPG and the 52 ISS classifications. GP g8 is almost
exactly the same as the 52 UPG GP B except that three of its members
(25, 31 and 51 were classified to GP Q@ in the 52 ISS classification)
have been transferred fram it. GP @ is the same as the 52 UPG GP &
with the addition of four socuth-east Queensland plants (57-60). GP Q
canbines the four individuals in the 52 UPG classification GP Q plus
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Figure 2.7 UPG Classification Dendrogram, North and
South Queensland data set.

GP B shown g

GP 6 shown 0

GP @ shown Q
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three of the twelve N 52 individuals added to it by the 52 ISS
classification GP §, plus twenty two new individuals from south-east

Queensland.

The levels of dissimilarity in the defdxogram are: Three distinct
groups form at the .8472 lewvel; the first two groups to join are GP 8
and GP @, which join at the 1.1001 level; GP O then joins those groups
at the overall dissimilarity level of 1.4489. It is interesting to
note that these dissimilarity levels are lower than for the
corresponding points in the NQ52 UPG derdrogram (Figure 2.2), even
though there are twenty six additional individuals in this analysis.
This must indicate that this is a more optimal resolution of the data

than the earlier classification.

Diagnostic Programs
GSTAT, UPRG Classification groups, North and South Queensland data set

The statistics for the three groups indicate that two groups are
reasonably uniform and one is quite variable (Table 2.13).
GP 8

Variable in most characters, very similar to NQ52 UEG

classification result.

Disordered multistate characters: Leaf shape shows considerable

variation with every possible shape represented; praminence of

cluster bracts is also more variable than expected for one taxon.
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Table 2.13 GSTAT, UPG C(lassification groups,

Queensland data set.

North and South
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Nureric characters: Almost all characters are very variable, with

wide ranges and high standard deviations, the latter as high as

over 1/2 of the mean in the case of spike length.

Gp 6
More uniform than GP g but still with considerable variation in

the numeric characters. Overall this is a reasonably consistent

group.

Disordered multistate characters: All characters uniform or with

consistent combinations of characters (e.g. prominent cluster

bracts vary from slightly to very praminent).

Numeric characters: Reasonably uniform, except for the con-

siderable variation in inflorescence characters: scape length,
spike length and spike length : scape length ratic (in the latter

two the standard deviation is almost 1/3 of the mean).

GP Q

The most uniform of the groups.

Disordered multistate characters: All characters are uniform

except for prominence of cluster bracts, which shows twenty seven
mambers with obscure bracts and two members with cluster bracts at
the hase of the spike, (such a canbination is recorded elsewhere
in the genus by Bedford, 1986 a), and bract colour, which shows an
anamalous ocombination of same individuals with green and same with
brown bracts at time of flowering. As the majority of individuals
were scored as missing this character it is difficult to form any
realistic conclusions fram this combination.
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Numeric characters: All characters are satisfactorily uniform,

except for trunk height, which is extremely variable. However
such variability is acceptable in a character which varies with

the age of the plant (in those species that do develop trunks).

GCM, UPG Classification groups, North and South Queensland data set

(Table 2.14).

Inflorescence ratio, trunk height and leaf shape make-up 50% of the
difference between GP 6 and GPs Q+8 combined:

GP 6 has spikes more or less equal in length to scapes (mean 1.01),
tall trunks (mean 90 cm} and quadrate-rhawbic leaf shape in T.S.,
whilst the average condition for GPs Q + g8 carbined is for spikes much
shorter than scapes (mean .34), short trunks (mean 26 am) and with a

nmixture of leaf shapes present.

The characters separating GP Q from GP g8 are leaf shape and width, and
to a lesser extent, spike length:

GP @ has broad (mean width 3.46 mm) leaves with a narrowly quadrate-
rhambic leaf T.S. shape and, on average, longer spikes (mean length 90
cu) than GP 8, which has narrow leaves (mean width 1.3 mm), of a

variety of T.S5. shapes and short spikes (mean length 41 cm).
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Table 2.14 GCOM, UPG Classification groups, North and Scuth Queensland
data set.
¥844  CONPARISON HO, |
¥i4% GROUP & = GP @
Bt GROOP B =GP £ + GP B
T0TAL CONTRIBUTION TOWARDS THR FUSION OF GROUP A WITH GROUP B = 13.97H4
GROUP A GROUP B
13 MEMBERS 65 MEMBERS CORTRIBUTION

ATTRIBUTE HANR ! ATTRIBUTE NO, ! ATTRIBUTE NO. ! % ! % ¢ ACTOAL !
(STATE) | NBAN BRESRNT! WRAW PRESENT!  H(CUM)! VALR !

i i 1 H i i
FNUN §  SP/SC RATIO PO101,308 130! 3600 65 ! 240 240 338 i
PWUN T TRONE BBIGHT ! 90000 13 i 26369 65 ! ibi 391 207
DNUL I LBAF SHAPR i 1o 65 ¢ M1 §3 1 2,02
ST. 1 QUADRATE-REOMBIC ! 1.000 i KI5 I !
ST, 2 NARROWLT-Q-R ! .000 - 585 I i
ST. 3 OBYRULLOOBTALANG ! .600 ' J062 I R '
ST. 4 CONCAVE { 000 ' R T B i

1 ] ] ] ] !

f } ] 1 ] !
o ATTAIBUTES NADE NO CONTRIBUTION. T
466 COMPARISON NO. 2
$46% GROUP 4 = GP O
$5¢%  GROUP B = GP B
T0TAL CONTRIBUTION TOWARDS THE RUSION OF GROUP A WITH CROUP B = 17.5887

GROUP & GROUP B
29 KEMBRRS 36 NENBERS CONTRIBUTION

ATTRIBUTE KAME ! ATTRIBUTE NO, ! ATTRIBUTE NO. ! % ! % ! ACTUAL !
{STATE) | NRAN PRESENTI " WEAN PEESENT!  I(CUN)! VALUR !
""""""""""""" g IR A
DNOL 1 LEAR SHAPR i 29 36 F 19 191 341
ST. 1 QUADRATE-RROMBIC ! 000 i 583 I B :
ST. 2 NARROWLT-Q-R ! 1.000 ' .250 I !
ST. 3 OBTRULLDOBTRIANG | 000 1 Jil T B 1
$T. | CONCAVE ! 000 ! .056 P !
PNUN | LEAP WIDTH | ME.585 29 ! 193.889 36 ¢ 194 38 3.1 ¢
BN 4 SPIIBLBNGTE ! 90952 29} LD 3 P 120 S0 2dp

_______ —n— - L L L L T N L L L T YT P vt

{ ATTRIBUYTES MADE NO CONTRIBUTION.
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CRAMER, UPG Classification groups, North and Scuth Queensland data set

(Table 2.15).

The list of characters in order of their ability to distinguish
between groups, as indicated by CRAMER is:

1/. Ieaf width, CRAMER value .8576

2/. Spike length : scape length ratic, CRAMER value .8251

3/. Scape length, CRAMER value .7749

4/. Trunk height, CRAMER value .7564

5/. Spike length, CRAMER value .7357

6/. Scape diameter, CRAMER value .6877

It is notable that only numeric characters are listed as able to

distinguish between the groups set up by this classification.

2.3.1.2 DISCRIMINANT Analysis and Classification, TAXON UPG

Classification groups.
Analysis

Five characters were selected for inclusion in the two discriminant
functions before the addition to Rao’s V became non significant (Table
2.16). Two characters were not selected (scape length and spike
diameter). The order of selection of discriminating attributes in the
"stepwise” analysis was:

1/. Leaf width

2/. Spike length : scape length ratio

3/. Spike length

4/. Trunk height
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Table 2.15 CRAMER, UPG C(lassification groups, North and Scuth

Queensland data set.
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Table 2,15 CRAMER, UPG Claszification groups, North and South Queensland data set.
KBAR CRAKER VALUE FOR 13 ATTRIBUTES = ,6948

SCALED CRAMER VALUE FOR 3 GROUPS = .4012

HO ATTRIBUTBS ARE NISSING IN ALL GROUPS,

?TTEIBUTES DHYL 2 {LBAF COLUUEA, 1.1
VHERE PRESENT) ARE THE SAME I

FNUN | iLEAF ¥IDTH
sEEEEEIRLEER IS CRA¥ER VALUZ = ,8576

L6 £SCAPB COLOUR}, DKUL T {BRACT SHAPE), DEOL 8 (BR. INDUBENTUK)
ALL GROUPS.

CAUTION: 7 T85Y INVALID

NO.  ¥O. 7
GROUP NAKE MEBERS PRESENT  NBAW SUN SQUARES D.P. KBAK SQUARE STATISTIC
GP 6 13 13 188.8  DBETWEEN GROUPS .4325B+06 2 .3162B¢06  104.28
GP @ 2 29 ME.6  WITHIN GROUPS .I565Bé0§ 15 2074,
P B 38 31939 oML (58808406 11
GRAND MBAN = 249.8
PAIN § (SP(SC RATIO)
(21233 E2 s 8228 CRAMER YALUER = 8251
o o CAUTION: P TEST TNVALID .
GROUP NAKE NENBERS PRESENT  WBAN SUK SQUARES D.F. WEAN SQUARR STATISTIC

11 13 101.3 BETKEEN GROUPS 4366 :
G 9 2 8y 30.88 VITBIN GROUPS  .2320B405 15

3 ¥ 0.3 T0T4L 285 "
GRAND ¥EAN = 45,12

FKUE 2 ‘SCLPB LENGTE

SHERRLEISEREIREEREER CRAMER VALUE = 114§
W0 w0 CAUTION: P TBST INVALID ;
GROUP NaKE NEXBBRS PRESENT  NEAN SUN SQUARES D.F. MEAN SQUARE STATISTIC
GP # 13 13 un BETWEEN GRODPS .1998E+Q6 1 L 9592B+05 §6.37
Ge ¢ 29 2 aLnl VITHIN GROUPS  .1329R+0§ 15 103,
HE 3 ¥ 1L TOT4L SABHE N

GRAND KEAN = 164.4

FNUM 1 lTEUHl HETGHT

SRELITRILELENLERELEY CRAMER VALUE = 7564
" " CAUTION: F TBST INVALID P
GROUP KAKB HE!B&ES PlESéNT NEAN SUM SQUARES D.F. MEBAN SQUARE STATISTIC
GP 0 i3 13 90,00 BETWEEN GROUPS .5238B+05 2 LMI9E+0% 50.1%
G B 23 2 4.1 WITHIN GROUPS  .4G64E+05 15 621.9
6P § 36 ¥ 1L TOTAL J050R:06 11
GRAND MEAN = 35.91

FHUK { £SPIIE LENGTH

[ 13883 8223t 2323}3] CRAMER VALUE = .1357
- CAUTION: F TEST INVALID .
GROUP NAKB XEMBERS PRESRNT  MEAN SUM SQUARES D.P. NRAN SQUARR STATISTIC
6P 1} 13 94.11  BETWREN GROUPS .S5008B+05 2, 2504Be05  44.25
IR 3 3§ §0.55  WITHLN GROUPS .4244Rs05 15  §iS.8
GP b % 3 LIl TOTAL 935105 7
GRAND NEAN = 68,44
PNUN 3 (SCAPE DIAMBIER)
SEERRERIRLLEREL 0L
CRANER VALUE = .6877
- CAUION: P TEST INVALID
GROUP MAME YENBERS PRESENT  WBAN SUM SQUARES D.F. NEAN SQUARS STATISTIC
G 8 13 13 156.3  BETWRRN GROUPS .4G37E#05 2 23198405  33.65
GP 9 3 20 136.4  VITHIN GROUBS .S[GBE0S 75 6841
GP B 3 3% 9556 TOTAL J9R05E405 7T
GRAND KEAN = 120.9



Table 2.16 DISCRIMINANT Analysis TAXON NQ78 UPG Groups

STEP ENTERED REMOVED

LL T S

ACTION

LEAFY¥
SPSCRAT
SPIKEL
TRUNEHT
SCAPED

VARS
IN

i
2
3
{
5

WILES
LAHBDA

J283TH
086683
088421
062908
048547

SIG. RAOSS ¥

0000 206.6072
0000 360.2147
L0000 437.8702
.0000 §02.1601
,0000 530.8912

SUMMARY TABLE

CHANGE
SIG, 1IN ¥

0206.6072
01536075
0 77,6558
0 64.2898
0 28.731¢

§IG.

0000
000
0000

[-ABRL
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5/. Scape diameter

The figures in Table 2.16 show that leaf width and spike length :
scape length ratio were the most important discriminators between
groups, with a discriminating power, as measured by a change in Rao’s

V, of two to three times that of the next most important character.

This cambination of discriminating characters is quite similar to the
cambination of characters wused for field identification of
Xanthorrhoea, and used in traditional taxonamic treatments of the
genus, e.g. Bedford (1986 a). It would be expected that groups well
defined by this set of characters would be cawparable to groupings
established by traditicnal taxonamic means elsewhere in the genus. As

discussed in the conclusions, this does seem to be the case.

Classification

The discriminant classification (Figure 2.8, Table 2.17) found that
the discriminant functions derived from the above five characters
correctly classifies 98.72% of the 78 entities. ‘This indicates that
the discriminant analysis has been highly successful in identifying an
adequate cambination of discriminating wvariables, and that the TAXON
78 UPG classification’s groupings are well supported by the numeric
characters in the analysis. This corroborates the hypothesis that the
three groups formed by the 78 USG classification are valid groupings

of the entities.
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Table 2.17 DISCRIMINANT Classification TAXON NQ78 UPG Groups

NO. OF PREDICTED GROUP MEMBERSHIP

ACTUAL GROUP CASES 1 2 3

GROUP B 36 35 1 0

97.2 2.8 0

GROUP e 13 0 13 0

0 100.0 0

GROUP Q 29 0 0 29

0 0 100.0

PERCENT OF GROUPED CASES CORRECTLY CIASSIFIED - 98.72

CLASSTFICATION PROCESSING SUMMARY 78 CASES WERE PROCESSED.

78 CASES WERE USED FOR FRINTED OUTPUT.
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Figure 2.8 DISCRIMINANT Classification plot TAXON NQ78 UPG groups

STMBOLS USRD IN PLOTS STEBOL GROUP  LABBL

GROUP CERTRGIDS

CAHONICAL DISCRIKINANT FUNCTION 1
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2.3.2 TAXON SAHN Classification, ISS Clustering strategy, North ard

South Queensland data set.

The ISS clustering algorithm produces three groups by the 5.0

dissimilarity level (Dendrogram Figure 2.9, SAHN dissimilarity figures

in Appendix 2.7):

GP g WITH 38 MEMBERS - 1-3 5-12 15-21 23 24 26 32 33 35-39 41 42
44-46 48 49 52 62 68

GP 6 WITH 13 MEMBERS - 13 14 22 27 28 40 43 47 50 57-60

GP Q@ WITH 27 MEMBERS - 4 25 29-31 34 51 53-56 61 63-67 69-78

The three groups are very similar to those produced by the 78 UPG
classification, with the only change being the transfer of two
individuals (no.s 62 and 68) from the 78 UPGGP Q to GP 8. GP @ is
exactly the same as the 78 UPG GP 6. The levels of dissimilarity are
higher than for the 78 UBG analysis, as is characteristic of the
different techniques, and they are also higher than in the 52 ISS
analysis, in contrast to the relationship between the relative dis-
similarity levels of the NQ 52 UPG and the NQ 78 UPG analyses
mentioned above. The exact dissimilarity figures are: Three discrete
groups form at the 4.9827 level; the first two groups to join together
are GPs g8 and 6 which join at the 17.4474 level; GP Q then joins with

those to give an overall dissimilarity of 19.6701.
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Figure 2.9 ISS Classification Dendrogram, North and
South Queensland data set.

GP 8 shown g8

GP @ shown 6

GP Q shown Q2
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Diagnostic Programs

GSTAT, 1SS Classification groups, North and South Queensland data set

The statistics for the three groups indicate that two groups are

reasonably uniform and one is quite variable (Table 2.18).

GP g
Variable in most characters, more variable than the same group in

the 78 UPG classification result.

Disordered multistate characters: Leaf shape shows considerable

variation with every possible shape represented; prominence of

cluster bracts is also more variable than expected for one taxon.

Numeric characters: Almost all characters are very variable, with

wide ranges and high standard deviations, the latter as high as
over 1/2 of the mean in the case of spike length, spike length :

scape length ratio and trunk height.

2

<4

More uniform than GP 8 but still with considerable variation in

the numeric characters. Overall a reasonably consistent group.

Disordered multistate characters: All characters uniform or with

consistent coambinations of characters (e.g. prominent cluster

bracts vary from slightly to very praminent).
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Table 2.18 GSTAT,

Queensland data set.

1SS

Classification groups,

North and South
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Numeric characters: Reascnably uniform, except for the con-

siderable wvariation in inflorescence characters: scape length,
spike length and spike length : scape length ratio (in the latter

two the standard deviation is almost 1/3 of the mean).

GP Q

The most uniform of the groups.

Disordered multistate characters: All characters are uniform

except for bract colour, which shows an ancmalous coanbination as
sare individuals have green and same have brown bracts at
flowering time. As the majority of individuals were scored as
missing this character it is difficult to formm any realistic

conclusions from this canbination.

Mumeric characters: All characters are satisfactorily uniform,

except for trunk height, which is extremely variable. However
such variability is acceptable in a character which wvaries with

the age of the plant (in those species that do develop trunks).

GO, ISS Classification groups, North and South Queensland data set

leaf characters arnd scape length make-up 50% of the difference between

GP 2 and GPs 9 + 8 canbined (Table 2.19):

GP Q@ has broad (mean 3.48 mm) leaves, uniformly narrowly quadrate-
rhombic in T.S., and long scapes (mean 228 am), whilst the average

condition for GPs & + g canbined is for narrower leaves (mean 1.98
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Table 2.19 GCOM, ISS Classification groups, North and South Queensland
data set.

$¥8k  CONPARESON WO, 1

¥EE GROUP A =GP &

¥4k QROUP B =GP B 4GP B

TOTAL CONTRIBUTION TOWARDS THE PUSION OF GROUP A WITH GROUP 8 = 17.2630

GROUP A GROUP B
27 KEMBERS 51 NEMBERS CONTRIBUTION
ATTRIBUTE NANR ! ATTRIBUTE MHO. ! ATTRIBUTE RO. ! % ! X ! ACTOAL !
{STATR} ! NEAN  PRESEKT! KEAK  PRESENT! Y{COM)t  YALUE !
---------------------------- T e L nL LR PEPERS PEEPEY PERPREEREY
{ ! ! i ! !
DNUE 1 LEAR SHAPE ! 27 1 §1 v 251 25! 4.36 !
§T. 1 QUADRATE-RECMBIC ! Q00 ! 687 ! ! ! !
5T, 1 NARROWLY-Q-R ! 1,000 ! L2016 ! ! ! !
ST. 3 OBTRULL>GBTRIANG ! 000 ! 078 ! ! ! !
5%, & CONCAVE ! 000 ! 039 ! ! ! t
H ¢ ! ! H !
FHUK 1 LEAF WIDTE ! 7,815 21 ¢ 197,941 51t 200¢ 45! 3.6 !
FNUN 2 SCAPE LENGTH ¢ 228,407 27 v 130.588 51 ! 15! 601 Z.6] t
! ! ! ! ! !
{ ATTRIBUTES KADE NO CONTRIBUTION.
s#35  COMPARISON NO. 2
$45¢  GROUP A = GP §
st4¢  GROUP B = GP B
TOTAL CONTRIBUTION TOWARDS THE FUSION OF GUROUP A WITH GRODP B = 13,1921
GROUP A GRoup
13 MBEBERS 38 MEMBERS CONTRIBUTIOK

------------------------------------ - ————- R L L T T T

ATTRIBUTE HAKE ATTRIBUTE NO. ! ATTRIBOTE NO. ! ¥ ! % ! ACTUAL !

!
(STATE) !  MEAN PRESENT!  XEAN  PRESENT! t(CUN}t VALUE !
............................ SRR SRRSO RN RPN PN
] ' 1 ] v y
FNU¥ 6 SP/SC RATIO ¢ 101,308 13 ¢ 3,395 38 ¢+ 281 2! LW !
FRUN 7 TRUNE HRIGHT } 30.000 13 ! 12,737 38 ¢ 21! 46! 2.72 !
FNUK § SPILE DIAMETER ! 0,231 13 ! 2432 3 1 MY S8 LTS !
i ! t 1 ! ]

----------------------------------------------- - - -———— wmsemaseem--

5 ATTRIBUTES MADE NO CONTRIBUTION.
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mm) of the whole possible range of shapes, and with shorter scapes

(mean 131 am).

The characters separating GP 6 fram GP 8 are spike length : scape
length ratio, trunk height and spike diameter:

GP @ has spikes more or less equal in length to scapes (mean 1.01),
tall trnunks (mean 90 am) and thicker spikes (mean 30 mm) than GP 8
which has much shorter spikes than scapes (mean .31) shorter trunks

(mean 13 am) and thinner spikes (mean 22 mm).

CRAMER, ISS Classification groups, North and South Queensland data

set,

The list of characters in the order of their ability to distinguish
between groups, as indicated by CRAMER (Table 2.20) is:

1/. Leaf width, CRAMER value .8227

2/. Spike length : scape length ratio, CRAMER value .8208

3/. Scape length, CRAMER value .7587

4/. Trunk height, CRAMER value .7472

5/. Praminence of cluster bracts, CRAMER value .6948

6/. Spike length, CRAMER value .6801

The first four characters are listed in the same order, and with
similar values to the 78 UPG classification CRAMER results. Character
five, praminence of cluster bracts, shows that GPs Q and € are uniform
or consistent in this character, but that GP g has a cambination of
bracts obscure to bracts quite prominent. Such a canbination is
uncamon in the genus and is not accepted in most taxa, but is
recorded for-X. johnsonii as presently circumscribed (Bedford 1986 a).
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Table 2.20 CRAMER,

Queensland data set.

ISS C(Classification groups,

North and Scuth



Table 2,20 CRAMER, ISS Classification groups, Worth aad South Queensland data set.
MRAN CRANER VALUB FOR 15 ATTRIBUTEBS : .6809 SCALBD CRAMER VALUE FOR 3 GROUPS = .3831

i ATTH{BUTBS ARE K[SSING IN ALL GROUPS. ATTI[BU]‘ES DL 2 &LKIF C{)LUUI! DHUL 6 E.SCAPR COLOUR ),
DNUL 7 (3RACT SHAPE), DNUL & (BR. [NDUKENTUN) (WHERE PRESENT) ARE THE Aug TN ALC GRoUPS,

FNUE § iLKAF HIDTH!

[Tty CRANER VALUB = 3227
CAUTION: # TEST IWVaLID ;
RO, ND.
GROUP NaNB MENBERS PRESENT  NEAN SUN SQUARES D.F. WBAN SQUARE STATESTIC
0P 150 i Hi 1l BETVEEN GROUPS . 2980%+06 2 19%0E406 13.53
P Y 13 13 188.8 NITHIN GROUPS  .1900E+06 2] 253#.
[0 EY] 3 01,1 TAL JGB80R406 77

18 0
GRAND NEAR = $49.8

FRUE 6 [SF/SC IIM'IOJ CRAKER VAGUE = 0208

BEEREEEIRRISELLENNS
CADTION: F ERST INVALLD

N0, NO,
GROUP ¥A¥E KENBBRS PRESENT  MEAN SOM SQUARRE D.F. MBAN SQUARE STATISTIC
15 M 31 1900 BRTHEN GROUPS L(9ISEM5 7 LBSTEMS 7.4
Tt 13 13 1003 WITHIN GROURS  .23M0RM0S 75 311.3
@ 153 MW 3L MW R

GRAND NBAN = 45,72
SCAPE LENGTH

t s CRANER VALGE = ,7382

W0 W0 CAUTION: P TEST INVALID '
GROUP NANE NEKDERS PRESENT  XEAN SUN SQUARES D.F. NEAN SQUARE STATISTIC
Gr 150 H Hi 228 BETWEEN GROUPS .19138+{§ PRI 50.10
G143 15 13 8077 WITHIN GROUPS .1AISKWE 15 1887,
g 13 TTAL 38 T

B B LS
GRAND KEAN = 164.4
FRUK 7 (TRUNE HBIGHY}

FRRESEREEEERRSRELILES CRAKER VALUB = ,T4T2
CAUTION: F TEST ENVALID

O, 0. ¥
GROUP NANE MEWEERS PRESENT  WEAN SUN SQUARES D.P, NEAN SQUARE STATISTIC
GP 150 1y i 45.56 BETWREN GROUPS EI)SSEODS 1 10438405 .40
13 13 13 90 VITHIN GROUPS  .4BI6R+QY 75
GP 153 i i1 TOTAL 10903006 "
GRAND NEAN = 15.81
DHOS 3 &CLUSTER BRACTS
SRIREELEERARERELEENNS CRANER VAL¥E = 6548
CHI-SQ = 11.44, 3.F. = 8
NG. OF WENBERS IN EACH STATE
GROUP NANE
GP 150
6P 149
Gr 18

ENUN { ismk LEHGTH}
FRRRRLIEESERSEASLLE GRAMER VALUE = .6801
W " CAUTION: F TEST iNVALID
GROUP WANE NEKBERS PRESENT  HEAN SUK SQUARES D.F, WEAN SQUARE STATISTIC
£F 150 ) i 1048 BETWBEN GROUPS .41TIRHOS  LL40BHS b A
GP 149 I3 13 Wn WITHIN GROUPS 49728405 7%  G66Z.9
6P 153 b1 B A TOTAL AR 1
GRAND KEAK = §3.44



2.3.2.2 DISCRIMINANT Analysis ard Classification, TAXON IS5

Classification groups, North and South Queensland data set.

Analysis

Six characters were selected for inclusion in the two discriminant
functions before the addition to Rao’s V became non significant (Table
2.21). The one character not selected was spike diameter. The order
of selection was:

1/. Leaf width

2/. Spike length : scape length ratio

3/. Trunk height

4/. Spike length

5/. Scape diameter

6/. Scape length

Table 2.21 shows that leaf width and spike length : scape length ratio
were, almost equally, the most important discriminators between groups
with a discriminating power, as measured by change in Rao’s V, of over

three times that of the next most important character.

These results are very similar, though not identical to the results
for the discriminant analysis on the NQ78 UPG classification

groupings, and the caments made there apply here also.

Classification

The discriminant classification (Figure 2.10, Table 2.22) found that
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Table 2.21 DISCRIMINANT Analysgis TAXON NQ78 ISS Groups

SUKNARY TABLE

ACTION VARS  WILES CHANGE
STEP ENTERSD RENOVED IF  LAMBDA SIG, RAO$S V  SIG. 1INV 816,  LABEL

I LEAFW 1 .323060 .0000 155.0898 {155.0538 0
1 SPSCRAT 2 108657 0000 309.5443 0154.5845 b
3 TRUNEHT 3 .086117 .0000 360.4476 0 50.8033 .0000
{ SPIERL § 071998 0000 415.587¢ 0 55,1403 0000
5 SCAPED 5 065845 .0000 443.6821 0 28.0842  .0000
§ SCAPEL 6 062814 .0000 455.8279 ¢ 12,1457 .002)

Table 2.22 DISCRIMINANT Classification Results TAXON NQ78 ISS Groups

CLASSIFICATION RESULTS -

K0. OF  PREDICTED GROUP MEMBERSEIP

ACTUAL GROOP CASES i 2 3
GROUP 1 3 3B i 2
2.t 2.6 5.3

GROUP 2 13 i 12 0
1.1 82.3 0

GROUP 3 11 b 0 ki
] b 190.0

PBRCEKT OF GROUPRD CASES CORRECTLY CLASSIFIED - 94.37
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Figure 2.10 DISCRIMINANT Classification TAXON NQ78 ISS groups -
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the discriminant functions derived fram the above six characters
correctly classifies 94.87% of the 78 entities. This indicates that
the discriminant analysis has been quite successful in identifying an
adequate combination of discriminating variables. It also irdicates
that the TAXON NQ78 ISS groups are quite well supported by the numeric
characters in the analysis. This partially corroborates the
hypothesis that the NQ78 ISS three groups are valid groups of the

entities.

2.3.3 PCOA ordination, North and South Queensland data set.

The first three wvectors represent 76% of the dissimilarity in the
matrix (35%, 33% and 7% respectively). Apperdix 2.8 gives the vector
scores ardd Figures 2.11.1-2.11.3 show the plot of the entities on the

first three vectors.

The plots of the entities against the first and second vectors (Figure
2.11.1) and against the second and third vectors (Figure 2.11.3) are
the only plots showing interpretable pattern. Figure 2.11.1 shows
that the entities are distributed in an arched or horseshoe shaped
curve, as in the ordinations for the classifications treated above. A
canparison of the ordination plots with how individuals are allocated
to groups by the UPG and ISS classifications gives a very similar,

though not identical, result for the two classifications.

PCOA ordination showing NQ78 UPG groups

The solid lines drawn on the plot (Figure 2.11.1) show the

distribution of groups in the pattern. It can be seen that GP @ falls
93
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Figqure 2.11.1 NQ78 PCQA Ordination Vectors 1 and 2

Key: UPG Groups; - - - — ISS Groups.
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Figure 2.11.2, Vectors 1 and 3,

taxa not separated, so not demarcated.
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Figure 2.11.3, Vectors 2 and 3

Key: veeennnn. Separation of Group € from other

two groups in both UPG and ISS Classifications
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at the top erd of the distribution, without overlap, GP g8 occupies the
middle ground and could also be interpreted as being without overlap,
GP Q falls at the erd of the curved distribution. Figure 2.11.3 shows
that GP @ are distributed at one end of the second vector, separate
from the other two groups which are interspersed with each other. In
terms of the individual wectors: The primary wector shows sane
incamnplete separation between GP Q and GP 8; the second vector shows
GP & at one end, separated £rom the other groups; the third vector

does not assist with the interpretation of the data.

PCOA ordination NQ78 ISS groups.

The dotted lines drawn on the plot of vectors 1 and 2 (Figure 2.11.1)
show the distribution of groups in the pattern. .As for the UPG
groupings, it can be seen that GP ¢ falls at the top end of the
distribution, without overlap. But in contrast to the UPG groupings,
ISS GP B, while it still occupies the middle ground now slightly
overlaps GP Q@ which falls at the lower end of the curved distribution,
ard is therefore not marked separately. Figure 2.11.3 shows that GP @
are distributed at cne end of the secord wvector, separate fram the
other two groups which are interspersed with each other. In terms of
the individual wvectors: The primary vector shows same incanplete
separation between GP Q ard GP 8; the second vector shows GP 6 at one
end, separated from the other groups; the third vector does not assist

with the interpretation of the data.

BACRIV (Table 2.23) indicates that the size of parts (spike length,
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Table 2.23 BACRIV for PCQA Ordination, North and South Queensland data

set.
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Table 2.23 BACRIV PCOA Ordination, North and South Queensland datas set.
NOTB: CORRELATIONS PRINTED ARB THE CORRELATIONS OF THE ATTRIBUTE VALUES ¥ITH THE SCORES FOR TEE VECTOR
COZRBLATIONS POR VECTOR 1

.........................

ATTRIBUTE CORREL.  NO. STATE
TTPE  COBFF. PRESENT KO RANE

amm- mwmm memrrer mmmm——— e aam-

SPIKE LENGTH FNUK 4 -.8963 18
SCAPE DIAMETER  ENUK 3  -.8027 18

SPIEE DIANETER  FNUK §  -.7481 4]

LRAF WIDTH PNUK 1 -.7064 78

SCAPE LENGTH PNUK 2 -.5818 78

LEAF SHAPE MO, 1 -.5768 78 2 NARROWLY-Q-R
TRUNE HRIGEY FNUE T -.563% 18

BRACT COLOUR DMUL § 4808 24 1 GRERN

BRACT COLOUR DHUL §  -.4808 a4 3 DBROWN

SP/SC RATIO PNOX 6 -.4353 T8

CLUSTER BRACTS  DMUL 3  -.4257 T4 1 ABSENT

LEAF SHAPE DML i 4187 f8 1 QUADRATR-RAOKBIC
CLOSTER BRACTS  DHUL J L0101 74 2 SHORTLY ACUTE
CLUSTER BRACTS  DNUL 3 2711 T 3 BASE OF SPIER
LBAF SHAPE MUL | 2564 18 4 CONCAVE

21 ITRES NOT PRINTED
CORRELATIONS POR YECTOR 2

ATTRIBUTE CORBEL,  XO. STATE

AMR TYPE  COEFP. PRESENT X0 NANR
SP/SC RATIO PNON 6 1962 18
LEAF SHAPE DKUL | 1786 78 1 QUADRATE-RHONBIC
CLUSTER BRACTS  DMUL 3  -.748] 14 1 ABSERY
LEAF SHAPE DEUL 1 -.633) 8 2 NARROWLY-Q-R
JUY. CLUSTER BR. DMUL ¢  -.6522 30 1 ABSENT
SCAPE LENGTE FaUN 2 -.6330 18
BRACT COLOUR DMUL § 5848 1 GREEN
BRACT COLOUR DEUL &  -.5848 24 3 DBROWN
LEAF WIDTH Pl -.58736 18
TRUNK EEIGHT .
JUV. CLUSTER BR. DML 4 5405 03 LINBAR-TRIANG
CLUSTER BRACTS  DNUL 3} 50 T4 & BASAL 10 CK
SPINB DIANRTRR  FNUK § A4 )
CLUSTER BRACTS  DMUL 3 A0 4§ 100% SPIKE
SCAPE DIAMBTER  FMUK 3 S 18
CLUSTER BRACTS  DKUL 3 S 14 3 BASE OF SPINLE
20 ITEES NOT PRINTED

CORRBLATIONS FOR VRCTOR 3

-------------------------

ATTRIBUTE CORREL.  NO. STATE
AKE T R

TPE  COBFF. PRESENT NO ANB
JUV. CLUSTER BR. DNUL {  -.7408 30 1 ABSENT
JUY, CLUSTER BR., DNUL ¢ 6875 0 2 SHORTLY ACUTE
BRACT COLOUR DNOL §  -.6588 24 1 BROWN
BRACT COLOUR DHTL § 6588 24 1 GRERN
CLUSTER BRACTS  DMUL 3 6267 T4 3 BASE OF SPIER
CLUSTER BRACTS  DMUL 3  -.4408 T4 2 SHORTLY ACUTE
LEAF SHAPE DNUL 1 2309 18 2 NARROWLY-Q-R
SCAPE DIAMETER  ENUM 3  -.2418 18
LEAR SHAPE DHUL 1 -.1848 7§ 1 QUADRATB-RHOKBIC
LBAP SHAPR UL 1 -.1188 it %

ORTRULLYGBTRIANG
CLUSTER BRACTS  DNUL 3 -.1%887 " ABSENT
25 ITEKS WOT PRINTED




scape diameter, spike diameter, leaf width, scape length ard trunk
" height) are the most highly correlated with the primary vector, with
leaf shape and bract colour the next most highly correlated. For the
second vector BACRIV shows that shape factors are the most highly
correlated (inflorescence ratios, leaf shape, and the praminence of

cluster bractsy.

2.4.1 A detailed analysis of the structure of NQ52 UPG GP g8 with 39

mermbers.

TAXON SAHN Classification, UPG Clustering strategy, NQJ52 GP B8 - a 39

entity subset of NQ52.

The dendrogram (Figure 2.12, SAHN dissimilarity levels Appendix 2.9)
shows five "subgroups" by the 1.0 dissimilarity level. There are two
major subgroups connected to a chain of singletons with one small
subgroup adding to the mass at higher levels:

GP 70 WITH 12 MEMBERS 1-3 20 24-26 31 35 36 41 42

GP 72 WITH 3 MEMBERS 21-23

GP 73 WITH 22 MEMBERS 5 6 8-12 15-19 32-33 37 39 44-46 48 49 52
ENTITY 7 1 MEMBER 7

ENTITY 51 1 MEMBER 51

The membership of these subgroups is mostly similar to the membership
of the subgroups of NQ52 UPG GP @: GP 70 is similar to NQ52 UBPG GP 96
except that entities 10 and 51 have been lost; GP 72 is the same as
NQ52 URG GP 81 with the addition of entity 38; GP 73 is similar to
' M52 UPG GP 94, with the only changes being the loss of entity 38 and
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Figure 2.12 TAXON SAHN Classification, UPG Clustering strategy,

Dendrogram, NQ52 GP 8 (39 entity) data set.
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Figure 2.12
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the addition of entity 10; ENTITY 7 was also a singleton within NQ52
UPG GP 8. The separation of entity 51 as a singleton is a new, and
unexpected, change in this classification. Such a change is hard to
explain with certainty, but could be due to distortions in the current
dissimilarity matrix of unknown cause, or to distortions in the NQG2
UPG matrix. In the latter case the distortions could be due to the
presence of wvery dissimilar individuals in the matrix. The changes
would then be caused by the removal fram the matrix of individuals
which were equally dissimilar to entity 51 as to the rest of GP g&.
The presence of such individuals could have resulted in forcing 51 and

the rest of GP g together even though they were not very similar.
GSTAT, NJ52 GP 8 - a 39 entity subset of NQ52

The statistics for the squ irdicate that same are still quite
variable and cthers fairly unifom (Table 2.24).
GP_70

In sane respects a consistent and reasonable group, but in other

respects still quite variable.

Disordered multistate characters: Leaf shape is reascnably

consistent; prominence of cluster bracts also shows a consistent

cambination.

Numeric characters: Many characters have wide ranges and or high

variability. In particular the ranges for leaf width and scape
length, though less than for NQ52 UPG GP g as a whole, are
excessive, and spike length is highly variable with a standard
deviation of over 1/3 of the mean.
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Table 2.24 GSTAT, NQ52 GP 8 - a 39 entity subset of NQ52,

page 1.
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Table 2.2
INDIVIOVAL ¥0. 3i

IEERERESISEEREREEES
DISORDERED MULTISTATES N0, NO. TN STATE
Mg b2 3 &%
1 LRAF SHAPE 0 01 & 0
2 LEAF COLOUR 0 10
1 CLUSTRR BRACTS ] 1 0 0 ¢ 0
6 SCAPE COLOUR 0 1 ¢
T BRACT SHAPR ] I
& BR. INDUNENTON ] 00 0 1 b
nuunn{c AT“‘E{BUTES . X N, NIN, NN, NAL, NEAN NEAN §.D. KANGE
{1 NI =0 WOT O KOt 0 FOT 0
1 LEAP ¥I0TH 00 1 100.¢ 300.0 300.0 100.¢ 100.0 0. 0.
2 SCAPE LENGTH 0 [ 1 285.0 265.0 268.0 285.0 285.0 0. 0.
1 SCAPE DIANETER 0 0 1 110.4 110.¢ 110.0 110.9 119.9 0. 0.
{ SPLEE LEKGTH 6 0 1 104,10 104.0 184.0 104.0 104.0 0. 0.
§ SPEEE DIAMETER ] 0 1 22,00 22,00 22.00 .00 12,00 0. t.
6 SP/SC RATIO ] 0 | 39.00 19,00 35,00 19,00 19.00 0. 8.
T TRUFE HBIGHT 60 1 60,00 60.00 69.00 £0.00 £0.0¢ 0. 0.
GP 79 WITH ) WENBERS
FEESREEERREEREEELLY
DISORDERED NULTISTATES WO, O, N STATE
NS S T R T 1
1 LEAF SHAPE 0 1 2 0 9
2 LEAF COLOUR 0 30
3 CLUSTER BRACTS ] 1 ¢ 1 1 0
4 JU¥, CLUS®ER PR, i |
§ BRACT COLOUR H 01 & & 0
§ SCAPE COLOUR ? 1 ¢
T BRACT SHAPR ] 0 3 0
% BR. INDUNENTOUN ] N T T |
uuukn{c ATTRIBUTES K. KO HD, NIN, NN, AL NEAM KEAN 8.0, EANGE
FHOK) ¥[§ =0 NOT O HOT O [T
1 LEAF ¥IDTH 1 g 3 150,0 [50.9 180.0 163.1 163.3 15.28 30.00
% SCAPE LENGTH I 11,00 17,00 110.0 80,00 40,00 11.58 33.00
3 SCAPE DIANETER [ H 120,0 120,0 120,0 120.0 120.0 g, 0.
{ SPLEE LENGTH ¢ 0 3 §4.00 54.00 81.00 §9.33 9.3 13.41 21.00
§ SPITE DIANETER P9 3 34.00 24,00 21.00 5.61 .41 1,528 3.000
§ SP/SC RATIO ¢ 0 3 £5.00 £5.00 94.00 1.1 1.3 14,98 25.00
§ TRUNI RELGAT 9 ¢ H 10.80 10,08 20,00 13.1 13.33 5.1 10.00
INDIVIDUAL N0, 1
$RERESRRELRIRELRINLSE
DISORDERED NULTISTATES NO, NO. IN STATE
KIS 1 1 3 4 5
1 LEAF SHAPE 0 0 ¢
3 CLUSTER BRACTS 1 & 0 0 0
7 BRACT SHAPB 0 1 4§
§ BR. INDUNENTUX 6 ¢ 6 1 0
NUNERIC ATTRIBUTES NO, NO WO, NN, NIN. AL NEAN NEAN 5.0, RANGE
) WIS =0 NOT O ot 0 Not 0
1 LBAF WIDTH B 1 220.0 2200 2200 2209 230.0 0. 0.
2 SCAPE LENGTH i 1 §3.00 59.00 5%.00 59.00 ¢, 0.
1 SCAPE DIANETER ] 1 60,09 60,00 60,00 §0.00 80,00 0. 0.
{ SPIKE LEMGTH [ [ 1 5,000 5,000 5,000 5.000 §.000 . 0.
§ SPLIE DIAMETER 0 ¢ 1 11,00 11.00 17.00 17.00 . 0.
6 SP/SC RATIO 0 0 1 §.000 3,000 §.000 9.000 $.000 8. 0.



Table 2.24 GSTAT, NQ52 GP 8 - a 39 entity subset of NQ52,

page 2.
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GP 70 WITH 12 WEMBERS
(3232222223 2228 1222
DISCRDERED KULTISTATES 0. NG, IN STATS
1] 12 3 4 ¢
1 LEAF SHAPE 0 DI I
2 LEAF COLOUR 3 i1
3 CLUSTER BRACTS ] 4 0 2 0 0
4 JUV, CLUSTER BR. 10 DI
5§ BRACT COLOUR § ¢ Y 0 0 0
6 SCAPE COLOUR & § 0
T BRACT SHAPR ] 012 ¢
8 BR. INDUMBNTUN 0 ¢ 0 o012 0
NU!BE{C ATIRIBUTES N0, NG WO, IN,
FNUN NI =0 KOT O
I LEAF WIDTH 0 S 1 200.0
2 SCAPE LENGTH ] 0 12 100.6
3 SCAPE DIANRTER 0 I 1 60,00
4 SPIIR LENGTH ¢ [ 1 16.00
§ SPLEE DIANETER ¢ b 16,00
& SP/SC RATIO 0 ' ¥ 9.000
1 TRONE ERIGET ¢ b § 0.
GP 71 WITH 22 NENBERS
SEESEREERIRERRITINL
GISOBDERRD WULTISTATES MO, N0, IN STATE
IS 1 2 3 4 %
I LEAF SHAPE ¢ o0 1 1
2 LEAF COLOUR 12 0 0
3 CLUETRR BRACTS 0 b1 8 1 0
4 JUY, CLUSTER BR. 1 T & 2
§ BEACT COLODR 15 U B T
§ SCAPR COLOUR £ 1 9
1 BRACT SHAPR 1 021 0
8 BR. INDUYENTUM ¢ ¢ 0 0 22 ¢
HU!BR{C AT‘IIBUTBS NO. WO WO, NI,
FRUN KI5 =0 NOY O
1 LBAF VIDTH ¢ ¢ 130.0
2 SCAPE LENGTH 0 022 60.00
3 BCAPE DIANETER 0 [ 4 10.60
{ SPIIR LENGTH 0 ¢ 11.00
5 SPIIE DIAKETER 1 vl 15.60
6 SP/SC RATID 0 ¢ 16.0¢
7 TRUNT HRIGHT 0 yoIs '

DISORDERED NULTISTATES E?é

1 LBAR SHAPE
2 LBAR GOLOUR
3 CLUSTER BRACTS

4 JUV, CLUSTRR BR, 20

§ DRACT COLOUR

& SCAPE COLODR

1 BRACT SHAPR

8 BR, INDUNBNTOM

NU!E!{C ATTIIBUTBS
FRUN

1 LEAR ¥IDTH

2 SCAPE LENGTH

3 SCAPE DIANRTER
{ SPIIE LENGTH

5 SPILE DIANETER
6 SP/8C RATIO

T TRUNK HBIGHT

STAYISTICS FOR ENTIRE DATA
FEERERREERREERRRERRINEEIEES

¥0. IN 5YATE
i 5

1 2 4
0 a1 4 2
16 LA
0 1w i 0
Tt 93
28 P16 00
% 110
1 ¢ M 0
¢ ¢ 0 01 0
¥, H N, KIN.
BI§ =0 NOT O
0 ] 130.0
0 ¢ N 54,00
0 [} 60,00
0 -} ] 5,000
1 ¢ i 16,00
0 ¢ §.000
[ U 0,

WO S DD - O WK
T b dpiRUDWY DO
— e o m eI e
P P —— n =
pap=tyuiicy r=pmry A




GP 72
Fram the multistate data this appears an odd assortment of
individuals, but the numeric characters indicate that the plants

concerned have very similar dimensions.

Disordered multistate characters: Very variable - leaf shape

varies from quadrate rhambic to narrowly quadrate rhambic; the

praninence of cluster bracts shows an unacceptable cambination.

Numeric characters: All characters are acceptably uniform relative

to taxa in the genus (Bedford, 1986 a).

Gp 73

Some characters are satisfactorily uniform, others are variable.

Disordered mmltistate characters: Ieaf shape is reasdnably

consistent with the majority of members scored quadrate-rhambic,
though one marber is scored obtrullate to obtrianqular and ancther
as concave; prauninence of cluster bracts is quite variable - from
bracts obscure to praminent for the basal 10 cm of the spike (an

unusual but not necessarily unacceptable cambination).

Numeric characters. Many characters are quite variable but sare

are within acceptable rangeé.: Leaf width, scape diameter and spike
diameter have acceptable range and standard deviation figures;
scape and spike lengths have large ranges and high variability,
with high standard deviations of 1/3 to 1/2 their ranges; spike
length : scape length ratio and trunk height also appear very
variable, but may be within the range of acceptable figures as
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other groups in the genus with similar amounts of variation are

valid taxa (Bedford, 1986 a).

The singletons. 7 and 51 are obviously uniform and without internal

variability.

To assist with camparisons of the subgroups with each other, and
therefore with the understanding of the significance of the
subdivisions within GP 8, full word descriptions of their charac-

teristics as given by GSTAT were prepared.

Descriptions of groups (characters listed in ascending order from soil

level):

GP 70

Trunk absent to short, 0 - 15 am; leaves narrowly quadrate rhowbic or,
less camonly, obtrullate to obtriangular; medium width to broad, 2.0
- 3.5 m; scape 100 - 296 an long and 6 — 11 mm diam.; spike 16 - 75
an long and 16 - 28 mm diam.; spike always much shorter than scape,
ratio .09 - .35; cluster bracts cbscure, or rarely, prominent at the

base of the spike only.

Gp 72

Trunk short, 10 - 20 cam; leaves quadrate rhambic or narrowly quadrate-

rhombic; narrow to medium width, 1.5 - 1.8 mm; scape 77 - 110 cam long

and 12 mm diam.; spike 54 - 81 am long and 24 - 27 mm diam; spike

about half as long to the same length as scape, ratioc .65 - .94;
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cluster bracts obscure, prominent at the base of the spike only or for

the basal 10 cm of the spike.

Gp 73

Trunk short, 0 - 40 cm; leaves quadrate-rhombic or, rarely, obtrullate
to obtriangular or concave; narrow to medium width, 1.3 - 2.3 mm;
scape 60 - 195 cm long and 7 - 13 mm diam; spike 11 - 80 om long and
19 - 28 mm diam.; spike very much shorter than to about half as long
as scape, ratio .16 - .51; cluster bracts cbscure, prominent - shortly
acute in shape, praminent at the base of the spike only or, rarely,

prominent for the basal 10 cm of the spike.

Entity 7

Trunk absent; leaves concave; medium width, 2.2 mm; scape 59 @m long

and 6 mm diam.; spike 5 an long and 17 mm diam; spike very much

shorter than scape, ratio .09; cluster bracts obscure.

Entity 51

Trunk medium height, 60 am; leaves narrowly quadrate-rhambic; broad,

3.0 mm; scape 265 cm long and 11 mm diam.; spike 104 am long and 22 mm

diam.; spike much shorter than scape, ratio .39; cluster bracts

obscure.
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The groups carpared, in order of most dissimilar pair comparison to

least dissimilar pair (Table 2.25) show:

Camparison 1. Individual 51 from the remaining members.

The characters separating individual 51 as a singleton (with 61% of
the differences) are the possession of the highest trunk and longest

spike in this analysis.

Such a separation is samewhat artificial as the difference between the
dimensions of this plant and the largest in the range present in the
remaining 38 plants is not very great, and would not normally be
regarded as being of taxonamic significance in this genus. This

appears to be a case of "a large fish in a small pord".

Camparison 2. GP 72 and the remaining 35 members.

The single character most different between GP 72 and the remaining 35
members in  the analysis (with 52% of the differences) is spike length

: scape length ratio.

This difference may be of taxonamic significance, as it is an
important character elsewhere in the genus, though the average for the
group of .77 is not very different to the highest value elsewhere (in

GP 73) of .51.
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Table 2.25 GOOM, NQ52 GP 8 - a 39 entity subset of NO52

111




Table 2.25 GCOM, NQ52 GP B - a 39 entity subset of NQ32
t4¢¢  COMPARISON NO. 1 (NOST DISSIMILAR PAIR OF GROUES)
$35¢ GROUP 4 = GP 51
#4308 GROUP B =GP T2 +GP T+ GP TO+GP T3

TOTAL CONTRIBUTION TOWARDS THR PUSIOK OF GROUP A WITH GRODP B = 2.13%%

GROUP A GROUP B
| MRMBERS 18 NRNBERS CONTRIBUTION
ATMTRIBUTR NAME ' ATMRIBUTE NO. ! ATTRIBUTE NO. ! % ! % ! ACTOAL
{STATE] | MR PlBSBIﬂ': NEAN Pnsssﬂr: :(cuu}: VALUR
{ ! S R
PNUN 7 TRUNE ERIGET ! 60,000 L i 11,026 38 ! 391 391 84l
PR 4 SPIKE LRNTE ! l1odoo0 LD 4Ll 38 21611 AN
TG ATIRIBUTES WADR WO CONRIBUTION. T
48t COMPARISON NO. 2
$465  GROUP A = GP T2
$eet CROUP B =GP T+ GP T0 4GP 7
107AL CONTRIBUTION TOWARDS THE FUSION OR GROUP A WITH GROUP B = 3.1860
GROUP A GROUP B
3 usussas 35 NENBERS CONTRIBUTION
ATTRIBUTE NAKE ' ATMRIBUTE HO. ! ATTRIBUTE NO. ! % ! % ! ACTUAL
{STATE) i MEAN PEESBHT: NEAN PEESBNT: :(CU!)' YALUE
v i Vo
FNUN 6 SP/SC RATIO SRR B AT
TS ITTAIBUTES NADR WO CONTRIBUTION.
sees  CONPARISON NO. 3
$e8%  CROUP A = GP 6
¢4 GROUP B =GP 70+ GP T3
TOTAL CONTRIBUTION TOWARDS THE FUSION OF GROUP & WITH GROUP B = 1.180%
GROUP GROUP B
{ uxams 34 NENBERS CONTRIBUTION
ATTRIBUTR KAME I ATTRIBUTE NO. ! ATTRIBUTE WO. ! % { % ! ACTUAL
{STATE) PR msm: NEAN PRESBNT!  1(CUN)! VALUR
i i R R
DNUL | LEAP SEAPE ! 1 i ool o288
St 1 quwmz REQNBIC ! 000 ! 588 T
St. 1 NARROWLY-Q-R ! .000 i 265 I
st, 3 oarnur.msrmues .000 i ii8 T T
ST, 4 CONCAVE ! 1.000 ; .02¢ toob
PNUK 2 SCAPE LENGTS 1 59.000 f © 150,906 34 ! 150 401 .18
PNOK 3 SCAPE DIAMETER ! 80000 1 B0 M ofo161 oS5t .0

-------------------------------------------------------------------------------------------

6 ATTRIBUTES MADE MO CONTRIBUTION.



Camparison 3. Individual 7 with the remaining 34 members.

The characters most different between individual 7 and the remaining
34 members (55% of the differences) are shown as leaf shape, scape

length and scape diameter.

These differences are highly artificial if viewed singly, as none of
the dimensions of individual 7 are outside the range of the other 34
members. This separation must then depend on the possession of this
canbination of characters. In taxonamic terms this is a poor basis

for the separation of this individual

Campariscn 4. GP 70 with GP 73.

The characters separating these groups (63% of the differences) are

leaf shape and leaf width.

Reference to the GSTAT tables and descriptions shows that there is
oonsiderable overlap between the dimensions of these groups. The
range of leaf widths for GP 70 is from 2.0 mm to 3.5 mm, and for GP 73

from 1.3 nmm to 2.3 mm, giving an overlap of .3 mm.

There is also sare overlap in leaf shape, as both groups have members
with obtrullate to obtriangular leaves. As such, although there may
be same real differences between the groups, it would be difficult to

distinguish between them in practice.
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Conclusions fram 39 entity analyses.

At this stage of knowledge the differences present in NO52 UPG GP g8
are not taxonomically reliable enough to support the formal

reccgnition of any taxa within this group.

2.5 GENERAL DISCUSSICN

Characters

Many of the multistate characters in the data set do not vary
significantly between the groups. This is most probably because:

(a) the character set was devised to cover the range of variation in
the genus as a whole rather than only the perceived differences in the
taxa involved in the analyses, and;

(b) the taxa involved here are difficult to distinguish (hence the
need for these analyses), and it is therefore to be expected that they

will have many features in cammon.

Testing the Results

A classification produces an hypothesis that there are a mmber of
valid groupings or nested subsets present in the total set of
individuals or taxa in the classification. It is desirable to test or

corroborate such an hypothesis in same manner.

It may be thought that it would be possible to test the statistical
significance of classifications produced by SAHN and similar programs
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by using one of the available analysis of variance (ANOVA) statistics
such as an F test. However such an exercise is essentially
tautological, i.e. circular in logic, and does not provide a test of
the significance in such a situation (J. Robinson, pers. camm., 1987).
This apparent anamaly may be explained by reducing the situation to
its simplest possible form--a classification based on one variable.
When a classification establishes an hypothesis that there aren
subsets or groups in the data set it has done so by clustering
together, around centres of difference, n sets of those entities or

taxa with like values for that variable.

The ANOVA is usually a test of the null hypothesis that the means of
the n groups do not differ significantly, i.e. that the groups are
samples of the one population. As the classification has already used
an analogous process to determine centres as different as possible
from one another in producing the n groups, the use of these two
techniques as a test of each other is obwiously not logical. The
classification has altered the statistical distribution of the data
set (by clustering around centres of difference) such that it no
longer meets the underlying statistical requirements for validity upon
which the ANWA is based. Thus in the situation of a classification
based on one variable the use of an ANOVA has no validity (J.

Robinson, pers. camm. 1987).

In a more usual situation where multiple variables have been used in a

classification an ANOVA still has no validity as a test of

significance of the classification, lut will show which variables were

used by the classification in the formation of the groups. Wwhere the

ANOVA results in a high value ("highly significant") the correlation
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of the classification and the variable is high, i.e. that variable was
used in the formation of the groups. Where a low ("not significant")
value is found, the classification did not make use of the variable
informing the groups. Another way of expressing this is that, in this
situation, the ANOVA null hypothesis is that the variable played no

part in the grouping process of the classification.

As the TAXON programs used here incorporate diagnostic procedures to
provide an assessment of the contrilxation of each variable to the
formation of groups it was not necessary to use the ANOVA technique in

this study.

There is no test of the statistical significance of a classification

in existence (J. Robinson pers. camt.). It 1is however, possible to
"test" the hypothesis by examining the usefulness and effectiveness of
the classification in the real world, for example by adding more
samples to see if they "fit" the proposed groups, or by examining
characters not previously included in the classification to see if
they follow the same pattern. These are not tests of significance in
statistical terms, but may help to corroborate or support a

classification.

Ordinations

There are at least two possible interpretations of the ordination

results, depending on the perceived causes of and explanations for the

distinctive distribution of the plotted individuals on the plots of

the first and second vectors.
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Interpretations of the Ordination results

1. At face value the curved distributions appear to indicate that
there is not a simple linear relationship between the individuals or
groups. The tendency for individuals assigned to particular groups in
the classifications to be plotted closer to each other than to members
of other groups would also suggest that there is a closer relationship
between the individuals in those groups than to other individuals or
groups. It could therefore be argued that GP @ is always separable,
and that GP 8 and GP Q are more or less separable in the NQ52 UPG and

ND78 classifications.

Such an interpretation would suggest that:

(i) The groups proposed by the classifications are at least partly
ocorroborated by the ordination results;

(ii) As there appear to be at least same discontinuities within the

data set, classification provides a better resolution than ordination.

2. However there is also an altermative interpretation for the
distinctive curved distribution of the plotted individuals on the
plots of the first and second vectors. In ecological and mathematical
literature this curve is seen as an artifact of the ordination process
(arch effect of Gauch, 1982; Gauch et. al. 1977, or horseshoe effect
of Kendall 1971). This is primarily because the curve has been
observed both in artificial and natural data sets where individuals
are known or believed to vary only along a single axis/vector (a
single straight line sequence exists or is believed to exist).
Mathematically the curve is regarded as being caused by there being a
strong quadratic relationship between the first and second axes. This
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interpretation of the curve cobserved in the plots presented here would

mean that a single linear sequence could exist in this data set.

In taxonamic terms such a sequence could be a clinal or perhaps an
evolutionary relationship of gradual change fran individuals at one
end of the primary vector to individuals at the other end of the

vector.

In terms of the groupings in the classifications (names as in the
present namenclature in brackets) this would mean that there is a

gradual change from GP Q (X. latifolia) through GP g (X. pumilio syn.

X johnsonii) to GP 9 (presently identified as X. johnsonii).

The gecgraphic distribution of the individuals rules out the existence
of a major geographical cline, because the members of the group are to
sare extent interspersed with one another (see map page 2). 'The
possibility that there may be a gradual change in response to an
environmental gradient such as rainfall or precipitation/evaporation

balance is not as easily checked or excluded .

It is not clear whether this simple explanation of a curved
distribution holds true in a taxonamic sitwation. In the ecological
and artificial data sets described above (Gauch et. al. 1977, Kexlall
1971) it is known in advance that the second vector is not a valid one
(since a single linear sequence is known or presumed to exist).
However in a taxonomic situation the validity or otherwise of the
second vector camnot be known (as no single linear sequence can be
assumed, or even expected). In fact the second vector may be, and
from the BACRIV results presented here it seems reascnable to propose,
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is, a valid vector. As such the effect of that wvector on the
distribution of the individuals should not be ignored or explained

away.

This interpretation, ooupled with the stability of the groupings
produced by the classifications and the corroboration of the
discriminability of those groups by DISCRIMINANT leads to the
conclusion that the first of the two possible interpretations of the
ordination results mentioned above (i.e., that there is not a simple
linear relationship Lketween the individuals or groups) is the most
supportable. That is, discontinuities exist in the data set; the
classifications are the most biologically valid representations of the

data.

Summary of Ordination results and interpretations:

The curve of the distributed entities, presence of at least sane
discontinuities and the tendency of individuals to group i.e.
individuals placed into groups by the classification are located
closer to other members of the same group than to members of other
groups, indicates that there is not a simple linear transitional
relationship between the entities or the groups of entities as would
be seen in a clinal situation. As such a situation is nomally best
resolved and described by classification (Sneath and Sokal, 1973 etc.)
one would not expect the ordination to ke the optimal expression of

the relationship between the groups or entities.

In real life situations it may also be possible to find variation that
is not well described by either classification or ordination, and at
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the moment such situations can only be investigated to the limit of
present day techniques. It may well be that the variation present in
Xanthorrhoea fits into such a category, so that whilst the
classification approach gives the "best" interpretation at the present
time, future techniques will give a more optimal resolution of the

situation.

Relationships Between Results of the Different Classification

Techniques

The UPG classification groupings are more easily interpretable as
discrete groups in the PCQA plots (of the first and second vectors),
ard are better corrcborated in their respective DISCRIMINANT analyses

and classifications than are the ISS classifications groupings.

The Groups Compared

Figures 2.13 and 2.14 show a graphical representation of the groups in
the NO52 and the NQ78 classifications respectively.

GP 0 is a particularly consistent group as it is either the same or
consistent in three of the four classifications: It is exactly the
same in both of the 78 entity classifications and that grouping is
consistent with the NQ52 UPG result as the 78 entity classifications
GPGisnadeupofﬂeSZentityGPGwith the addition of a set of
four of the 26 “new" individuals from south-east Queensland added to
the Northern Queensland data (52 entities) to make the North and South

Queensland data set (78 entities).
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Figure 2.13 A graphical representation of the groups in the

N052 classifications.
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Figure 2.14 A graphical representation of the groups in the

ND78 classifications.
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GP Q arxd GP 8 vary somewhat between the classifications. In the 52
entity analyses there are a considerable number of transfers from GP g
to GP @, as well as same transfers to GP 6 in the ISS classification
c.f. the UPG classification. Same of the transfers to GP Q are
supported by the inclusion of same of the same individuals in the 78
entity UPG classification GP Q, but none of the transfers to GP 8 are

supported by either of the 78 entity classifications.

Northern Queensland and North and south Queensland Analyses

All four classifications indicate that there are three groups of
individuals in the data set. Each group is similar though not
identical in the different classifications. That is, each group
contains a set of the same "core" individuals in all classifications.
Within each classification matrix, as expressed in the dendrograms,
each of the groups oontains more or less eguivalent levels of internal
euclidean distance dissimilarity. However the statistics for each
group given by GSTAT show that one of the groups (GP B) is quite
variable in all classifications, especially in regaxrd to the
disordered multistate characters. The subsequent investigation of the
internal structure of this group in the 36 and 39 entity analyses has

so far failed to find any clear cut distinctions within the group.
CONCLUSIONS

These analyses indicate that there are three valid taxa in the camplex
investigated, each representing one of the three major groups consis-

tently produced by all the full data set analyses.
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One taxon (GP ) represents X. latifolia (Lee) Bedford, and its

namenclatural status is undisputed, one taxon (GP g8) contains a range

of variation which includes two types - X. pumilio R.Br. and X.
johnsonii Lee.

There is no type that falls within the range of variation of GP € ard

therefore this group requires a new name.

The classifications all indicate that the three taxa are of more or
less equal rank. As the specific rank presently applying to X.
latifolia appears satisfactory (Bedford, 1986 a), it is appropriate

that the other two groups also be accorded specific rank.

The nomenclatural position of GP g is simply resolved according to the

rules of botanical nomenclature giving precedence to the earliest

valid publication (Staflen 1983). The correct name for GP g is
therefore X. punilio R.Br. The subdivisions in this group apparent in

the dendrograms do not appear to be discrete enough to justify formal
nanenclatural recognition. However the status of this considerable
intemal variation may be clarified by further studies, most probably
based on newer investigative techniques, such as protein or iscenzyme

electrophoretic analyses.

GP @ requires a name. I propose to name this species after Alma T.
Iee. Although the practice of naming plants after people means the
loss of a valuable opportunity to convey a concise description of the
species, the discovery of this species owes its start, to a
considerable extent, to Mrs lee, who first mentioned the possibility
of its existence many years ago (ILee, pers. conm. 1973).
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In addition, Mrs Iee’'s clear thinking and astute and effective
practice of taxonamy have provided an excellent example to many
botanists, including myself, and is therefore deserving of permanent
recognition. The species will be formally published as a paper
arising from this thesis (an English description is in Chapter 5).
Formal descriptions of all these three taxa are given in chapter 5,

but are included here in an abbreviated form for easier reference:

18. Xanthorrhoea pumilio R.Br.

Trunk none or up to 60 cm long; stem simple or branched; crown 1;
leaves broadly spreading or recurved. Leaves transverse-linear to
very depressed-obtrullate or very depressed-cuneate in T.S.,
1.7-2.3 mm wide, 0.7-1.2 mm thick, green, not glaucous. Scape
50-180 cm long, rarely to 210 cm, 5-11 mm diam. Spike less than
1/4 as long as scape, 5-40 cm long, 14-23 mm diam. Cluster-bracts
obscure. Packing-bracts obtuse to shortly acute, glabrous to
subglabrous. Sepals shortly acute, without beak or beak very
short, sometimes with a short median abaxial ridge, without
proboscis, glabrous. Petals recurved, with proboscis, glabrous
except hirsute apex.

20. Xanthorrhoea latifolia (A. Lee) Bedford

Trunk none or up to 3.6 m long; stem branched or single; crowns 1
to many, each with spreading mature leaves; young leaves in t+ erect
tuft. Leaves narrowly transverse-rhombic to very depressed-cuneate
in T.S8., 2.4-10 mm wide, 0.7-3.5 mm thick, bright-green, not
glaucous. Scape 75-210 ¢m long, 7-20 mm diam. Spike shorter than
or almost equal to scape, 30-150 cm long, 18-41 mm diam.
Cluster-bracts obscure. Packing-bracts obtuse, shortly acute to
acute, glabrous to fringed with hairs, sometimes abaxially hirsute.
Sepals shortly acute to acute, without proboscis, with short beak
and median abaxial ridge, subglabrous to slightly hirsute. Petals
recurved, with proboscis, glabrous except at apex.

23. Xanthorrhoea almae sp. nov.

Trunk 10 cm to 5 m long, usually 30 cm to 2 m; stem and crown
usually 1; young leaves in spreading upright tuft; old leaves often
strongly reflexed. Leaves + quadrate-rhombic to
transverse-rhombic in T.8., 1-2.5 mm wide, 0.8-1.8 mm thick, green,
not glaucous. Scape 75-190 cm long, 7-20 mm diam. Spike 0.75-1.25
as long as scape, 20-120 cm long, rarely to 225 cm, 20-40 mm diam.
Cluster-bracts prominent only in lower portion of spike, acute to
narrowly triangular, subglabrous to moderately hirsute.
Packing-bracts shortly acute to acute, the distal 1/3 subglabrous
to moderately hirsute. Sepals shortly acute, beak absent or very
short, sometimes with proboscis, often with median abaxial ridge,
glabrous to subglabrous. Petals erect to recurved, with proboscis,
glabrous except some hairs abaxially at apex.

124



CHAPTER 3
STUDIES IN INTERGRADATION
BETWEEN XANTHORRHOEA SPECIES




3.1 Introduction

Both hybridism and, to a lesser extent, clinal variation have been
proposed to explain the apparent blurring of taxonamic boundaries and
the ocourrence of individuals intermediate between recognized taxa
{Lee, 1966 a and b). Many of these apparent intermediates have since
been recognised as distinct, though often "cryptic", species (Bedford,
1986 a and b). However, some reported examples of intermediacy remain

unresolved, as discussed below.

The taxa involved include: (a) X. fulva; (b) X. glauca subsp. glauca;
(c) X. almae; (d) X. arborea, and; (e) X. latifolia. Bedford (1986
a) discusses intergradation between (a), (b) ard (c), and Lee (1966 a

and b) mentions intergradation between all of the above taxa.
3.1.2 X. fulva and X. glauca subsp. glauca

These taxa are distinguished fram each other by the diagnostic
characters: trunk height; leaf T.S. shape; leaf thickness; scape
length and diameter; spike length and diameter; colour; shape and
hairiness of the packing-bracts; presence/absence of praominent

cluster-bracts.

These two taxa are not usually sympatric and occupy distinct

habitats. X. fulva is restricted to poorly drained, periodically
waterlogged sites on the Quatermary sands, along the coastal strip
from Wyong in New South Wales to Maryborough in Queensland. X. glauca
is restricted to well drained soils and is also usually on more
fertile soils further inland than X. fulva, most often occurring west

126



of the dividing range fram the Snowy Mountains in N.S.W. to Gayndah in

Queensland.

However, in a nmumber of sites along the coast, including Myall

ILakes National Park, Hat Head N.P., Limeburners Creck Reserve and the
coastal sands near Byron Bay, both species occur close together on the
coastal sand masses. When this happens, morphological intergradation
is occasionally observed and this has for same time been interpreted
as hybridization, e.g. Lee (1966 a and b) and Johnson (pers. comm.

1978).

The New South Wales coast from the Queensland border to the Hunter
River has many examples of Quatemary sand deposits protected by rocky
headlands. There are many sites in these extensive sand deposits
where the same taxa that meet at Myall Lakes occur adjacent to each
other. A survey of these populations was oconducted to test whether

similar situations to that fourd at Myall Iakes occurs in these sites.

3.1.3 Intermediacy between X. fulva and X. alme

In south-east Queensland there are extensive sand deposits along the
ocoast such as at Cooloola and Beerwah, as well as the offshore islands
of Stradbroke Is, Fraser Is etc. Although X. glauca is not found on
these sands, another species, X. almee (fairly closely related - see
Chapter 4) takes its eoonlogical niche, and is also saretimes seen to

appear to intergrade with X. fulva.

X. arborea and X. latifolia on the other hand are species found only

on older soils, i.e., sandstones and pre-Quaternary, "less
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consolidated" sediments respectively. These two species are very
similar in appearance. They do not usually meet, but where they do
they seem to merge into cne ancther (Lee, 1966 a). An example of such

a situation is behind Pearl Beach in Brisbane Waters National Park.

In discussions about causative factors and distribution patterns for
hybrids in the relevant literature the concept that hybrids occupy
intermediate habitats is a well accepted one, whether it is postulated
that the intermediacy is due to disturbance ‘"hybridization of the
habitat" (e.g. Anderson, 1949) or natural causes (e.g. Leach and

Whiffen, 1978).

It appears then, that hybridisation possibly does occur in
Xanthorrhoea but is restricted in distrilbution to particular
localities and environmental conditions, probably only along the east

ooast of Aunstralia.

To test this hypothesis four sites of contact between species which
were thought to hybridise were examined. Two sites, at Myall lakes
and at Pearl Beach, were examined in detail, as the major analyses,
and two sites, northern New Socuth Wales and Beerwah in south-east

Queensland, in sarewhat less detail, as subsidiary analyses.

3.1.4 Voucher specimens

In all studies samples were collected as voucher specimens kept at

SYD,
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3.2 Site 1: Myall lakes.

3.2.1.1 Materials and Methods

A mass flowering of Xanthorrhoea occurred in a swamp heath east of the
sand mining road north of Bombah PBroadwater in Myall Lakes National
Park in 1978 (Plate 3.1 and Figqure 3.1) following an earlier bushfire.
Plants growing on low dunes had a campletely different growth habit
and morphology from plants growing in the swamp. However along same
gentle gradients there is an apparent continmm of habit and
morphology from small plants in the swamp, through intermediate sized
plants, to tall trunked plants on top of the hill. On steeper

gradients there were no intermediate plants observed.

Five transects of varying length were run fram one side to the other
of this population of Xanthorrhoea covering the sand rise ard adjacent
wet heath swamp (Figure 3.2). All plants within one metre each side
of the transect line were measured, making the areas surveyed each two
meters wide. Forty plants occurred in the area covered by the five

transects.

Four transects (A, C, D, E) ran from the top of the rise into the
swamp, one (B) ran through a slight depression to an adjacent rise.

The distance from the origin was recorded for each plant.

Carolin (1971) and Myerscough and Carolin (1987) have discussed
zonation of vegetation with small changes in elevation at Myall Lakes,
and other similar situations have been reported elsewhere on the east
"coast (Clifford and Specht, 1979) and on other sand systews
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Plate 3.1 Myall Iakes Study Area. Tagged spikes along one

of the five transects in the mid ground.
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Figqure 3.1 Myall lLakes Study area location map.
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LOCATION MAP AND SAMPLE AREA
ROCKY HILLS SHOWN WITH CONTOURS AT 10M INTERVALS
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Figure 3.2 Study area and transect lay-out, Myall Iakes.

(1) Five transects are shown on a contour map of the site

layout. Al-A12 mark the positions of the first and last

plants on transect A. Transects B-D are similarly depicted.
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STUDY AREA IN BOMBAH SWAMP ,MYALL LAKES NATIONAL PARK
DIAGRAMMATIC PLAN VIEW OF TRANSECTS WITH
APPROXIMATE CONTOURS AT 10 CM. INTERVALS




(e.g. Wiedmann, 1966, cited in Newman, 1983; Whittaker, 1975; Groves
and Specht, 1978). The conclusion has also been drawn that the depth
from the sand surface to the water-table is a critical factor in
determining the distribution of many species at Myall Lakes
(Myerscough and Carolin, 1987; Clements, 1988) and in similar sand
dune enviromments elsewhere (Willis et al., 1959 a and b; Rarmell,

1959 and 1960; Onyekwelu, 1972; Newman, 1983).

Two analytical techniques have been used in the study: (a) The
numerical classification and ordination of morphological characters
using the TAXON library of programs on CSIRONET, arnd these were

campared with; (b) measurements of three ecological site factors.
3,2.1.2 Numerical Analyses of Plant Morphology.
Characters

Fourteen separate morphological features were scored for each plant,
either as ocontinuous characters (C) or as disordered miltistate
characters (IM) (Table 3.1). Characters 1- 9 were recorded in the
field, and 10 - 14 were measured or calculated in the lakoratory.
These characters were chosen because they have previcusly been proved
useful in the delimitation of taxa (Lee, 1966 a and b, Bedford, 1986

a).
Numerical Analytical Techniques
A similar suite of programs to that used in chapter 2 was applied.

. However as these analyses were carried-out at an earlier date to the
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Table 3.1 Morphological characters used in the analyses

Trunk height
Leaf width
Ieaf thickness
Ieaf T.S. shape
Leaf colour
Scape length
Scape diameter
Spike length
Spike diameter
. Ratio of spike length to scape length
. Prominence of cluster bracts
. Bract colour at flowering
. Density of bract hairs
. Bract shape
Key C = continuous, DM = disordered multistate

W1 o

[ Y e
N SR = )
EQEEOOOOOEEOOO

Table 3.2 Bquivalent names for programs in different versions of the
TAXON package

Version Nuber
1 4

MULCLAS = MSED+SAHN+DENDRO

GROUPER = GSTAT+GOOM+CRAMER

GOWER PCOR+PTPLOT

GOWEQOR = BACRIV
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final analyses for chapter 2, an earlier version of the TAXON package,
(V.1), was used (Dale et al., 1979). This wversion used the same
algorithms in wery similar analyses to those used in Version 4 as
described in full in chapter 2 but had different names for the
programs as well as a samewhat different ocutput fonmat. Equivalent
program names are given in Table 3.2 (above). Because of the
essential similarity of techniques used, readers are referred to the
rationale and detailed explanations in chapter 2 for further

information about these analyses.

The 40 plants were analyzed on the 14 equally weighted characters in
both a MUICLAS classification and in the principal co-ordinate
analysis (GOWER), with the diagnostic programs GROUPER and GOWECOR
respectively. 1These were all based on the same Euclidean Distance
dissimilarity matrix, using the strategies developed for mixed
data/character types by lance and Williams (1967) and Burr (1968).
Both Group Awverage (GA) and Incremental Sum of Squares (ISS)
clustering techniques were used in the classifications to test the
reliability and stability of the clusters (Clifford and Stephenson,

1975).

3.2.1.3 Ecological Measurements

At first sight the features of the habitat most obviously related to

the.distribution of the two taxa and their intermediates were their

relative locations and altitudes and the colour of the soil; the last

apparently due to variation in organic matter content. Measurements

were therefore made of these features together with the depth to the

water-table, which clearly relates to the altitude in these sards
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(Myerscough and Carolin, 1987).

The following site variables were measured:

(1). percentage of organic matter in the soil by the loss on ignition
technique. This seams to reflect the overall water-logging of the
soils since water-logging reduces the rate of organic decay and thus

prevents the leaching of humates

Soil organic matter was estimated using loss on ignition (Chapman,
1976). Soil samples were processed by the standard technique in use
at the University of Swydney School of Biological Sciences, i.e.
oven-dried at 105 °C then placed in a muffle furnace at 400 °C for 16
hours. The loss in weight is expressed on a dry weight basis (Table

3.3.

(2). the depth to the water-table below the surface.

Measurements of the depth to the water—table below the ground surface
were nade with a 100 mm diameter soil auger beside each plant. The
depth to the water below the soil surface was measured with a metre
rule (Table 3.3). Measurements were all made within a 24 hour period
to ensure consistency of results. Thus this is a measure of the depth
of the water-table relative to the soil surface at each point at which

it was taken Imit not a measure of average water-table over a long

periad.
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H.I. = habitat index C.H.I = cumulative total of the habitat
index. The individual habitat indices were calculated by scaling
the envirommental variables such that their lowest figure became
equal to zero and their highest figure became equal to 100, then
expressing individual measurements in terms of a range from 1-100
(except that for the organic matter in the soil habitat index the
scale was inverted to maintain the pattern of the other indexes,
i.e. the lowest figure became 100, and the highest became 0})}. The
cumulative habitat index was calculated adding the 3 index figures
for each plant.




Table 3.3 Environmental Measurements

{* means missing data).

Individuals ENVIROKMENTAL FACTORS MEASURED Can,
sanpled Habitat
Transect % Organic Altitude Water-table | Index
ne.|no, |Distance} compoment of depth {C.B.I.}
from soil | H.L. cn | LI ce | H.IL
origin (total)
Iy AL} 00 4.1 9.8 (112 jl100.0 97 § 4.4 | 293.2
2 A2 | 0.6 4.1 98.8 112 |100.0 9T | 4.4 | 293.3
i 43 [21.9 .1 j100.6 {100 89.3 [87 | 5.9 | 285.2
i At 22,2 4.0 99,1 [100 89.3 (81 [ 715.9 § 264.9
5t A5 |26.5 4.3 89.3  |102 9.1 %0 | 815 | 2h.9
6| 46 [57.0 22.5 7.8 | 6.1 |63 | 315 | 175.4
T A7 |51.5 22.3 .8 N 66.1 |66 | 37.0 | 180.%
Bl A8 [58.0 22.5 s 66.1 69 | 42.6 | 186.5
9j A9 [60.5 14.2 87.6 (65§ §8.0 jB3 | 3.5 | 1TN.1
0] A10{64.0 22.5 7.8 58 §1.8 |59 | 24,1 } 1831
11| A11}65.0 .0 67.8 {50 .6 188 [ 22,2 | 1346
12} Alzj68.0 39.9 §7.3 (13 13,3 |50 [ 8.0
131 B1 [0.0 6.4 96.9 %5 §4.8 ' ¢ '
M B2 | 1.4 1.5 5.5 |8t 12.3 * + ¥
15/ B3| 5.2 $ |60 $ $ t $
16] B4 |i0.2 ¢ b |56 3 $ $ $
17] 85 15.4 * ¢ |87 ' ¢ ¢ '
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Table 3.3 Eavironmental Neasuremeats continued (% means missing data).

Individuals RHVIRONMENTAL FACTORS KEASURED Cun.
saapled Habitat
Transect ¥ Organic Altitude Water-table | Index
no.|ne. |Distance| compenent of depth {C.H.I.)
from goil | H.L. ca | H.I. ca | B.I. | (total}
origina

18] €1} 0.0 1.8 85.2 185 5.9 |77 [ 51.4 ¢ 228.5
19 €2} 6.0 6.6 §6.6 |85 5.9 (17 | 57.4 ] 229.9
thp ¥ 2.0 6.6 96.6 |79 0.5 71 [ 46,3 ] 213.¢
2} G4 14,8 13.3 8.7 |87 1M1 (80 [ 63.0 ] 229.4
22| Cb |i6.0 13.3 88.7 |82 T (717 8.4 ] 2183
83t C6 (17.6 16.9 B4 |77 §8.8 (78 | 63,7 | 206.%
Uy ¢ 183 16.9 8.4 |75 §7.0 (18 § §9.3 | 210.7
a5y C8 |20.5  §25.8 4.2 |65 §8.0 |15 j 53.7 | 185.%

26{ €9 |30.5 88.4 0.0 § §.5 |46 0.0 4.5

21] ol | 0.0 ¥ 105 .8 N : ¢
28] B2 | 6.6 * £ 1102 91.1 L % ¢
2§ 03 L0 ¢ + 88 18.6 L ¥ ¥
301 D& {14.9 U t 80 1.4 : 3 '
31 B {311 ' LI LX) 1.3 t % $
320 b6 |37 $ L L .1 ' ' '
33y DT [36.0 $ + |50 .6 * ' $
4] D8 |42.0 t ¥ 0 0.0 L : t

3| B1 | 28,0 Qi5.0 86.1 165 §8.0 |63 | 31,6 | 175.6
6] BZ | 26.8 6.3 96.9 165 58.0 |66 { 37.0 | 191.9
3l OBY | 1146 4.6 98.9 {81 2.3 (82 | 671.0 | 238.2
38 B4} 16.0 4.6 8.4 {81 72,3 |82 (61,0 | 238.2

39 BS § 5.9 A 99.2 {86 6.8 {84 | 70.4 | 264

$0; B | 0.0 {1 8.6 103 §2.0 (100 [100.0 | 29i.6
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(3). the relative altitudes of plants (topography).

Elevation above an arbitrary datum was measured using a surveyors
Alidade. The levels were measured in am above or below the arbitrary
benchmark and are given corrected to am above the lowest point (Table

3.3).

Environmental factors (1) and (2) were presumed to be site variables
and were therefore measured across the site rather than for every
transect. Measurements were made for every plant on three of the
transects (A, C and E - one transect at each edge of the study area
and one in the centre), making twenty nine measurements for each of
these characters. Forty measurement were taken for character (3),

i.e. for all of the plants for all transects.

3.2.1.4 RESULTS - Nunerical Analyses of morphological characters of

individual plants

Group Average clustering (GA). The dendrogram of the Group Average
classification (Figure 3.3, and Appendix 3.1) has two major clusters

at about the 0.80 level of dissimilarity. However, the six subgroup
level (MULCLAS groups 64, 68, 71, 72, 73 and 74 on the dendrogram by
the .65 level of dissimilarity) was chosen for the GROUPER analysis to

examine the high lewvels of dissimilarity in the major groups.

The plants are divided into two main groups, 76 and 78, at about the
1.8 level of dissimilarity. The average plant described by GROUPER
for group 76 has characteristics of X. glauca subsp. glauca, while
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Figure 3.3 GROUP AVERAGE Classification Dendrogream, Myall Lakes.
Key: i X. fulva; //// X. glauca; XXX Intermediates.

Al, A2, ETC. ARE PLANT TRANSECT POSITION NUMBERS.
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Figure 3.03 MYALL 40 UPG ANALYSIS DENDROGRAM WITH TAXA AND TRANSECTS MARKED
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that for group 78 has most of the characteristics of X. fulva (Table
3.4). However, as is obvious from the dendrogram, both subgroups
(i.e. 76 and 78) oontain significant levels of dissimilarity and can

be further subdivided.

It iz of note that the characters used by GROUPER include the
diagnostic characters separating the two species. In the X. glauca
subsp. glauca group (76), there are three major MULCIAS subgroups (71,
72 and 74). These subgroups have predaminantly the characteristics of
X. glauca subsp. glauca with a small admixture of the characteristics
of X. fulva, as well as characteristics intermediate between these
two. In the X. fulva group (78) there are also three distinct
divisions, MULCIAS subgroups 68, 73, and 64. GROUPER indicates that
subgroup 73 has mostly the characteristics of X.fulva with only a very
amall number of X. glauca subsp. glauca c;hamcters. Subgroup 68
represents plants with internmediate morphology between the two taxa,
they have inflorescence characters similar to both taxa and are
intermediate in other characters such as leaf T.S. shape. The
characteristics of subgroup 64 are also intermediate between X.fulva

and X. glauca subsp. glauca. In this case, however, the dimensions of

the plants and their wvegetative morphology are closer to the pure X.
glauca subsp. glauca form, though still distinctly intermediate,

whilst same bract characters are closer to X. fulva.

Incremental Sum of Squares clustering (ISS).

(Figure 3.4 and Appendix 3.2)

Once again there is a major division into two groups
| representing, on the one side, predaminantly X. glauca subsp.
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Table 3.4 GROUPER Group Average classification, Myall Lakes.

order

10

Characters
Bract colour
at flowering
Bract shape
Prominence
of cluster-

brects

Bract
hairiness

Truek
height

Scape diam,
ratio of

spike length

- scape length
Spike diam.
Scape length

Spike length

Group 76
{X.glauca)

green

nost triangular
nost more than
at base-only
glabrous to

gparge

v, 79.5 ca

hv. 43 ma

Av. 5.4

Av. 59 m
Av. 45 o

Av. 233 cn

Group 78
(X, fulva

and "intermediates"

light to dark-brown

noat obiuse

nost absent some
base-only
very hairy

v, 5.7 e

dv, 1

v, 11

Av. 30 an
Av. 35 cn

Av. 80 ca

% Dissins.

13.6

13.0

1.0

10.0

8.2

8.0

8.0

1.0

1.0

6.0
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Figure 3.4 1ISS Classification Dendrogram, Myall Lakes.
Key: % X. fulva; //// X. qlauca; XXXX Intermediates.

M individuals added to the intermediates group

in this classification strategy c.f. the UPG strategy.
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Figure 3.04 MYALL IS5 DENDROGRAM
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glauca (group 76) and, on the other side, a mixture of X. fulva

and plants intemediate between the two taxa (group 78). However, as
a direct consequence of the ISS algorithm the dissimilarity levels in
this classification are much higher than those in the Group Average
classification. This is due to the intensely clustering nature of the
ISS classification, not a reflection of higher levels of dissimilarity

between the plants (Dale et al., 1979; Clifford and Stephenson, 1975).

Ordination - GOWER and GOWECOR
(Plots of the three major vectors are presented in Figure 3.5.1-3.5.3,

entity/vector scores are in Apperdix 3.3, GOWBCOR results Table 3.5)

The first vector in GOWER represents 60 percent of the total
dissimilarity in the matrix, vector 2 represents a further 10.5
percent and vector 3 a further 7.6 percent. The first three
vectors together represent 78.1 perosnt of the total
dissimilarity indicating that the oxdimation is a very
successful representation of the data in this situation

(Clifford and Stephenson, 1975).

The first vector shows the widest distribution of entities in

the data, with individuals separated by the classifications

placed at opposite ends of the primary axis, and the third group of
individuals - the apparent intemmediates - spaced between

them along the axis. The second and third vectors indicate only
minor additional influences on the data ard as such are only of

use in canbination with the first vector.
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Figure 3.5.1 GOWER Ordination, Myall Lakes,

Plot of Vectors 1 and 2.

Key: i X. fulva; //// X. glauca; Intermediates

in the middle, unassigned.

Putative ecocline shown << >>
(This is a reflection of the ecocline through its
selection effect on the taxonamic morphological

characters used for the ordination)
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Figure 3.5.2 GOWER Ordination, Myall Lakes,
Plot of Vectors 2 ard 3.
Taxonamic groupings less well defined,

therefore not marked.
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Figure 3.5.3 GOWER Ordination, Myall Lakes,
Plot of Vectors 1 and 3.

Taxonomic groupings not separated so not marked.
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Vectors 1 and 3.
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Table 3.5 GOWECOR (Gower Correlation Co-efficients) Results
for Myall Lakes analysis.



Table 3.5 GOWECOR Results Myail Lakes.

Vector 1
-, 4843 Bract colour: green 843 Bract colour: light-brown
-.3483 Scape diameter 470 Bract indumentum: densely
- 9448 Ratio of scape length to hirsute
spike length A148 Bract shape: obtuse
=913 Bract shape: linear- 4502 Scape length
triangular 6379 Cluster bracts: not
-.9138 Spike diameter prominent
-,8923 Spike length 2997 Leaf shape: cbtriangular
-, 8833 Trunk height L2499 Cluster-bracts: prominent
-84 Clugter bracts: prominent only st base of spike
for whole of spike
- 4331 Leaf shape: quadrate-
rhonbic
-.2958 Leaf thickness
- 2179 Leaf width
- 1348 Bract shape: shortly acute
Vector 2
-, 162% Leaf thickress L5401 Leaf shape: obtriangular
-.5335 Cluster bracts: act 5088 Cluster hracts: prominent
pronineat oniy at base of spike
-.3881 Leaf shape: guadrate- 3052 Bract shape: shortly acute
rhombic 753 Cluster bracts: prominent
-, 31556 feaf width for whole of apike
¥ 111] Juvenile bract colour: 1708 Bract shape: iinear-
dazk-brown triangular
- 1105 Bract shape: obtuse 1292 Bract colour:
-, 1696 Scape length light-brown
-.1292 Bract colour: green 0548 Trunk height
- 119§ Bract indumentua
- 1054 Scape diameter
-.0962 Spike length
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Yector 3

-. 3204
-, 2041

- 1394
-. 1081
- 0044
-.0919
-.0903

- 0603
-. 0265
- 01483

Bract shape: shortly acute
Cluster bracts: prominent
only at bage of spike
Spike length

Spike diameter

Bract coiour: green

Bract indumentun

Ratio of spike length

to scape length

Bract shape: obtuse

Scape diameter

heaf shape: quadrate
rhoabic

L1756
A8
L2421
L2387
2283

1402
A4

0933
0603

Leaf width

Leaf shape: obtrizngular
Bract celour: dark-brown
Leaf thickness

Cluster bracts: prosinent
for whole of spike

Trunk height

Juvenile bract colour:
light-brown

Scape length

Bract shape

14§



The GOWECOR results for the first vector showed that the

strongest elements at each end of the scale are those bract and
inflorescence characters most distinct between the two taxa

involved. Characters less distinct or intermediate between the

o taxa (e.qg. leaf dimensions and shortly acute bract shape) are less
strongly correlated with this vector and so are close to the centre of

the axis.

For the second vector, the strongest elements at the negative

end of the axis are a carbination of large transversely rhambic leaf
.T.S5. shape and absence of prominent cluster-bracts and, at the
positive end of the axis, obtriangular leaf T.S. shape,

shortly acute bracts and prominent cluster bracts at the base of the
spike. Both of these combinations represent a mixture of
characteristics of the taxa involved. As such, this vector reflects
the diversity of combinations of characters within the plants with

intermmediate characteristics.

In the third vector the strongest correlations at the negative end of
the axis are with shortly acute bract shape and prominent cluster
bracts at the base of the spike only, both intermediate
characteristics. The strongest correlations at the positive end of
the axis are broad, obtriangular 1leaf T.S. shape and, to a lesser
extent, dark brown bracts, leaf thickness and praminent cluster-bracts
present on the spike. ‘This canbination represents a mixture of X.
fulva and X. glauca subsp. glauca characters. This vector therefore
shows a further separation of intermediates not revealed by the first

two wvectors.
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Envirormental Measurements

Table 3.3 and Figures 3.6-3.10 show that there are gradients across
the site in all three factors measured. In addition a habitat index
figure is calculated for each of the factors and a cumulative total of
the habitat index figures is shown as the right-hand colum, and in
Figure 3.11. The individual habitat indices were calculated by
scaling the environmental variables such that their lowest figure
became equal to zero and their highest figure became equal to 100,
then expressing individual measurements in terms of a range fram 1-100
(exocept that for the organic matter in the soil habitat index the
scale was inverted to maintain the pattern of the other indexes, i.e.
the lowest figure became 100, and the highest became 0). The
cumilative habitat index was calculated adding the 3 index figqures for

each plant .
3.2.1.5 DISCUSSION
Numerical analyses.

Although GA and ISS classifications differ in several (finer details,
as discussed below, both give basically the same result. The two most
important differences are (i) the intemmediates group contains two
more members (C5 and B3) in the ISS classification than in the GA
classification. One new member coming from each of the other two
major groups in the GA classification, and (ii) whether the two
subdivisions of the intermediates subgroup unite with each other
before uniting with X. fulva (e.g. ISS 75) or whether they each unite
separately with that subgroup to form the overall group (e.g. GA 78).
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Figure 3.6 Envirommental Gradients, Myall Lakes.

(1) Transect A:

Altitude of soil surface and water-table level
(elevations above an arbitrary benchmark),

taxonamic classification of individual plants

along the transect, and % organic matter in the soil.

KEY
X. glauca X fulva 4,-’5:’; Intermediates

ALTITUDE ABOVE ARBITRARY BENCHMARK

_____ WATER-TABLE

---------- % ORGANIC MATTER IN SOIL

MARKS POSITION OF PLANTS ON TRANSECTS

(2) Key (Applies to fiqures 3.6-3.11)
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Figure 3.7 Environmental Gradients, Myall Lakes - continued -

Transect B:

Altitude of soil surface and taxonomic
classification of individual plants along
the transect (no data for water-table or

organic matter). Key with Figure 3.6.
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Figure 3.8 Envirommental Gradients, Myall Lakes - continued -

Transect C:

Altitude of soil surface and water-table level,
taxonomic classification of individual plants
along the transect, and % organic matter in the

soil. Key with Figure 3.6.
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Figure 3.9 Envirommental Gradients, Myall Lakes - continued.

Transect D:
Altitude and taxonomic classification of individual
plants along the transect (no data for water-table or

organic matter). Key with Figure 3.6.
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Figure 3.10 Environmental Gradients, Myall ILakes - continued.

Transect E:

Altitude of soil surface and water-table level,
taxonomic classification of individual plants
along the transect and % organic matter in the

soil. Key with Figure 3.6.
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Figure 3.11 Cumulative habitat index diagram showing relative

habitat indices for the two species and the intermediates.

Key with Figure 3.6.

157




TAXON

5

| | | | | | | I |
300 240 180 120 60

HABITAT INDEX



The ISS situation is a clearer representation of two taxa and
intermediates and also agrees more closely with the GOWER ordination

than deoes the GA classification.

The high percentage of the total dissimilarity brought out in the
first 3 wvectors of the GOWER ordination indicate that this technique
is very successful in the interpretation of this data. Clifford and
Stephenscon (1975) state that such a result implies that the data is
weakly structured, i.e. the data tends towards continuous
distribution. However this assumption is not supported by these
results as the plot of the first and second wvectors of the GOWER
ordination shows that the individuals are mostly grouped to either end
of the primary axis, with only a few individuals scattered in the
middle. The ordination result agrees well with the results of the
classifications. The most important characters indicated by GOWECOR
for the formation of the primary vector are those morphological
characters traditionally used to distinguish the taxa and also fourd
most useful by MULCIAS. That is, both the two classifications and the
ordination indicate that there are two taxa and same individual plants

intermediate between the taxa present.

Environmental measurements.

There are three clear, positively correlated environmental gradients
across the site: soil water-holding capacity; depth to the

water-table, and; the topographic gradient (Table 3.3, Figures 3.6-

3.10).
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Combined results - conclusions.

A camparison of the results of the numerical analyses and the measured
envirommental gradients, shown graphically in Figures 3.6-3.10 reveals
a relationship between the habitats of the taxa and the intermediates
with their position along the envirommental gradients. X. fulva
always occupies the lower sites, which are much closer to the water-
table and have a much higher proportion of organic matter in the soil.
X. qlauca subsp. glauca always occupies the higher sites, on the sand
rises, further from the water-table and with a lower proportion of
organic matter in the soil. In the same way, the plants with
intemmediate morphology occupy the middle ground, with intermediate

environmental conditions (also see Figure 3.6).

This is also demonstrated by the cumlative habitat index figures
(Table 3.3 and Figure 3.11). Plants identifiable as X. glauca subsp.
glauca grow in sites with cumulative index figures of 213-293, X.
fulva 4.5-207, amd hybrids 192-265. The cumulative habitat index for
X. glauca subsp. glauca and X. fulva sites do not overlap, however the
values for sites with intermediates are intermediate, and overlap both

taxa.

The relationship between the envirommental results and the ordinations
is a particularly interesting one. As indicated above the ordination
vectors can be seen to represent the taxonomic separation of taxa.
Vector 1 also reflects the environmental factors, because the
distribution of the taxa reflects those factors. It can be seen to
reflect the three envirommental gradient, as indicated on the plot in
Figure 3.5.1. Vectors 2 and 3 however do not appear to reflect any
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specific envirommental factors.

In those transects such as C ard D where the gradients were slightly
steeper however, there are no intermmediate plants, probably because
there is inadequate intermediate environment for them to establish.

Arderson amd Noy-Meir (1971) have indicated that there is little
justification for interpreting primary vectors as "main environmental
gradients" in most circumstances. Whilst this is true because the
vector should only be interpreted in termms of the morphological
characters it represents, in this situation the primary vector clearly
shows the taxonoamic and morphological gradient which follows the

putative environmental gradient, as indicated by fiqures 3.6-3.10.

The situation of hybrid plants in a "hybrid" environment demonstrated
here is similar to the numerous examples (for other taxa) in the
literature, eg. Anderson and Hubricht (1938), Briggs (1962), Leach and

Whiffen (1978).

It is difficult to determine whether the observed intermediacy of the
habitat is due to “hybridization" by the actions of man, by natural
disaster as proposed by Anderson (1949) or is naturally occurring. &as
these populations are well established plants, they are a minimum of
10 years old and are more probably in the order of 50 - 100 years old
(Gill and Imwerson (1976); and observations on cultivated plants by
the present author). As such any man-made or natural distirbance
connected with the establishment of the hybrids would have had to have
occurred many years ago. There are no signs of any such disturbance.
The nearest man-made disturbance is the sand-mining access road to
Seal Rocks. However this is both too recent to be of significance and
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is also on a different slope of the sand rise which should reduce its
effect on the area studied. It therefore appears that the

intermmediate habitat is of natural origin.

3.2.2 SUBSIDIARY ANALYSES:

3.2.2.1 NORTHERN NEW SOUTH WALES COASTAL POPULATIONS - Materials and

Methods.

Thirty six flowering or fruiting specimens were collected from sand
areas near Lennox Head, Coffs Harbour Airport (the type locality for
X. fulva), Hat Head, Limeburmners Creck Reserve, Diamond Head and a few
kilameters south of Diamond Head (Map, Fig_u:ce 3.12). These specimens
were analysed using 14 morphological characters and the TAXON package
V.4. (Data set and full results in Appendix 3.4). Because of the
essential similarity of results obtained by the UPG and ISS
classification strategies in the Myall ILakes study only one
classification technique, the UPG strategy, was used in the subsidiary
analyses. In a similar way the PCOA ordination results as plotted by

PTPLOT are only presented for vectors 1 and 2.

3.2.2.2 RESULTS

The dendrogram (Figure 3.13), ordination (Figure 3.14) and character
of the groupings of individuals produced by SAHN (as shown by GOQM and
GSTAT, Tables 3.6 and 3.7) show very similar patterns to those seen in
the Myall Lakes data set analyses.
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Figure 3.12 Map of Quatemary sard deposits

and study locations in N.S.W. and south-east
Queensland. Scale = 1:1,000,000.
Page 1.
MJ.a.rf‘owS
Thick black linesz along the coast mark the
distribution of post-Pleistocene, mainly Holocene,
sand deposits. Pleistocene sard deposits are marked
with a P inside a line bordering the area of the deposit.
(Fram D. Chapman, Geography Department, University of

Sydney) .

Locations of collections for this study are marked with

E\A
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Figure 3.12 Map of Quaternary sand deposits
and study locations in N.S.W. and south-east
Queensland. Page 2.
o nwd o rvows
Thick black lines’[along the coast mark the
distribution of post-Pleistocene, mainly Holocene,
sand deposits. Pleistocene sand deposits are marked
with a P inside a line bordering the area of the deposit.
(Fram D. Chapman, Geography Department, University of

Sydney}.

Locations of collections for this study are marked with

'\
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Figure 3.13 SAHN UPG Classification Dendrogram,

Northern N.S.W data set.

X. fulva; //// X. qlauca; XXX Intemediates.
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Figure 3.14 PCQA Ordination, Northern N.S.W. data set,
PTPLOT plot of Vectors 1 and 2, showing taxonamic

and putative environmental factors.

Key: #i X, fulva; //// X. glauca;

Intermediates between, unassigned.

Putative moisture gradient <———>
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Figure 3.14

Yectors 1 and 2.
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Table 3.6 GCOM, SAHN UPG classification, Northern N.S.W.
tre¢  CONPARISON OF ¥AJOR GROUPS PRODUCED BY SAHN

$88%  GROUP A = GP 1 + GP 68 + GP 69 ( XI. fulva and intermediates)
¢ttt GROUP B = GP 65 + GP 66 (I, glauca and backcrosses}

T0TAL CONTRIBUTLON TOWARDS THE FUSION OF GROUF A WITH GROUP B = 20.0042

GROUP A GROUP B
29 NEKBERS 8 MEMBERS CONTREBUTION
ATTRIBUTE NAME | ATTRIBUTE NO. ! ATTRIBUTE MO. ! % ! % ! ACTUAL
(STATE) !  HEAN PRESENT!  HEAN  PRRSENT! P{CUM}! VALUR
............................ YUY DU U F Y
! ! ! ! !
DHUL 6 BRACT INDUMENTUN ! a9 ! g ozt o2t L3
§7. 1 GLABROUS ! .000 ! 1.000 ! ! !
87, 2 SLIGHTLY HIRSUTE ! .089 ! 250 ! ! !
§T. 3 TOMENTOSE ! 1.000 ! 000 ! ! !
' ] ! ! 1
DKUL § CLUSTER BRACES ! 29 ! By 20! 410 3,01
§T. 1 OBSCURE ! 966 ! 000 ! ! !
ST. 2 BASE OR SPIEE ! JA12 ! 000 ! ! !
§T. 3 100% SPIKE LENGTH ! . 000 ! 1.600 ! ! !
! ! ! ! !
DHUL 4 BRACT COLOUR ! 23 ! 6 ! i 521 2.11
8T, 1 GREER ! .000 ! 1.000 ! ! !
ST, 2 LIGHT BROWN ! .T59 ! 009 ! ! !
§T. 3 DARK DBROWN ! A48 ! 000 ! ! !
! ! ! ! !
! ! ! ! !
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Table 3.7 GSTAT, SAHN UPG Classification 5 Groups,

Northern N.S.W. data set.
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GOM (Table 3.6) reveals there is one major group produced by SAHN
(64) which contains those plants most resambling X. fulva, a smaller
group (66) which contains plants and which have the characteristics of
X. qlauca subsp. glauca, and a number of smaller groups and singletons
which have characteristics intermediate between these two taxa in a

pattern consistent with hybridisation and introgression.

The PCOA ordination results in the PTPLOT plot of vectors 1 and 2
(Figure 3.14) also show a similar pattern to the ordinations of the
Myall ILakes data, with a concentration of individuals identifiable as
the parent taxa at opposite ends of the first vector, and individuals

with intermmediate characteristics spread-out between them.

Envirormental factors

Although environmental measurements were not made for these subsidiary
studies the environmental conditions were very obvious and appear to
ke directly coamparable with those at the Myall Iakes site. For
example, both at the Limeburners Creek Reserve site and at Hat Head
the specimens of X. fulva grew in distinctly swampy conditions,
surrounded by free water at the lowest extreme of the populations,
while X. glauca grew on sand hills at the edge of the swamp in
obviously well-drained oonditions. A camparison of the observed wet-
dry ecocline with vector 1 appeared to show a similarly close

reflection of the gradient to that seen at Myall Iakes.
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3.2.2.3 BEERWAH SCIENTTIFIC PURPOSES AREA.

Materials and Methods

In the Queensland Forestry Camnission Scientific Purposes Area near
Beerwah in south-east Queensland (location map, Figure 3.15) situation
similar in appearance to that described for Myall Iakes was found. A
number of Xanthorrhoea species occur close to each other in the mosaic
of enviromments created by the varying depth of a layer of Quaternary
sand overlying older substrates, mainly clays, and a varying degree of

periocdical waterlogging due to a low relief swale/dune topography.

In pericdically waterlogged areas of the deeper sand deposits are
fourd X. fulva, while X. almae occupies the drier rises on both sand
ard clder substrates. There are a number of low relief dunes and
swales throughout the area where these two species came into close
oontact, and where that happens. plants with characteristics between
the two species are sametimes found. One such population flowered
profusely in 1978. Measurements were nmade and have since been

analysed as detailed below.

Forty four flowering plants were measured for 14 morphological
characters and analysed using the same mumerical techniques as for the
Northern New Scuth Wales analyses. Summarised results are given

below, the data set and results in full are given in Apperdix 3.5,
3.2.2.4 RESULTS
The dendrogram Figure 3.16 and ordination Figure 3.17 show similar

patterns to those seen in the study areas analysed above, and results
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Figure 3.15 Beerwah Study Area location map.
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Figure 3.16 SAHN UPG Classification dendrogram, Beerwah.

Key: i X. fulva; | X. alme; XXX Intermediates.

Carbination / mixture shown: -XXX.(XX
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Figure 3.17 PCOA Ordination lst and 2nd Vectors, Beerwah.

X. fulva; A X_almee

Putative moisture gradient << >
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and can therefore be interpreted in the same way, i.e. that there are

two separate taxa and a number of intermediates present.

GSTAT and GCOM (Tables 3.8 and 3.9, Appendix 3.6) reveal that the
characteristics of the five major groups in the dendrogram are those
of the separate species involved, i.e. X. fulva and X. almae, as well
as a range of intermediates between these two consistent with the many
levels of backcrosses between parents and hybrids characteristic of
introgressive hybridisation. The comparison between the two main

groups produced by SAHN is given in Table 3.8.

The PCOA ordination plot of vectors 1 amd 2 shows the individuals
spread-out along vector 1, with individuals at one end ascribable to
X. almae and at the other end as X. fulva, with intemmediate plants at
one end. Plants with primarily the characteristics of X. fulva hut
sane characters of X. almae, which are therefore presumed to be
backcrosses from hybrids to X. fulva (SAHN GP 67) can be seen to be
closer to the X. fulva group than most of the other intemediates such
as SAHN GP 79. There is a considerably wider distribution of
individuals along the vectors compared with the Myall and Northern New
South Wales studies, where there was more concentration at the ends of
the primary vector. This may represent a situation with more
backcrosses, or possibly a more gentle environmental gradient. There
is also a greater separation of the intermediate plants along vector

2, in this analysis, in camparison with the above analyses.
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Table 3.8 GCOM, SAHK UPG Classification Major Groups, Beerwah.

$45t GROUP 4 =
skt GROUP 8 =

G 73 + 6P 79 {X.
H

TOTAL CONTRIBUTION TOWARDS THE FUSION OF GROUP A

ulva, backcrosses and intermediates)
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B
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! !

DNUL 4 BRACT COLOLR ! 2% !
S, 1 GREEN ' 200 !
ST, 2 LIGAT BROWN ! 733 !
$T. 3 DARK BROWN ! 067 !

4 1

FNUN §  TRUNE HRICHY ! 1.65 28 !
FNON T SP,SC RATIO ! 367 28 !
FNUN 6 SPIKE DIAMETER ¢ 21,815 28 !
PNUN 4 SPIRR LENGTH ! 42.719 28 !
§ !

ATTRIBUTE
HEAN

1.000
081
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v e b 4w A Sum dmm S Ame tam  cwm e
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----- e I e
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Table 3.9 GSTAT, SAHN UPG Classification 5 Groups, Beerwah.
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Table 3.9 Beerwah Analysis SAHN UPG Classification GSTAT § groups
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Envirommental factors

Once again, although measurements of the environment were not recorded
for this study, the population was spread-cut across an easily
discernable gentle slope fram swampy conditions to a drier rise. This
gradient, as well as the taxonamic gradient, appears to be reflected
in vector 1. Vector 2 can not easily be correlated with any
environmental gradient, but is rewvealed by BACRIV (Appendix 3.5) to
represent a number of intermediate morphological features of the

plants.

3.2.2.5 DISCUSSION OF SUBSIDIARY ANALYSES RESULTS

The subsidiary analyses of populations of Xanthorrhoea on Quatemary

sand deposits in both northern New South Wales and at Beerwah in
south-east Queensland show very similar pattems of variation to the

patterns seen in the populations at Myall lakes.

It is therefore reasonable to infer that these populations are also
examples of two species with different habitat preferences hybridising
with each other where they meet in the “"hybrid" environmental

conditions on ecoclines between their habitats of preference.

It is clear that wvector 1 of the ordinations can be interpreted as a
taxonamic gradient which appears to reflect a wet-dry environmental

gradient.

Thus this phenanenon is clearly not restricted to the Myall Lakes
region but rather occurs on many of the Quaternary sand deposits along
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the east coast.

3.3 - AN EXAMPLE OF OVERIAPPING BUT DISCRETE SPECIES

3.3.1 Pearl Beach

ancother exanple of intergradation proposed by Lee (1966 a) concemns

four taxa: X. latifolia; X. arborea; X. media; X. minor. Lee notes

"... two species {X. arborea and X. media) ... seem to give place to a

population in which their characters, perhaps with those of X. minor

also are merged, namely X. media subsp. latifolia [X. latifolial".

(Lee also camented that X. latifolia (as X. media subsp. latifolia)

sanetimes develops a trunk higher than its normal 1 m limit "but
perhaps only in hybrid derivatives", which she also notes occur as
“large populations of presumed hybrid derivatives ... in the coastal
ranges near Wyong, N.S5.W.". However, specimens of X. latifolia close
to its type locality (Beerwah, Qld) have trunks up to 2 m tall,
Bedford (1986 a). Thus Lee’'s hypothesis that hybridism is a necessary

precursor to the development of tall trunks in this taxon is not

supported.)

X. latifolia and X, arborea are the most similar in appearance of the

above listed taxa, but are distinguishable on a mmber of characters,
the most obvious of which are leaf width, scape length and ratio of
scape length to spike length. The two taxa are not usually sympatric
and usually occur on different substrates, with X. arborea restricted

to the sandstones in the Sydney region and X. latifolia growing on a

range of substrates, mostly other than sandstone, north of the Sydney
region to about Townsville in Queenslard. The taxa also have sare
differences in flowering pattems, with different peak flowering times
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and limited overlap in range of flowering times, with X. arborea

flowering January-April and X. latifolia flowering March-Octcher.

A site in Brisbane Waters MNational Park behind the University of
Sydney Cromelin Research Station at Pearl Beach (Figure 3.18)
provided an opportunity to investigate an apparent transition between
X. arborea and X. latifolia to see if Lee’s hypothesis was supported.
The site consists of a north facing sandstone slope which tapers out
to the sandy valley flocor. Tall X. arborea grow from the top of the
sandstone slope down to, and apparently intergrade with, X. latifolia

growing on the valley floor.

An unusually productive overlap in flowering times of these two taxa
at this site in Autumn 1979 meant that there were 21 plants with
spikes at the one time, which provided a reasonable mmber of fertile
(camplete) plants for a numerical analysis. A1l 21 plants were

measured and scored for characters.
3.3.1.2 CHARACTERS AND METHODS
The same fourteen separate morphological features were scored for each

plant, either as continuous characters (C) or as disordered multistate

characters (IM) as were used in the Myall analyses (Table 3.1).

The 21 plants were analysed on the 14 equally weighted characters as

for the Northern New Scuth Wales analyses. That is both a TAXON (V.4)
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Figure 3.18 Location map for Pearl Beach Study area.
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classification (MSED+SAHN) and principal oo-ordinate analysis
(PCOA+PTPLOT) with their respective diagnostic programs
(GOOM+GSTAT+CRAMER ard BACRIV) were performed. Both Group Average
(UPG) and Incremental Sum of Squares (ISS) clustering techniques were

used in the classifications to test the stability of the clusters.
3.3.1.3 RESULTS

Group Average clustering (UFG) (dendrogram, Figqure 3.19, data set and

dissimilarity levels in Appendix 3.6) .

By the .9 dissimilarity level there are two main clusters ard one
singleton, entity 15. Entity 15 joins the smaller of the two clusters
at the 1.27 level of dissimilarity, to fomm two clusters in the data.
Individuals in the larger of the two clusters have the characteristics
of X. arborea- and -those in the smaller cluster have the

characteristics of X. latifolia.

The three-group level was chosen for further analysis by GOOM and
GSTAT to examine the high level of dissimilarity of entity 15. These
programs (Tables 3.10 and 3.11) show that entity 15 has most of the
characteristics of X. latifolia but differs from that taxon in having
a relatively short scape (80 am) which is egqual in Ilength to its
spike, giving a spike length to scape length ratio of 1:1. As this
scape length is also shorter than usual for X. arborea in these
analyses however, this can not be taken to infer that this plant is
intermediate between the two taxa. It is most likely that this is a

"runt" plant.
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Figure 3.19 SAHN Classification UPG Dendrogram, Pearl Beach.

Key: ***x*+ X, arbored; pmuwm 2 latifolia.

182




1.60

1.20

.80

.40

.00

DISSIMILARITY

— [--] ~— - o «© g [ ] (=] -t - o3 -t -4 - o~ wy -l - - -
L 4

PR RN X R NN IR R R AR N A N AR NN N A N B SR s E S SRR ENNEEREEERERES o

1.60

1.20

.80

+40

.00



Table 3.10 GCOM, UPG Classification 3 Groups, Pearl Beach.

$t5%  COMPARISON NO. !
¥$5% GROUP A = GP 37 (L. arbores)

$$t4  GROUP B = INDIVIDUAL 15 + GP 39 {X. latifolis)
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Table 3.11 GSTAT, SAHN UPG Classification 3 Groups, Pearl Beach.
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Table 3.11 Warrah SAHN UPG Classification GSTAT 3 Groups.
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The lower levels of dissimilarity were not investigated further
because they did not appear to correlate with any visible pattermn of

variation in the population.

Incremental Sum of Squares clustering (ISS) (Dendrogram, Figure 3.20,

dissimilarity levels, GCOM and GSTAT in Apperdix 3.7).

This classification shows the entities divided into the same two
groups as for the UPG classification, although the order of joining is
different. As is usual for this clustering algorithm the
dissimilarity levels are considerably higher and the result is
apparently more "clean-cut”. For example entity 15 is no longer
placed as a high dissimilarity level singleton, although it is still

placed as the most dissimilar individual in the whole analysis.

Ordination - PCOA and BACRIV {(Figures 3.21.1-3.21.3, Table 3.12,

Appendix 3.8).

The first three vectors account for 71% of the dissimilarity in the
matrix: Vector 1 = 44%; Vector 2 = 15%; Vector 3 = 11%. According to
the gquidelines in Clifford and Stephenson (1975) such a high
percentage  indicates that the ordination is a reasonable

representation of the data.

The first vector shows the widest distrilbution of individuals ard the
most information, in cambinations with the other two vectors it shows
a clear structure in the data. In the first two plots which show the
ocanbinations of vector 1 with the other two vectors, there is a clear
division between the groupings of individuals indicated by the
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Figure 3.20 SAHN Classification ISS Dendrogram,

Pearl Beach.

Key: **++x X, arbored; g umm X latifolia.
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Figure 3.21.1 PCOA Ordination, Pearl Beach,

Vectors 1 and 2.

Kay: #%%% X, arbored; pumm % latifolia;

entity 15 highlighted by — — —— .
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Figure 3.21.2 PCOA Ordination, Pearl Beach,

Vectors 1 and 3.

Key: **xx X. arbored; g mmm > latifolia.
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Figure 3.21.3 PCCA Ordination, Pearl Beach,

Vectors 2 and 3.

Taxa not separated.
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Table 3.12 PCOA Ordination BACRIV results, Pearl Beach.
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Table 3.12 PCOA Ordination BACRIV results, Pearl Beach.

NOTE: CORRELATIONS PRINTED ARE THE CORRELATIONS OF THE ATTRIBUTE
VALUES WITH THE SCORES FOR THE VECTOR

CORRELATIONS FOR VECTOR 1

ATTRIBUTE CORREL. NO. STATE
NAME TYPE COEFF. PRESENT NO NAME
LEAF WIDTH FNUM 1 . 8250 21
JUV. CLUSTER BR. DMUL 6 . 9055 11 3
LEAF SHAPE DMUL 1 .8989 21 4
LEAF COLOUR DMUL 2 -.8989 21 1
LEAF COLOUR DMUL 2 .8989 21 2
SPIKE LENGTH FNUM 4 .8318 19
SCAPE DIAMETER FNUM 5 .7882 21
TRUNK HEIGHT FNUM 9 .7846 21
LEAF SHAPE DMUL 1 -.6939 21 2
JUV. CLUSTER BR. DMUL 6 -.6696 11 2
LEAF THICKNESS FNUM 2 .6284 21
SP,SC RATIO FNUM 7 6257 19

14 ITEMS NOT PRINTED
CORRELATIONS FOR VECTOR 2

ATTRIBUTE CORREL.  NO. STATE
NAME TYPE COEFF. PRESENT NO NAME
SPIKE DIAMETER FNUM 6 -.8139 21
BRACT INDUMENTUM FNUM 10 .7188 21
SCAPE LENGTH FNUM 3 -.5433 21
SPIKE LENGTH FNUM 4 -.4540 19
SCAPE DIAMETER FNUM 5 -.4408 21
TRUNK HEIGHT FNUM 9 .3890 21
LEAF SHAPE DMUL 1 -.3846 2] 1
LEAF SHAPE DMUL 1 -3613 21 4
LEAF COLOUR DMUL 2 .3613 21 2
LEAF COLOUR DMUL 2 -.3613 21 1
BRACT COLOUR DMUL 4 -.3452 10 2
BRACT COLOUR DMUL 4 3452 10 1
LEAF THICKNESS FNUM 2 -.2739 21
13 ITEMS NOT PRINTED
CORRELATIONS FOR VECTOR 3
TRIBUTE CORREL. STATE
NAME AT TYPE  COEFF. PRESENT NO NAME
CLUSTER BRACTS DMUL 5 -.6591 17 2
SCAPE LENGTH FNUM 3 .6410 21
AESERET B g B
RAT -
LEAF THICKNESS FNUM 2 -.4696 21
PCB’S FNUM 8 .4315 21
LEAF SHAPE DMUL 1 .4068 21 2
CLUSTER BRACTS DMUL 5 .3546 17 3
DR AT COLOUR DMUL 4 13068 19 3
ACT ‘
§5v CLUSTER BR. DMUL 6 -.2753 11 1

15 ITEMS NOT PRINTED




classifications. The plot of vector 2 against vector 3 does not show
any clear structure or trends, reflecting the lower information

content of these vectors.

It is interesting that entity 15, which is shown to be a somewhat
ancmalous mamber of the X. latifolia group by the UPG classification,
is shown as an outlier to that group by the plot of vector 1 against
vector 3, ard by the plot of vector 2 against wvector 3. It appears
that wvector 3 has been considerably influenced by this individual.
These plots therefore also suggest that entity 15 is not an
intermediate plant but is most likely a samewhat anomalous member of

the X. latifolia group.

BACRIV (Table 3.12) indicates that leaf width, leaf shape transverse
linear and leaf colour are the characters most highly correlated with
vector 1. For vector 2 spike diameter and bract indumentum characters
are the most highly correlated, while for vector 3 scape length,
cluster bracts and leaf shape 1 (narrowly transverse rhambic) are the

most highly correlated.

From these results it is not swrprising that wvector 1 provides the
best separation of the two taxa within the ordination, as it
represents those characteristics most diagnostically different between
the two taxa. It is also not surprising that vectors 2 and 3 do not
provide good separation as they represent characters not reliably

differing between the taxa.
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Environmental factors

The obviocus envirommental factors at this site are the slope amd
change in soil type (Figure 3.22). Although no specific measurements
were made of the environment the obvious factors are, to same extent,
reflected in the results, though significantly less so than in the
previous three analyses. For example, it is possible to interpret
vector 1 in the ordinations as reflecting a cambination of the slope
and soil change, as well as the obvious taxonamic change. Plants
placed at each end of vector 1, as well as being separate taxa, are
from areas towards the top and bottan of the slope. However this
analogy can not be extended too far as the distribution of the plants
was almost continuous, with a cluster of plants around the slope/soil
boundary, whereas ordination wvector 1 shows the plants quite well
separated. Also individual 15, which 1is shown in between the other
groups on vector 1, but as an outlier on vector 3 did not occupy the

environmental mid ground but was amongst other plants of its own

species.

3.3.1.4 DISCUSSION

The results of this analysis indicate that these two species do not
intergrade or hybridise at this site, even though they do overlap in
their distribution. The one individuval which does not fall easily
into either group can be seen not to be intermediate between the taxa
but rather an example of the coonsiderable occasional variation that

can occur in many Xanthorrhoea taxa.
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Figure 3.22 Diagrammatic representation of location of plants at the

Pearl Beach study area in relation to slope and soil type.
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3.4 GENERAL DISCUSSION AND CONCLUSICNS

Iee (1966 a and b) termmed all examples of intermediacy "putative
hybrids" and Bedford (1986 a) has camented that hybrids only seem to
exist on the cooastal sand dunes fram Beerwah in Queensland to
Newcastle in N.S.W., although they may also be present in similar
situations further south. He noted however that "most other plants
presumed to be hybrids are probably either taxa not yet recognised or
examples of the considerable variation that often occurs in

Xanthorrhoea species.

This belief was reflected by the formal description in Bedford (1986 a

and b) of a nunber of taxa which had previously been referred to

parported hybrids.

Examples of the hybrid swarms referred to by Bedford (1986 a) and Lee
(1966 a and b} have now been observed and documented on the Quatemary

sand masses along the east coast of Queensland and New South Wales

The studies above therefore support the hypothesis that hybridisation
does occur in Xanthorrhoea. Also, the extensive studies throughout
Australia conducted for the taxonamic revision of the genus (Chapter
5), support the hypothesis that hybridism is restricted to habitats on

the Quaternary age sand deposits along the east coast of Australia.

Figure 3.12 shows the distribution of Quatemmary sands along the New

South Wales coast.

Figure 3.23 shows the Xanthorrhoea species of eastern Australia with
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Figure 3.23 Diagrammatic representation of gene flow and species

habitat preferences.

The circles representing the species are placed in the concentric
Zones representing the- substrates on which they occur, and in the
sector of the circle representing the relative water-logging of their
habitat as indicated by the patterms in the sectors of the inner
circle. Thick lines join those taxa documented here as hybridising,
thin lines join taxa in similar situations which show signs of

intergradation, but have not yet been fully documented.
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links between those species believed to hybridise and indicates their
scil type and drainage preferences. It can be seen that all
documented examples of hybrids occur on the Quaternary sards between
species with opposite wet and dry habitat preferences. Such a
situation is also mentioned in the case of the possible hybridism

irdicated between X. australis and X. resinifera as indicated by

annotations on specimens in herb. NSW that a range of intermediates
between the taxa existed in the area where the specimens were
collected. The other example of apparent hybridism marked on Figure
3.23 occurs between X. glauca, a "well drained" species and X.
latifolia subsp. latifolia where it grows in intermediate drainage
conditions at Nelson Bay, New South Wales (Bedford, unpub. data), also
ooCurs on an apparent ecotonal situation, with X. glauca on a sand
dune and X. latifolia at the edge of the dune where sand overlies the

older soils preferred by that species.

The studies above also show that hybridism is only found where two
species meet on an ecocline (usually apparently fram wet-dry) such
that there is an intemmediate habitat with conditions not preferred by
either parent. It appears that the hybrids have environmental
preferences (7habitat drainage) intermediate to those of their parents
and are therefore able to more effectively colonise the intermediate

habitat of the ecocline than are their parents.

The causative factors for such a restricted distribution of hybrids
are not clear. Possible factors that could be considered include the
possibility that changes in moisture conditions such as increased or
decreased rainfall may be causing the development of the intermediate
habitat.
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However, other species with different moisture preferences on
different, older soils, do sametimes meet without hybridisation
occurring. For example, on the Sydney sandstones, species with a
preference for conditions with seasonally impaired drainage, such as
X. resinosa, often abut species which prefer good drainage, such as X.

media, without intermediates or hybrids ever having been found.

The Quaternary saryls are relatively new, (mostly less than 130,000
years B.P., Galloway and Kemp, 1981, and judging from sea level
records which show peak sea levels about 240,000, 200,000, and with
the highest same 130,000 years ago according to Chappell, 1983 ard
Chappell and Shackleton 1986). The habitat they provide, however,
might well be older since similar sand systems may have been formed
during the interglacials of the Pleistocene, i.e. 1,000,000 years B.P.
Such habitats may have been more limited during the warmer conditions
which appear to have prevailed before that, as there is no evidence
for pre-Quaternary coastal dunes in Australia (B.G. ILees, pers.
cam. ). Thus the sand systems represent a younger habitat than the
inland rock-based soils. Moreover, they are habitats which have
urdergone a series of sharp changes, advances and retreats deperding
upon the changing size of the ice caps, and therefore sea levels,
during the Pleistocene. These two conditions, relative youth and
fluctuating changing enviromment, are the kind of conditions that are
postulated to be the cause of inefficient barriers to gene flow, ard
thus increase the likelihood of intermediates or hybrids (e.q.

Arderson, 1949; Stebbins, 1959; Levins, 1964; Lewis, 1966).

There is some evidence in the literature to support the proposal that
hybridism should be limited to ecotones on the Quaternary sands.
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Bobrov (1982) documented hybridism in Picea which he believed to be
connected with the change of climate of “"the Quatemary and Holocene
periods”, a direct parallel with the postulated timing for the onset
of hybridisation in Xanthorrhoea. Also Levins (1964) has noted that
changing habitats favour increased gene flow between species, which is
relevant because the Quaternary sands are a changing habitat, as noted

above.
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Chapter 4
PHYLOGENETIC RELATIONSHIPS

OF XANTHORRHOEA
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4.1 Intrcduction

The cladistic taxonamic techniques enumerated by Hennig (1966) and
refined by subsequent authors (e.g. Eldredge and Cracraft 1980, Wiley
1981 and Farris 1983) have been used to infer phylogenetic relation-
ships between organisms. These principles are now generally accepted
by biologists (e.g. Kluge and Farris, 1969; Nelson, 1973, 1978 and
1982; Johnson and Briggs, 1985; Humphries arnd Parenti, 1986; lLadiges

and Humphries, 1983 and 1986; Weston ard Crisp, 1987; etc.).

These principles state, in part, that the only satisfactory way to
determine sister group relationships is on the basis of shared
advanced characters (synapomorphies). Further, when, in grouping same
taxa, the characters contradict each other in terms of direction of
change of characters or states, the principle of parsimony is applied
(Fitch, 1977; Eldredge and Cracraft, 1980 ; Farris, 1982; 1983). That
is, the grouping which involves the least number of character changes
(changes fram one state to another in any direction) is the most

preferred (thecoretically sound) phylogenetic arrangement.,

In the present study no evidence to oppose the principle of parsimony
has appeared and it has consequently been used throughcut the

following analyses.

Phylogenies inferred/proposed by algorithms operating on the above

cladistic criteria can be used to develop taxonomic hierarchies.

One prerequisite of cladistic analyses is the determination of the
direction of evolutionary change -— the polarity of character states
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for at least sare of the characters in the analyses. ‘There are two
well accepted ways of determining such polarity:

(1) by following the principle of generality of character states to
detemine which are shared primitive character states (symples-
iamorphies) (Nelson, 1973 a, 1978, Crisp and Weston 1987);

(2) by using the characteristics of an "outgroup" to choose which
state is symplesiawrphic (Stevens 1980; Nelson and Platnick 1981;
Maddison et al. 1984). An outgroup is a closely related group to that
being studied, often the sister group, which has enough characters ard
character states in camon to determine which of them are shared

primitive states (symplesiomorphic) and which are advanced states.

The outgroup method was the primary technique used here, with the

principle of generality applied as noted in the text.

A review of the literature on Xanthorrhoea and associated groups was
urdertaken for: |
(a) an analysis of the families coonsidered to be close to
Xanthorrhoeaceae, to detemmine a suitable outgroup;

(b) the outgroup was then used to infer the direction of evolutionary
change in Xanthorrhoea, and;

(c) as background information on Xanthorrhoea to augment the present

authors data on ZXanthorrhoeaispecies.
4.2 Analytical Techniques Used

Three programs were used:
(1) PAUP V. 2.4.1, (Phylogenetic Analysis Using Parsimony), (Swofford,
1985);
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(2) CONTREE V. 1.3, (consensus tree), (Swofford, 1985);
(both run on an IEBM PC-AT cawpatible camputer)
(3) MacClade V. 2.1, (Madison and Madison, 1987), run on an Apple

Macintosh computer. (for the Xanthorrhoea analysis only)

PAUP

All the initial cladistic analyses were run using PAUP (using the most
exhaustive options available for the mumber of taxa in each analysis)
because of its ready availability on the range of computer equipment

available to me, and its proven performance.

PAUP Options

Exact solutions

PAUP includes two options designed to find all possible trees, and
therefore guaranteed to find the shortest possible tree, for small
mumbers of taxa:

(a) ALLTREES (produce all possible trees), and;

(b) BANDB (the branch and bound algorithm of Hendy and Penny 1982).

Because these options are very camputation intensive the program has
preset limits to limit the mumber of taxa used. ALLTREES can only be
used up to 9 taxa, BANDB can be used for up to 16 taxa. Wherever
possible, it is more efficient to use ALLTREES rather than BANDB

(Swofford, 1983).

The number of taxa involved in the ocutgroup analysis is within the
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preset limit, so that analysis was run using ALLTREES.

Heuristic procedures

The number of taxa in the Xanthorrhwea analysis was in excess of the
limits for both BANDB and ALLTREES algoritims, requiring the use of
alternative options. These options primarily involve branch-swapping,

or rearranging tree topologies in search of shorter trees.

(¢) The "global branch-swapping” algorithms are the next most
exhaustive options available in PAUP ard "more often than not ... do
as well as the exact solution" (Swofford 1985). This is especially
true when used in conjunction with the HOLD, MAXTREE and MULPARS
6ptions set to their maximum values. These ensure that the maximm
possible number of trees are retained to be input into branch swapping
at each step, in case one of them can produce a more parsimonious tree

than can branch swapping on the shortest tree from the previous step.

(2) OONTREE

where maltiple equally parsimonious trees were found by PAUP they were
then input to the program CONTREE to produce a strict consensus tree,
so that all possible equally parsimoniocus trees could be inciuded in
further consideration of the phylogeny of the group. A consensus tree
is one which takes into account the variability of all of the
camponent trees, a strict consensus tree is a consensus tree
constructed using the Rohlf (1982) algorithm. Wwhere camponent trees
disagree the consensus tree shows a polychotomy, indicating that the
situation is not fully resolved.
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{3) MacClade

MacClade V. 2.1 (Maddison and Maddison 1987) runs on an Apple
Macintosh camputer, and makes use of the graphics abilities of that
machine to interactively create and manipulate phylogenetic trees and
to allow an interactive study of character evolution. Character
information and tree topologies are entered to MacClade using the
uilt-in editor or other appropriate program. There are numerous
options to allow the interactive manipulation of tree topologies which
allows the user to search for a shorter tree or investigate the
effects of changes in topology, rooting and character constraints.
Individual characters can be "painted" on to the tree to trace their
evolution along the branches or the "Show total changes" mode used to

trace character evolution along the tree.

4.3, Outgroup Determination

Choice of an outgroup — Inter-familial relationships of

Xanthorrhoeaceae: Information fram the literature.

4.3.1 Method

To determine the polarity of character changes within Xanthorrhoea it
is necessary to campare it with its nearest relative, i.e. its sister
group. In these circumstances the sister group is known as the

outgroup.

In the case of Xanthorrhoea there are a mmber of groups reported in
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the literature as being related to the genus. A cladistic analysis of
the groups recorded as the most closely related of these was used to

determine which was the most closely related, and therefore the sister

group.

The literature, with the one major exception discussed below, offers
little direct evidence on the close phylogenetic relationships of
Xanthorrhoea which might help in the choice of an appropriate out-
group. Most modermm authors agree in placing Xanthorrhoea in a
monogeneric family in the Asparagales, but do not offer opinion or
evidence as to the closer familial affinities (Huber 1969, Dahlgren

and Clifford 1982, Dahlgren and Rasmussen 1983, Dahlgren et al. 1985).

The most direct suggestions as to the close relatives of Xanthorrhoea,
ard therefore towards choice of an outgroup, place the group next to
the Agavaceae (e.g. Fahn 1954, Waterhouse 1967, Dahlgren et al. 1985).
Waterhouse (1967) in particular offered same cogent arguments for the
Agavaceae as a "co-ordinal" and therefore a possible sister group to
the Xanthorrhoeaceae because both of these families possess a set of
similar anatamical characters of the stem, and morphological
characters in flowers and leaves. He further camented that the
possession of the set of characters making up the monocotyledonous
secondary thickening meristem is a basic feature of those plants that
possess 1it, and therefore suggested that those groups should be
regarded as being more closely related than had been thought. The
characters listed by Waterhouse (1967) as shared characteristics of

Xanthorrhoea and the Agavaceae are given below (Table 4.1).

Waterhouse (1967) and Dahlgren and Clifford (1985) also noted that
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Table 4. 1 SHARED CHARACTERISTICS OF XANTHORRHOEA AND AGAVACEAE

AS GIVEN BY WATERHOUSE (1967).

(In cladistic termms i-vi, xi-xii are synapamorphic, and vii-x are
symplesiamorphic characters/states for the coambined clade relative to

their camon ocutgroup of the monocotyledons as a whole.)

Secordary thickening, comprising:

i. Tissue preduced externally by the
cambium is simple parenchyma, although it ultimately becomes
suberized.

ii. Tissue produced internally by
the cambium coonsists of collateral or amphivasal vascular bundles
embedded in parenchyma.

iii. The cells of the parenchyma
between the bundles are arranged in radial rows (as seen in T.S.),
each row being continuous with a cambial initial. That is, these
secondary parenchyma cells mature directly fram a cambial
derivative, ‘

iv. A single vascular cell-element
(either xylem or phlecem) is not formed directly from the
maturation of one cambial derivative as in dicotyledonous secon-
dary tissues. Instead, one, two or three adjacent derivatives
undergo numercus periclinal and anticlinal divisions to produce
the many cells that differentiate into a vascular bundle.

v. The sieve-tube cells are about
the same length as the cambial initials, i.e. they do not elongate
during maturation.

vi. The tracheary elarents are
tracheids and in any one tier not more than a few cells of the
provascular strand became tracheids. The large number (15 to 20)
of tracheids seen in transverse section of a mature bundle are the
result of oonsiderable elongation (15 to 40 times the initial
length) and intrusive growth of the pro-tracheary element as it
differentiates.
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Floral characters:

vii. The pedicel coontains 2 to 3
concentric rings of bundles (scmetimes more or less scattered), or
a ring of bundles.

viii. Both outer and inner perianth
segments have similar vasculatures and are one or three trace
phyllanes. In either case the number of veins in the lamina may
be more than the original trace number as a result of division of
the traces. This is especially camon in the single trace

iX. Stamens are one trace and one
veined segments. The traces may be adnate with perianth traces at
the early stages of their separation from the stele.

x. Carpels are wusually three-trace
phyllames. Quite frequently two or more lateral traces arxd veins
are also present; these may have a separate origin frum the stele
or they may be formed by branching of the median trace or hundle.

xi. Septal glands, which are a
developgnent of the epidermis of the intercarpellary fissures are
present.

Leaf characters:

xii. Presence of inverted vascular
bundles in Xanthorrhoea and Agave.
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cytological characters "allow for same affinity” between Agavaceae and

Xanthorrhosaceae in that both have dimorphic chramosane canplements.

There are also other, owious, shared characteristics of the two
groups such as spiral phyllotaxis and inflorescences borne on a long

bare peduncle or scape.

According to Waterhouse (1967) neither Kingia nor Dasypogon, (which
are included in the Xanthorrhoeaceae by Hutchinson, 1959) oconform to
the set of characters in Table 4.1, and he therefore believed them to
be not closely related to Xanthorrhoea. (Although, without differing
from Waterhouse’s conclusions, it will be realised that as sare of
these characters are almost certainly symplesianorphies of the
Monocotyledons as a whole, as noted below, it seems probable that at
least some of the individual characters would in fact be held in

cammon) .

Staff and Waterhouse (1981) agree that neither Kingia or Dasypogon

possess monocotyledonous secondary thickening, and also state that
Xanthorrhoea is the only genus in Aunstralia with such thickening.
However Fahn (1954), Dahlgren and Clifford (1982) and Waterhouse
(1987) list Lamardra as one of the groups with dracaenoid secondary
thickening (Table 4.2).

The most recent treatment of the Monocotyledons,. by Dahlgren et al.
(1985) notes that "The phylogenetic connections [of Xanthorrhoeaceae)
are still unsettled". They do, however, give useful information
towards an understanding of the relationships of families within the
Asparagales in their key to families, which they note "is meant to
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Table 4.2 Families identified as possessing dracaenoid secondary

thickening, and their distributions. From Waterhouse (18987).
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TABLE 4.2 Distribution of the taxonomic groups displaying
dracaenoid thickening (from Waterhouse 1987, p. 135)

Generic Group

Distribution

Agave and Yucca

Central America

North America

Nolina

Xanthorrhoea Australia

Aloe South Africa

Lomandra Australia, New Zealand, Hawaii
Cordyline Australia, New Zealand, widespread

and Dracaena

in the tropics

Aristeae (Iridaceae)

South Africa




reflect the structure of the crder”. This key brings ocut subfamily
Yuccoideae of the Agavaceae as the adjacent group to the
Xanthorrhoeaceae. The series of key leads gives an indication of the
basis for this result (Table 4.3). Although this key brings out the
two subfamilies of the Agavaceae separately the authors do not appear

to be arguing for a paraphyletic development of the family.

There are same apparent anomalies in the leads in this key. The

characters in brackets of lead 26, which lead to Xanthorrhoea, state

"inflorescence generally not scapose, rarely spicate" are incorrect
for Xanthorrhoea which always has scapose and spicate inflorescences.
Also there is more cammonality between Xanthorrhoeaceae and Yuccoideae
than appears as all members of Xanthorrhoeaceae also have linear
leaves, and some members have yellowish flowers. However the overall
conclusions are not challenged here, as they are supported by other

evidence presented in the work and elsewhere (Table 4.4).

A carbination of the concepts of Waterhouse (1967 and 1987), Dehlgren
and Rasmussen (1982), Dahlgren and Clifford (1983) and Dahlgren et al.
(1985) (Table 4.4) were used in the choice of families to include in
the outgroup comparison. Where the scoring could not be detemined
from those publications, information on character states was sought in
Trealease (1902), Cheadle, (1942, 1943 a ard b), Reynolds (1950), Fahn
(1954), Huber (1969), Tamlinson (1974), Wagner (1977), Staff and

Waterhouse (1981), Gentry (1982), and Bedford (1986 a).
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Table 4.3 SUBSET OF KEY TO FAMILIES, FRCM DAHIGREN ET AL. (1985).

(information in [] is added by the present author.)

(1) OVAYY SUPELIOY  t.iiviiesesoractatnneausonnansoancosvassss 8

(8) Fruit hard or leathery, generally capsular,
rarely a nutlet ... ..iiireeiiiitittratansiaancaaeaenanans 17 (17)

Seeds with phytomelan ... .ccoiiiiiiiiniiiiiiinieireenens 23

(23) Pollen grains not spiraperturate .......vveiiiieniaians 24

(24) Pollen grains not trichotano-sulcate ......c.ceccevve.. 25

{(25) NON tWINBIS .. .iuiesevsttoissssanssasssassssassnsssassnns 26

(26y Plants non bulbous, generally rhizamatous (inflorescence
generally not scapose, rarely spicate) ....veeveervnseesss 28

(28) Chramosare camplement strongly dimorphic (x = 30; 5 large and 25

£=114'= Y 15 1 S 29

(28) Chramosames more uniform in size and not as above [x = 11; 1
large and 10 amall]l ... ittt iaereriatirisscssenssssa 30

(29) Generally large, with short or tall woody trunk; leaves

linear, flowers white to yellowish, in panicles or racemes

Agavaceae (subfamily Yuccoideae)

(30) Large rosette plants, often with a tall woody trunk, stamata
paracytic, (flowers small, numercus, white, densely crowded

in a spike; aril lacking) Xanthorrhoeaceae
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Table 4.4 Characteristics of Woody Monocotyledonous Plants with

Dracaenoid Secondary Thickening.
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TABLE 4.4 CHARACTERISTICS OF WOODY MONOCOTYLEDONOUS PLANTS RRCORDED AS POSSESSING DRACAENGID SRCONDARY TRICKENING ' |

PAMILY| DISTRIB.| ARBORSS.| HERB. | VESSELS: PHTLLOTALY: LEAP SHAPE: | SPINES | STONATES| STONATE POSITION: INFLORRS| FLOWERS | CAPSULES| PEYTONSL.|RAPHIDES
ROOT STEK LEAF SPIRAL DISTYCH.| LINRAR BROAD SURFACE [N PITS CBANNELS WSITIOH

sowg | ) ABSENT (0 ABSENT | 0 STAPLE| 0 SCALAR| O ABSENTID ABSENT |0 PRSENTIO ABSENT {0 PRESENT0 ABSENT | 0 AMOKOC| 0 PRESBNT|D ABSENT {0 ABSENT [0 AXILL | 0 ARTIC {0 ABSBNT | 0 ABSHET |0 PRESENT
1 PRESENT|! PRESENT]) 1 ABSENT| I ABSENT ;. :f;:l;t: { PRESENT|1 ABSENT |1 PRESENT|1 ABSENT |1 PRESENT| I PARACY[ | ABSENT |1 PRESENT!1 PRESENT|1 TREXIK| 1 SESSIL|1 PRESENT( 1 PRESENTI ABSENT

T T SN PR P U FE P PR P R P M TR FE PR PR

MGV | AMBRICA | 1 1 0 0 ' 1 i ! 1 1 0 1 1 0 1 o i 0 1

ASTRL | S EBNI | 1 I 1 1 0 1 0 I ! 0 I " ' ' ' 0 1 0 '

NOLIN | AMRRICA | 1 ! ' 1 | I 1 I 0 1 ' i 1 1 ' 0 0 | 1

DRACAB| OLORTAOP| 1 I 0 I i 1 1 I 1 0 0 " ' ' 0 0 0 1 0

(# = WISSING DATA, IANTHO = Xanthorrhoesceae, AGAV = Agavacese, ASTEL = Asteliaceae, NOLIN = Nolimacease, DRACAE = Dracaenaceae, AUSTRAL = Australia, § HENI = Southern Hemisphere, OLD¥TROP = 0ld World Tropics)
{DATA FRON Dablgren and Clifford (1982), Dahlgren and Rasmussen {1933}, Dahlgren et al, (1985) and Bedford, unpub. observations).




Waterhouse (locs. cit.) argued strongly for a monophyletic development
of "Dracaenoid" secondary thickening. If this concept is combined
with the perceived importance of the presence of phytanelan in the
seed coat (Dahlgren et al. 1985), Asteliaceae, Agavaceae and Xanthor-
rhoeaceae would be brought close fogether, perhaps as "sister" groups,
with other families with secondary thickening samewhat more distantly
related.

As detailed under results arnd discussion the listing and preferred
cladogram support the hypothesis that the Xanthorrhoeaceae and the
Agavaceae are closely related, and postulates an order of decreasing

phylogenetic affinity with other families.

it therefore appears reasonable that, if one family were to be chosen
as an outgroup, the Agavaceae (ard in partlcular the Yuccoideae) would
be the most appropriate outgroup for a cladistic examination of evolu-
tion within Xanthorrhoea. However, as proposed by Madison et al.
(1984), Johnson and Briggs (1985) and Johnson (in press) it is not
intended here to chose a single family as outgroup, because of the
inevitable difficulty with autapamorphies in such a restricted group
camparison, but rather to chocse a generalised ocutgroup. The outgroup
chosen here represents the generalised condition of the set of closely
related families: Agavaceae, Asteliaceae, Nolinaceae and Dracaenaceae,
and sametimes of a larger group, the Asparagales when a character
trerd is not clear in the narrower clade represented by the fomer

four families.

The family circumscriptions given by Dahlgren et al. (l.c.) are used
here in the construction of an higher order cladogram of the
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Xanthorrhoeaceae and related families (Figure 4.1).

As discussed below in more detail Xanthorrhoeaceae is here regarded as

consisting of only Xanthorrhoea. Genera such as Iamandra, Dasypogon,

Calectasia and Kingia, included in other circumscriptions of the
family Xanthorrhoeaceae are clearly very significantly different to
X¥anthorrhoea in many features, including anatamy, and therefore would
not be suitable, on their own, as outgroups, although as part of the

Asparagales they may be relevant (references below).

Character choice and coding were carried—out for each of the groups
and a data set (listed below and also part of Table 4.4) was run using

PAUP analysis.

4.3.2 Character coding for the cladistic analysis of the Asparagales

Unless otherwise noted information as to characters and character
states was found fram Dahlgren and Clifford (1982), Dahlgren and
Rasmussen (1983) and Dahlgren et al. (1985). Other sources are noted
under the relevant character(s). Symplesiomorphic states are coded as
0 and apomorphies as successively higher integers. Missing data for

any character was coded as 9. Apperndix 4.1 contains the data set.

1. Dracaenoid secondary growth (a) Arborescence.

There is considerable discussion above which leads to the conclusion

that arborescence resulting fram dracaenoid secondary growth is a

synapciorphy for those plants possessing the character. There are

also same members of some groups which appear to have secondarily
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developad the herbaceous habit, as they have a & inactive secondary
cammbium. As the criterion for inclusion in these analyses was the
possession of arborescence with secondary growth this character was a
constant feature of the group and was therefore not scored. The
apamorphic secondary develogneﬁt of herbacecus habit was scored as

noted below.
(b) Herbaceous habit with the remants of 2° growth.

Plants which have dracaenoid secondary growth but are none-the-less
herbaceous are treated here as secordarily and independently developed
for this characteristic and are therefore scored as autapaworphic.
Because information was lacking as to whether herbaceocus members of
families other than Xanthorrhoeaceae possessed dracaenoid secondary

thickening they were scored as missing this character.

Herbaceous plants present in group (remants of 2° growth)
absent 0

present 1
2/3/4 Vessel type.

The type of vessel in various organs and direction of evolutionary
change of this character were researched from a number of sources.
The most informative sources other than those already cited were
Cheadle (1942, 1943 a and b) Fahn (1954) and Wagner (1977). In sare
instances sources differed concerning presence and type of vessel, and
in those cases either the best supported reference or, if all else was
equal the most recently researched source was followed.
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2. Vessel type - roots

simple 0

scalariform 1

3. Vessel type - stem

scalariform 0

absent 1

4, Vessel type - leaf

absent 0
scalariform 1
simple 2

5. Phyllotaxy.

The monocots as a whole have varied phyllotaxy. Dahlgren and Clifford
(1982) p. 64 cament that "the condition of spirally set (non |
distichous) leaves may be either primitive or advanced". Spiral
phyllotaxy is present in all groups in the analysis so was not
inclided in the analysis. Distichous phyllotaxy was only present in

same menbers and was coded as plesianorphic as a working hypothesis.

Distichous phyllotaxy in group:
present 0

absent 1
6. ILeaf Shape.
Broad leaves (here arbitrarily defined as greater than 20 mm wide, or

having a ratio of width to length of less than or equal to 1:10) are
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more cammon  throughout the plant kingdam than narrow leaves and this
state is therefore coded as plesiamorphic. All groups in the analysis
have some mambers with linear leaves so this character was not

considered separately.

Broad leaves in group
present 0

absent 1

7. Spines or processes on leaves.

The memocots as a whole lack spines or processes on the leaves so that
has been scored as the plesianorphic state. 2An hawlogy has been
assuned between the minute hairs on Xanthorrhoea leaf margins
(macroscopic only in X. gracilis), the processes on the margins of
other groups such as Nolina and the spines on many agaves (but not of
the fine hairs on the margins of many yuccas as these can be seen to
be due to a fraying of the edge of the leaf--an inherently different
process to the previous categories). Whilst evidence to support such
an assumption is lacking it was proposed merely as a working
hypothesis. The results of the analysis do not dispute such an
hawlogy, though they cannot be taken as support because of the

tautological nature of such an argument.

Spines or processes on leaves

absent 0

present 1
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8. Stamate type.

There are two possible classifications for stomates in the
monocotyledons, (a) using the "traditional" groupings and terminology
used above and (b) as proposed by Tonlinson (1974) based on the
divisions in cells adjacent to the stomates, which is discussed below.
In this study the classification shown was used for the purely
pragmatic reason that the relevant literature was most complete in
these terms. Dahlgren and Clifford (1982, diagram p. 98) indicates
that anomocytic stomates are the most camon form in the Asparagales

and the ILiliiflorae as a whole so that state was chosen as

plesicnorphic.

There is considerable disagreement about the validity and accuracy of
classification of monocotyledonary stamates into the above states ard
Tanlinson (1974) argued strongly and convincingly for an alternative
classification based on the pattern of dividing walls in neighboring
cells. Dahlgren and Clifford (1982 p. 101-104) discuss this
classification and note that most of the cambined clade of dracaenoid
secondary thickened plants fall into the same group (group 4) i.e.
with neighboring cells with oblique divisions. As Asteliaceae and
Nolinaceae are not mentioned in the publications which were searched

their position re this classification is not known.

It is clear that such a character should be treated with care ard
therefore one analysis was run with this character masked as a
canparison. The results showed a tree with similar topology
(differing only in being two steps shorter because the character was
not counted), indicating that this character scoring is not
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detrimental to the analysis.

Stomates

anomocytic 0

paracytic 1

9, Stamate position.

There are three possible stamate positions recorded for these groups:

a. Stomates at leaf surface present in group.

Stomates at the same level as the epidermis is logically the most
primitive state (the most common, and simplest condition throughout

the plant kingdom);

b. Stomates in pits present in the group.

Where stamates in pits are present this has been regarded as a

development fram the plesiamorphic state;

C. Stomates in papillae-lined channels present in the group.

Where stamates in channels are present this has been regarded as a

further development fram the plesianorphic state (see Xanthorrhoea

analysis character 8). It is difficult to know in advance whether
this is a synapomorphy or a series of autapamorphies. Fahn (1954)
noted significant differences in the anatomy of the leaves of mambers
of the Xanthorrhoeaceae (as circumscribed by Hutchinson, 1959), which
indicates that such a structure may have arisen independently [perhaps
as an adaption restricting water loss]. The resulting cladogram
should reveal the status of these characters (but see under results).
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All groups either had sane manbers with stomates in pits or had not
been investigated for such ard therefore had to be scored as missing
for this character. The cambinations present were:

Dracaenaceae and Asteliaceae - missing information on these
characters;

Agavaceae - lacking both stamates at the surface and stomates in
channels but with stomates in pits;

Nolinaceae - lacks stamates at the surface but has stomates in pits
and in channels;

Xanthorrhoeaosae - has all three conditions, i.e. stomates at the

surface and in pits and in chamnels.

These cambinations are difficult to compare as to evoluticnary
advancement--is a group which has secondarily lost stamates at the
surface more or less advanced than a group which has both? As a
working hypothesis these groups were scored on the basis that both the
development of an apamorphic character and the loss of a plesiamorphic
character constitute evoluticnary advancement. As such Nolinaceae is
scored as nmore advanced than Xanthorrhoeaceae because Nolinaceae has

lost the most primitive state. Cawbinations that do not occur are not

included.

Stamates  Surface Pits Channels Score
Present Absent Absent 0
Absent - Present  Absent 1
Present Present Present 2
Absent Present Present 3
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10. Inflorescence position.

As a working hypothesis axillary inflorescence position was chosen as
the plesiamorphic condition because the restriction of inflorescence
formation to the terminal position would appear to be a specialisation
from the more general state and is therefore likely to be the most

primitive.

terminal 1

This hypothesis was supported in the analysis to the extent that this
ccding was better correlated with the other characters in the analysis

than the alternatives.

The altemative coding (axillary as the apaworphic condition) was run
as analysis 2 (Apperdix 4.2) resulting in two 24 step trees, one of
which produced the same result as the above coding, showing Agavaceae
and Xanthorrhoeaceae as sister gqroups, and the other produced a
different topology with Agavaceae and Xanthorrhoeaceae as adjacent
clades. Analysis 3 (Appendix 4.3) shows the results with this
character deleted, 2 trees each 23 steps long were produced - one tree
was of similar topology to the preferred cladogram, the other showed
Agavaceae and Xanthorrhoea as adjacent clades. In analysis 4
(Appendix 4.4) this character was not polarised, and also resulted in
2 egual length trees (24 step) as in the above two alternative

analyses.
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11. Flowers.

Flowers articulated was chosen as the plesiamorphic condition because
it is hypothesised that, at least within this group, sessile flowers
are the result of a reduction in pedicel length.

articulated 0

sessile 1

12. Fruit.

The coding below followed the theory of Huber (1569) (cited in
Dehlgren and Clifford, 1982) who argued that the capsules in most
Asparagales may be interpreted as secondarily derived fram berries.

not a capsule 0

a capsule 1 _
Dahlgren and Clifford (1982) however also note that capsules "show a
central and wide distribution in the wonocotyledons" and "represent a
more original state ... in relation to berries in most cases in the
Liliiflorae". ‘This alternative view was run as analysis 5 (Appendix
4.5) giving 4 equal length trees, each with a different topology, one
showed the same topology as the preferred cladogram, another showed
Agavaceae and Xanthorrhoeaceae as sister groups but in a different
topology to the preferred cladogram and the other two brought them out

as adjacent clades.
13. Seeds.
Dahlgren et al. (1985) regard the presence of phytarelan as a

synapomorphic character for the Asparagales.
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phytamelan not in seed coat O

phytomelan in seed coat 1

14. Rhaphides in leaves.

Huber (1969), (cited in Dahlgren et al., 1985) noting that raphides
are commonly present in the Asparagales, but uncommon elsewhere, soO
this character has been scored as a synapamorphy for this group of the
Asparagales.

absent 0

present 1

4.3.3 Analyses

The groups chosen for the analysis were socored according to the above
character set, and the resultant data matrix was run using PAUP V.
2.4.1. A series of exhaustive analyses were performed using the
ALLTREES option. Since many of the polarisations listed above are
rather speculative, numerous analyses were tried with alternative
character polarities, character deletions and characters un-

polarised, to examine the effects of the various alternatives.

4.3.4 Results

4.3.4.1 Cladogram

The PAUP analysis using ALLTREES produced the single tree shown in
Figure 4.1 (Appendix 4.1). The tree has 24 steps and a consistency
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Figure 4.1 Asparagales analysis cladogram
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index of 0.708 as calculated by PAUP using the Kluge and Farris (1969)
algorithm. (Data set, full results, ard lists of character changes

ard apamorphies are in Appendix 4.1)

The tree was rooted wusing a hypothetical ancestor with all
plesiomorphic states (representing the generalised monocotyledonous
plant) defined as the outgroup in the analysis. The preferred
cladogram shows Xanthorrhoeaceae and Agavaceae as a sister—-group-pair
as the most advanced clades, with progressively less close relation-
ship with Nolinaceae, Dracaenaceae, Asteliaceae and the hypothetical
ancestor cutgroup. This topology was the most camon result of all
manipulations of the data set, and is in good agreement with other

modern concepts of the relationships within the Asparagales.

There were mumerous alternative possible cladogram topologies
resulting fram, in same cases, relatively minor manipulations of
character polarisations and scoring in the data set (appendices 2-5).
This indicates that the preferred result is not quite as reliable as
one would otherwise expect fram the production of a single tree by a
PAUP ALLTREES analysis. However the detailed examination of
hamologies of all the characters involved in this analysis is not
relevant to the main thrust of this thesis, which is primarily
concemed with the evolution of Xanthorrhoesa itself. The inportant
conclusion as far as the present work is concerned is that the
analyses do support the hypothesis that there are a number of
synapamorphies for the woody asparagales with dracaenoid secondary
thickening. In addition the majority of resulting cladograms (over
all manipulations of the data set) support the hypothesis that the
Agavaceae and Xanthorrhoeaceae are sister groups.

225



4.3.4.2 Characters

A nuuber of characters are indicated to have parallel develcpment,
that is, to not be hanologous single characters as scored. These are
(character numbers shown in brackets): (a) Stamate type (8), which is
shown to change to state 1 - paracytic - both on the branch leading to
the Asteliaceae and the branch leading to Xanthorrhoeaceae; (b} Fruit
a capsule (12), which develops both on the branch leading to
Asteliaceae and the branch leading to the Agavaceae and Xanthor-
rhoeaceae, and; (c) Phytamelan present (13) which develops two times,
on the branch leading to the Asteliaceae and on the stem leading to
the Agavaceae and xanthorrhoeaceae (d) Raphides present (14), which
also develops twice, once on the branch leading to Dracaenaceae and on
the branch leading to Xanthorrhoeaceae. The earlier oomments under
three of these characters indicated that the codings used were merely
as a working hypoﬂ'lésis because of a shortage of evidence or conflict-
ing opinions concerning their status. These results lend support to,
respectively, (a) Tamlinson’s alternative classification of stamate
types (Tomlinson 19743, (b) Huber’s contention that there may be more
than one development of capsular fruit in the monocotyledons Huber
(1969 (cited in Dahlgren and Clifford, 1982), (d) The uncertainty
concerning the status of rhaphides, Huber (1969) (cited in Dahlgren et
al., 1985). However the parallel development of phytomelan is not
expected considering the view of Dahilgren et al. (198%) that
phytanelan is synapanorphous for the Asparagales. If Dahlgren et al.
(l.c.) ard this analysis are both correct then the Asteliaceae may not
belong in the Asparagales. Alternatively either this assumption or
the present analysis need to be questioned. Further examination of
these concepts is necessary, but are outside the priorities of the
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present work.

The status of stomates in pits and stomates in channels were discussed
earlier (section 4.3.2, character 9) as their being same uncertainty
as to whether they are synapanorphic or autapamorphic. Their status
is not fully resolved in these analyses, although the cladogram shows
that the achievement of state 1 is by reversal, which may indicate

that this coding of these characteristics needs further work.

4.4 Relationships of Xanthorrhoea Species

4.4.1 Method

The family Xanthorrhoeacgae

In the past, most authors appsar to have either lumped Xanthorrhoea

with other perennial hard-leaved groups they found difficult to

classify, such as Lomandra and Acanthocarpus (e.g. Engler, 1892), or

which had a similar pachycaulous habit, such as Kingia and Dasypogon

(Hutchinson, 1959, Cronquist, 1981).

However, there is a growing body of evidence that Xanthorrhoea is not
closely related to any of these groups, and some authors indicate that
save of these taxa should not be placed in the same, or even closely
related, families (Fahn, 1954, Waterhouse, 1967 and 1987, Chanda and
Ghosh, 1976, Huber, 1969, Dahlgren and Clifford, 1982, Dahlgren and
Rasmussen, 1983 and, Dahlgren et al., 1985). Waterhouse (1987) went
so far as to state "Hutchinson’'s family Xanthorrhoeaceae is
monstrously unnatural”, mostly on the basis of his research which
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found "that the pachycaulous habit in members of the Xanthorrhoeaceae
(sensu Hutchinson] 1is the expression of two fundamentally different

processes”.

The most modern and supportable circumscription of the family
Xanthorrhceaceae is that of Dehlgren et al. (1985) and restricts the
family to solely ZXanthorrhoea. This family circumscription is

followed here.

Direction of evolutionary change

In general the polarity of characters (direction of evolutionary
change) 1is determined by the determination of the outgroup(s) ard
therefore the hypothetical ancestor of the group under discussion.
One character, Dracaena-like secondary thickening, is of particular
note because of its importance as recognised by a mumber of authors-
as discussed elsewhere (both above and below) - and sare apparently
conflicting views of its nature as it is variously discussed in the
literature as Dbeing either advanced, (either hamologous or
independently developed) (Dahlgren and Rasmussen 1983), or primitive

(Waterhouse 1987).

Waterhouse (1987) argued that the development of those groups
possessing this character is monophyletic, and that the character is
an "ancient" feature for the group. Dahlgren and Rasmussen (1983)
ocament that "the woody habit in combination with secondary thickening
constitutes a synapomorphy for some of the woody Asparagales with a
thick trunk.". They also, samewhat contradictorily, say that "...
secondary thickening may have arisen separately in each ..." of the
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groups (which would make this feature an autapamorphy in each group).
This latter is her considered to be highly unlikely, and this
character is therefore regarded as having a monophyletic development,
and as constituting an homologous character held in common. Thus it
is "primitive feature" within Xanthorrhoea (a symplesicmorphy), though
it is an advanced feature held in camon {(a synapaworphy) for the
canbined clade of the woody Asparagales with that character state.

Evidence for this view camnes primarily from Waterhouse (1967 and 1987)
but also fram the cobservation that all groups that possess Dracaena-
like secondary thickening have members which have secondarily reduced

development of the cambium and woody trunk.

4.4.2 Character coding for cladistic analysis of Xanthorrhoea.

Unless otherwise specified 0 represents the plesiamorphic state with
reference to either the cambined clade Agavaceae/Asteliaceae/Xanthor-
rhoeaceae, or to the Asparagales as a whole, and progressively higher

states represent successive apanorphic changes. Missing data is coded

as 9.

CHARACTER STATE CODE

1. Trunk tall >60 am 0
medium > 0 < 60 1
none {(ever) 2

Waterhouse (1967, p. 68) notes that "The arborescent habit is ....

considered a primitive condition within the genus, and the herbacecus

habit derived." He argues this on the basis of the presence in

Xanthorrhosa of Dracaena-like secondary thickening, (which he says has

a "whole set of features that are not found elsewhere"). This charac-

tér is found in a nurber of groups and is therefore unlikely to have
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evolved separately in ZXanthorrthoea as a parallel development. He
further argues (p. 71) that secondary thickening is intimately
correlated with arborescent habit ("a fundamental feature of this
habit is the contribution of a cambium to its developrent"). Such an
assertion is supported by evidence in Xanthorrhcea where arborescent
species have a well developed cambium and herbaceous species have a

poorly developed cambium ("vestigial”).

For these reasons, in these analyses arborescence has been coded as
the plesiamorphic state. Observations of the genus have identified
two levels of arborescence. Same species that have the ability to
develop truriks never exceed a medium short height of about 60 onm,
while other species can became truly arborescent with trunks to 5 or

rarely 6 meters.

[Note: Agavaceae, Asteliaceae and Dracaenaceae all have sane menwbers
which are arborescent and other members with short or absent aerial
trunks. The argument that secondary thickening and arborescence are
fundamentally linked and are the symplesiamorphic condition (within
the canbined clade BAgavaceae/Asteliaceae/Xanthorrhoeaceae) for all
those groups possessing this character has significant implications
for these groups also. The examination of this hypothesis is,

however, outside the scope of this studyl.

Ease of development and reversibility of arborescence.

If as Waterhouse argued, arborescence is causally related to an active

cambium then, as all species of Xanthorrhoea possess a cambium, it

appears likely that this character could undergo multiple developments
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and reversals by switching the cambial activity on or off.

2. Stem branching

position above ground 0
below ground 1
un-branched 9

This character was not polarised in the analyses, because the

symplesiamorphic state could not be established.

3. No. of crowns one 0
two or three 1
more than three 2

The symplesiamorphic form in the combined clade (also the simplest and
most camon  condition) is for single main stems, sometimes with few

branches above ground level.

4. Leaf shape aobtrullate )
obtriangular ) 0
concave )
narrowly quadrate-
rhambic
quadrate-rhambic
irregularly rounded

(TR e

The symplesiamorphic leaf shape in the monocotyledons as a whole is
for brocad leaves of various shapes. Camon leaf shapes in the
canbined clade are concave, obtrullate and obtriangular, so these have
been regaxrded as being equivalent plesiamorphic states, with
successive apomorphic states being the trend towards a narrower leaf
shape. State 3 is coded as the most advanced because it is quite
different frum the other shapes, which can be seen to be more closely

related to each other than to statel3.

whether a ZXanthorrhoea leaf with one of the broader shapes is truly

hamologous with a broad leaf of the same shape in the canbined clade
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is unknown. The anatomical structure of leaves in the different
groups is most probably different, Fahn (1954) certainly fourd
significant differences in anatamy within Hutchinson’s Xanthor-
rhoeaceae, and there are many obvious differences in that many of the
Agavaceae have specialised succulent leaves. It is therefore possible
that leaf shape in Xanthorrhoea has secondarily and independently
developed the broader leaf shapes from the simplest form——the
quadrate-rharnbic leaf shape.

5. Leaf width broad >4 mm 0
medium 2-4 mm 1
narrow <2 mm 2

See leaf shape above.

6. Leaf thickness thick »>2.5 mm 0
medium > 1.5 <2.5 1
thin <1.5 mm 2

See leaf shape above.

7. Leaf colour glaucous, i.e.
gray or blue green 0
green 1

Glaucous leaves are a camon state in the Agavaceae, and could
therefore be presumed to be the plesiamorphic state for the combined
clade. However non-glaucous leaves are the plesiaworphic state for
the Monocotyledons as a whole. Because it is unknown which state is

plesiamorphous this character was left unpolarised.

8. Ieaf stamatal superficial or in pits 0O
arrangement in channels 1

Stomates at or near the leaf surface are the plesiamorphic condition

for the Monocotyledons as a whole, and are also the most camnon state
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in the cambined clade. However stamates in  subsurface channels over-
arched by papillose hairs have also been recorded elsewhere - in
Lamandra and Acanthocarpus, by Fahn (1954}, and have been observed in
specimens of Nolina growing at the Royal Botanic Gardens, Sydney, by

the present author. It is not clear whether these occurrences are

hanclogous, or parallel developments, however the latter is a
possibility as Fahn (l.c.) has noted that such an arrangement is one

means of reducing water loss fram the plant.

9. Scape length <lm
>1m<2m
>2 m

N O

Both long and short scape lengths are found in the combined clade, so
that camparison does not assist with determining the direction of
evolutiocnary change in this character. The longer scape lengths would
appear to have a functional adaption towards wider seed distribution,
arxd may therefore be an advanced state. Both long and short scapes
are present in the Agavaceae so that camparison does not assist in
coding for these analyses. Trial runs of the analyses indicated that
the most parsimonious choice was as ooded above, however because of
the doubt about which state is plesiamorphic this character was left

unpolarised. See also caments under ratio.

10. Scape diameter >1 cm
<l camn

= O

The direction of evolutionary change is not clear for this character

either, as both thin and thick scapes are found in the combined clade.

The thinner scapes are more flexible, and therefore may help in seed

dispersion, and because they are less strong would also tend to
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restrict successful pollination events to those involving the smaller
pollinators. As such one line of logic would suggest that these are
the more specialised. However, to avoid prejudicing the results the

character was left unpolarised.

11. Ratio of

Spike length divided

by scape length
>2
>1.5<2
-1
<1l > .5
<.5>.2
<.2

b W N - O

There is a clear trend fram one extreme of the range of proportions to
the other, but the direction of the trend is not clear.
The species of Xanthorrhoea with the most primitive trunk characters,

e.g. X. australis also have the highest spike length divided by scape

length ratios, as they have long spikes and short scapes, which
implies that these may be the most primitive conditions. However, as

above this character was left unpolarised.

This character is divided into states after a examination of the
pattern of variation in the genus, however because of the variability
inherent in the genus the division is, to some extent, an arbitrary

ane.

12. Spike length >2 m 0
>l m<2 m 1
<l m 2

Both long ard short spike lengths are found in the combined clade, so
that camparison does not assist with determining the direction of
evoluticnary change in this character. The longer spike lengths would

appear to have a functional adaption towards greater seed production,
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but this oould be either a primitive or an advanced state. Many
species of Agavaceae also have long spikes or inflorescence lengths,
so the possibility exists that this is the plesiawrphic state. 2As
ahbove this character wvas run unpolarised - see also caments under
ratio.

13. Spike diameter > 20 mm
< 20 mm

= o

The direction of change of this character is not clear so it was not
polarxised.

Bract characters

These characters are scored on the premise that bracts are derived
from leaves ard that therefore the most leaf-like bracts are the most
primitive. Thus bracts that are green, glabrous aryd the most leaf-
like shape are scored as the plesiamworphic state. This situation is
seen clearly in the cambined clade in subtending or cluster bracts,
which are often very similar to the leaves, and appear to function as
reduced leaves, as they are green. Supporting evidence is also found
in Xanthorrhoea where the more massive plants, such as X. australis,
which, it is argued, are the 7nost primitive species, also have the
most massive spikes, ard most prominent subulate glabrous bracts. It

is therefore argued that these are the plesiamorphic states.

14. Cluster bracts very praminent (100%) 0
pramninence slightly pram (10 cm) 1
base only ) 2

obscure 3

15, - shape subulate
linear triangular
acute
shortly acute
obscure

WwWwhNhHO
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16. -~ indumentum glabrous 0
subglabrous 1

fringed 2

hirsute 3

4

densely hirsute

Packing bracts

Because it is difficult to judge the hamologies of characters 17
and 18 with characteristics of members of the outgroup these

characters were not polarised,

17. - shape  subulate
linear triangular
acute
shortly acute
cbtuse

B WO

18. - indumentum glabrous
subglabrous
fringed
hirsute
tanentose

oW e O

19, = colour green
dark
dark or )
pale hairs) 9

= O

Floral characters

An outgroup camparison reveals that large "hooded" or “beaked" tepals

(the latter term fram Bedford, 1986 a), glabrous except for papillose

structure, are present as the most common form in other taxa of the
Agavaceae (fram Gentry, 1982, Dahlgren et al., 1985 and an examination
of flowers of Yucca and other genera growing at the Royal Botanic
Gardens, Sydney). It is not known if such structures are homologous
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with petals in Xanthorrhoeaceae, but that is the most parsimonious

hypothesis.

Sepals

20, - beak present 0
absent 1

21. - proboscis present 0
absent 1

22. - indumentum glabrous 0
subglabrous 1
partly hirsute 2
hirsute 3

Petals

23. - size large / prominent 0
small 1

24, - shape erect 0
erect to
slightly recurved 1
recurved 2

25. - proboscis present 0
absent 1

26. - indumentum glabrous : 0

hirsute 1
4.4.3 Analyses.

PAUP was used for the initial examination of the evolutionary

relaticnships of Xanthorrhoea taxa.

The program was run in the most exhaustive options available for this

number of taxa: i.e global branch-swapping with MULPARS ard the
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maximm settings for the MAXTREE and HID options of 100 and 25
respectively, run in batch mcde so that MULPARS would autcmatically be
switched off to allow branch-swapping to continue if the maximum value

for MAXTREE was exceeded (Data set and full results in Apperdix 4.6).

The trees found by this analysis were then input to the program
QONTREE to produce a strict oonsensus tree, so that all possible

equally parsimonious trees could be included in a synthesis.

The topology for the consensus tree was then used in MacClade to
investigate the position and direction of character changes on the
tree. This was accamplished using the "SHOW TOTAL CHANGES" mode.
These changes were then incorporated/superimposed on the consensus
tree diagram to show a tree in which the length of the branches
reflect the amount of change along the branch, and the position and

direction of character change are clear.

Most MacClade options are duplications in one way or ancther of PAUP
options. The main option not in PAUP is the ability to interactively
investigate the effects of moving branches fram one clade to another,
to see if a shorter tree can be found. This option was not relevant
to this analysis as PAUP had already produced the most parsimonious
individual trees, which had then been used to produce the consensus
tree. MacClade was therefore used only to trace the evolution of
characters, as these are more easily cobserved in MacClade than by

using PAUP output.
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4.4.4 Results

4.4.4.1 Cladogram

The PAUP analysis gave 18 equally parsimonious trees, each 181 steps
long (appendix 4.6). Figure 4.2 shows the consensus tree and Figure
4.3 the same tree with branch lengths reflecting the number of
character changes on each branch by each branch being "painted" with
the characters and their changes. Two trees are presented because
they are camlerentary: Figure 4.2 shows the branching pattern most
Clearly; Figure 4.3 carries additional informmation about character
evolution. In the discussions below the number of the taxon in the
analysis is given in brackets after its name, e.g. (1) stands for the
first taxon in the data matrix, or shown in the nested bracketed
format used to designate tree structure in cladograms, e.g. (1(2,3)
shows taxon 2 and 3 to be a sister-group-pair with taxon 1 the next

branch on the cladogram (Swofford, 1985, Madison and Madison, 1987).

The consensus tree produced fram these 18 trees (Figures 4.2 ard 4.3)
shows that there is a high degree of congruence of the input trees.
That is, the majority of the taxa were always assigned to the same

clades in all trees.

The main differences between the 18 equally parsimonious trees involve

only a small proportion of the taxa. Only X. brevistyla, X.

latifolia subsp. latifolia, X, latifolia subsp. maxima, X. arborea, X.

acanthostachya and X. australis varied in their position in the dif-

ferent analyses, causing the three polychotomies on the consensus

tree. X. brevistyla (8) had the most variable placements with three

239



Figure 4.2 Xanthorrhoea analysis consensus tree 1
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Figure 4.2

CONSENSUS TREE DERIVED FROM 18 TREES EACH 181 STEPS
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Figure 4.3 Xanthorrhoea analysis consensus tree 2
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quite dissimilar alternatives, each of egqual frequency (six of each
altemative): as adjacent clade to the two subspecies of X. brunonis
(6)+(7), i.e. (6,7)8); as three steps removed fram the sister group of
X. acaulis (24) and X. arenaria (29), i.e. (8(((24,29); and as two

 steps removed from X. caespitosa (28), , i.e. 28))8). There was much

less variation in the placement of X. latifolia subsp. latifolia, X.
latifolia subsp. maxima and X. arbores with two alternate equally

frequent groupings: with X. latifolia subsp. latifolia (18) and X.

latifolia subsp. maxima (19) as a sister-group-pair and X. arborea
(20 as adjacent clade i.e. (18,19)20); and X. latifolia subsp.

latifolia and X. arborea as a sister-group—pair with X. latifolia

subsp. maxima as the adjacent clade, i.e. (18,20)19). There were two

alternative positions for X. acanthostachya (32) ard X. austrelis

(33): these were rescolved as adjacent clades twelve times, i.e.

32)33); and as a sister-group—pair clade six times i.e. (32,33).

Although their exact position within their clade is not resolved, four
of the six taxa involved in polychotamies are part of larger clades,
and are thus reasonably well resolved in temms of the overall

analysis. X. acanthostachya (32) amd X. australis (33) are also

better resolved than is apparent from the consensus diagram as the
individual trees show them to be closely associated only with each

other, not with any other taxon.

Thus there are nine clear clades in Figure 4.2, as well as the

unresolved X. acanthostachva and X. australis, which form either one

sister-group-pair clade or two adjacent clades, in the analysis.

These clades, named after the most "advanced" member (the member with

the most changes in its lineage) are listed below in order from that
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with the most character changes, i.e. apamorphies (most advanced) to

that with the least changes (most primitive):

canprising X. macronema, X. gracilis,

X. concava, X. fulva, and X. I&BH@M }

X, minor clade - camprising both subspecies of X. minor

X. macroneama clade

X. bracteata, X. acaulis, X. arenaria,

X. caespitosa, X. brevistyla and both

subspecies of X. brunonis;

X. nana clade solely X. nana;

X. drummondii clade solely X. drummondii;

X. pmilio clade - X. platyphylla, X. preissii,

X. quadranqulata, X. pumilio, X. media,

hoth subspecies of X. latifolia and

X. arborea;

X. thomteonii clade

solely X. thormtonii;

X. malacophylla clade - X. malacophylla and X. almae;

X. glauca clade both subspecies of X. glauca;

X. semiplana clade both subspecies of X. semiplana;

with X. acanthostachya and X. australis occurring above the X.

semiplana clade as either one sister-group-pair clade or two adjacent

clades.

4.4.4.2 Character Evolution

The consensus tree with the character changes revealed by MacClade’s

"show changes" function demonstrates the evolution of individual

characters along the tree. There are, however, sare limitations in

MacClade which mean that this process may not reveal all character
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changes. Sare portions of the tree are shown as having '"no
unanbiquous changes". This does not necessarily mean that there are
no changes along this section of the tree, but only that the program
is unable to "be sure" what is there. This sitwation can arise on a
branch which leads to two terminal taxa with conflicting states for a
character. However, for the majority of the characters, the program
does allow a clear graphic representation of character evolution, and
the results are detailed below. Positions of change on the main stem

are marked with letters A-M on Figure 4.3.
1. Trunk height.

This character shows (a) three parallel changes to state 1 - medium
trunk height - (on the main stem of the tree at ‘H'; on the branch
leading to X. pumilio and X. media; on the branch leading to X.
platyphylla), (b) two parallel changes to state 2 - no above ground
trunk ever developing - (on the main stem at “K'; on the main branch

leading to the X. minor clade. There are no reversals.

This character is therefore not one hawlogous character, but rather a
mmber of parallel superficially similar characters. Such a result is
not surprising considering the discussion above of the purported
interrelationship between arborescence and degree of activity of the
secordary thickening cambium, and tends to confirm such a

relationship.
2. Stem branching position.

This character 1is shown to be a reliable single-development character
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with a single change to state 1 - branching below ground - (at “I* on

the main stem), and no reversals.

3. HNumber of crowns.

There are nmultiple parallel changes and reversals. The character
changes to state 1 - two or three crowns — at the root of the tree,
but has numerous reversals to state 0 - a single crown. There are

five separate parallel changes to state 2 - more than three crowns.

The pattern of change of this character indicates that the number of
crowns is of little evolutionary significance and may be controlled by
a simple physiological mechanism such as switching on or off of the

developrent of the axillary shoot meristems.

4. Leaf Shape.

There are multiple parallel changes and reversals of this character.
This may indicate that this character has not evolved from the leaf
shapes camon to the outgroups as hypothesised by this scoring
pattern. 2n alternative hypothesis is that leaf shape may evolve in
response to environmental conditions, and as such could be expected to

have multiple separate developments.

4. Leaf width.

This character has a single change to state 1 - medium width leaves-

(at ‘B’ on the main stem), but two parallel changes to state 2-

narrow leaves - ( at X. acaulis; X. quadranqulata). ‘There are five
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reversals to state 0 - broad leaves.

This result indicates (a) that the narrow leaf state is not truly
hamologous, and (b)) the mmltiple reversals to state 0 may indicate
that, similar to character 4, the character has evolved in response to

environmental conditions.

6. ILeaf thickness.

There is a single change to state 1 - medium thickness leaves - on the
main stem at "B, but four parallel changes to state 2 - thin leaves.
There is one reversal to state 1 on the branch leading to X. arborea.
That is, the change from thick to medium leaves happens only once, and
is part of the main evoluticnary line of the genus, but the change
from medium to thin leaves is a localised phenomenon with parallel

changes to four non homologous thin leaved forms.

This character therefore shows a similar pattern to the two leaf
characters above, indicating that, at least in its final step, the
change may be in response to localised, possibly envirormental,

pressures.

7. Ieaf colour.

State 1 - green leaves - has arisen six times as a parallel

development. That is, green leaves in different groups are not

hawlogous. There are no reversals to the symplesiamorphous state.
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8. Leaf stamatal arrangement.

This is a reliable character, with a single change to state 1-

stomates in channels - on the branch leading to X. macronema and X.

qracilis.

9. Scape length.

There are three parallel changes to state 1 - medium length scapes-
all on minor branches of the tree. There is sare uncertainty about
the change to state 2 - long scapes - which is shown as a parallel

change on two adjacent taxa X. latifolia subsp. Jlatifolia and X.

latifolia subsp. maxima because of disagreament in the constituent
individual trees that make-up the consensus tree. As discussed more
fully elsewhere some trees show these taxa as a sister-group-pair and
other trees show them as adjacent single taxon clades. Parsimony
would tend to support a single development of the character, but there
are obviously considerations fram changes in other characters for
which the most parsimonious change requires this to be a parallel
development. It is easy to imagine the parallel development of this
character if the mechanism of its formation is a simple one such as
elongation of tissues. Unfortunately, howewver, it is not possible to
mke a decision on this because the mechanism of elongation is
wmknown.  (Staff (1976) discussed the growth rate of the inflorescence
of one species but did not investigate whether elongation is due to

cell multiplication, cell expansion or other means.)
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10, Scape diameter.

There are three parallel changes to state 1 -thin scapes - all close
to the level of temminal taxa, indicating that there are three non
hamologous types of thin scapes in the genus. It would be interesting
to test this conclusion by examining the anatany of these scapes to
see if any oonsistent differences exist between the groups. The

character is not of major evolutionary significance.

11. Ratio of spike length divided by scape length.

There are numerous parallel developments at all except one of the five
states (except that any changes to state 1 were not shown by MacClade,
arnd, as such, is an example of the problem with the "no unambiguous
changes” result from MacClade, as mentioned above). In addition the
patterns of change do not follow the pattern proposed by the scoring.
State 2 - ratio of spike length divided by scape length approximately
1:1 - developed three times in parallel, each case representing a
change fram state 0 directly to state 2. State 3 - ratio of spike
length divided by scape length greater than .5:1 bit less than 1:1-
arose two separate times, one change being state 1> 2— 3 the other
being state 0 — 3. State 4 - ratio of spike length divided by scape
length less than .5:1 but greater than .2:1 - also arose two separate
times, both representing a transition fram state 3 to state 4. State
5 - ratio of spike length divided by scape length 1less than .2:1-

arose only once: on the branch leading to X. macronema and X.

gracilis, as a change fram state 2 -> state 5. There are three

reversals to the plesiamorphous state 0.
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It is clear that more than one evolutionary state (character) is
represented here, as although similar in appearance, occurrences ooded
here as states 2, 3 and 4 are not hamlogous.

12. Spike length.

The change to state 1 - medium length spikes —occurs at the first step
on the main stem: ‘A", The second state - short spikes - occurs
twice, in parallel: at “H' on the main stem, and; on the terminal

branch leading to X._ acanthostachya. There are two reversals to the

plesiamorphic state, both of single taxa.

Apart fram the single, non hawologous occurrence of this character at

X. acanthostachva, it appears to represent a reliable evolutionary

transition.
13. Spike diameter.

This character has three parallel developments to state 1 - thin
spikes - all close to terminal branches. The evolution of this
characteristic roughly parallels that of scape diameter, and similar

conclusions can be drawn as for that character.
14. Cluster bract prominence.

State 1 - slightly praminent cluster bracts - depending on

interpretation shows one or two forward developments, the first is

clearly such: at ‘D' on the main stem, but the second may be

interpreted as a “"reversal”: on the penultimate branch leading to X.
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minor to which it takes an indirect route: state 1> 3—» 4> 1. That
is, it is a forward development but only after an earlier reversal.
State 2 - praminent cluster bracts restricted to the base of the spike
- also has two possible interpretations oconcerning forward development
because of the change before X. minor subsp. lutea. This development
is not a direct one, rather it is by a round-about route: state 1 4-
> 0~ 1— 2, and may therefore be interpreted either as a forward
development or a reversal. The reversals to state 2 are clear: before

X. platyphylla and X. media. State 3 - obscure cluster bracts-

develops only once: on the main evolutionary stem at "E*. There is

one other reversal: to state 0 before X. caespitosa in the X. minor

clade.

The evolution of this character is thus quite oamplex, and therefore
difficult to interpret. If the character does represent one
evolutionary characteristic it is an easily reversible one, and could
therefore be regarded as being of lower wvalue than other, more

reliable characters.

15. Cluster bract shape.

State 1 - linear-triangular - develops only once: on the main stem at
‘E'. State 2 - acute - develops twice, in parallel: below the X.
latifolia clade; before X. almae. The change to state 3 was not
revealed by MacClade, which indicates that it was hidden by the "no
unambiquous changes” problem menticned above. There is one reversal
to the plesiamorphous state: on the penultimate branch leading to X.

arenaria and X. acaulis.
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The change to state 1 is therefore a reliable evolutionary indicator,
but the change to state 2 is actually two separate changes to non

hamologous characters.

16. Cluster bract indumentum.

Only cone apoamorphic change is revealed by MacClade, to state 1-
subglabrous bracts - which occurs on the main stem at C. There are
two reversals to the symplesiamorphic state: on the ultimate branch to
X. arenaria and on the ultimate branch leading to X. bracteata. Thus

the character is a reliable indicator of evolutionary change.

17. Packing bract shape.

The only occurrence shown for state 1 - linear triangular bracts - is

as a reversal: at X. thorntonii. State 2 - acute bracts - is achiewed

at ‘C’ on the main stem of the tree. There are three parallel changes
to state 3 - shortly acute: on the main stem at ‘J%; at X. minor

subsp. minor; at X. platyphylla. State 4 is reached twice: at X.

fulva; at X, pumilio. ‘There are two reversals to state 0 - subulate

bracts: at X. arenaria; at X. caespitosa.

The evoluticnary pattern of this character is different to that
proposed by the scoring pattem used in the analyses. The pattern of

evolution on the tree is:
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171

170 - 142 =173 — 174

1

So that linear triangular bracts are ‘'"more advanced" than acute
bracts, there are three different types of shortly acute bracts and
two different types of obtuse bracts. Such a result is not surprising
as the bracts are difficult to classify into what are, after all,
artificial oconcepts of similarity of shape, (a comon feature of

morphological characters).
18. Packing bract indumentum.

State 1 - subglabrous bracts - develops once: on the main stem at Ct.
State 2 - fringed bracts - develops twice, in parallel: on the main
stem at ‘G'; on the branch leading to X. latifolia and X. arborea.
State 3 - hirsute bracts - occurs twice: once as a forward change

before X. drummondii; once as a "reversal” at ‘M’ before X. macronema

and X. gracilis. State 4 - tamentose bracts - develops once on the

main stem at *J .

From the pattern of change it appears possible that the ‘"reversal" to
state 3 at 'M' noted above is really a forward development to a state

non hamplogous with state 3.

182

180 - 1&1 — 182 - 184 — ig3
s

The parallel change to state 2 indicates that there are two different
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types of fringed bracts present in the genus.

19. Packing bract colour.

There are two changes, in parallel, to state 1 - dark bracts: before

X. quadrandqulata in the X. latifolia clade; at X. malacophylla. There

are no reversals to the plesiamorphic state.

That is, there are two different types of dark bracts in the genus.

20. Sepals - beak.

There are four parallel changes to state 1 - beak absent, all at close
to the taxon level. Such a result indicates that this character, as
well as being a misinterpretation of four different characters, is of

little significance to the overall evolution of the genus.

2]. Sepals - proboscis.

The apamorphic- state was not revealed by MacClade. There was one
reversal to the plesiamorphous state: before X. acaulis and X.

arenaria.

This character would also appear to be of 1little significance to the

overall evolution of the genus.

22. Sepals - indumentum.

' State 1 - subglabrous sepals - is reached twice: once as a forward
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develomment on the main stem at “F'; once as a reversal on the main
branch to the X. minor clade. State 2 - partly hirsute sepals-
occurs on the main stem at "G'. State 3 - hirsute sepals - is reached
twice, in parallel. The main change is at *‘J* on the main stem, but

there is also a non hamologous change at X. drummondii. There are two

reversals to the symplesiamorphous state - glabrous sepals: at X.

macronama, and; at X. pamilio.

The character thus appears to be a fairly reliable character which is
part of the main line of evolution of the gerus, with only the one

occurrence of a similar but non hamologous state at X. dnowmondii.

23. Petal size.

The analyses do not confirmm large petals as the plesiomorphic state.
Rather they show species with small petals at the base of the tree ard

the large petal state arising twice, separately, in X. macronema/X.

gracilis and in X. minor (coded here as "reversals").

This means that either the genus developed framn small petalled stock
or that the development of the genus was accawpanied by the
development of this feature. In the latter case, as large petals
arise in parallel in the genus, it is most likely that they are not
true reversals to the plesiomorphic state, but rather are

autapomorphies.

24. Petal shape.

The change to state 1 - erect to slightly recurved petals - is not
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revealed by MacClade. State 2 - recurved petals - is shown as arising
five times in parallel. There are three "reversals" to the postulated

plesicmorphic state - erect petals - shown.

It appears most likely that the evolution of this character is also
not as scored. Rather it seems likely that apparently similar, but

not homologous, petal shapes have arisen multiple separate times, i.e.

as autapamorphies.

25. Petal proboscis.

State 1 - proboscis absent - develops twice, in parallel: below X.

brunonis, and; below X. caespitosa. There is one reversal to the

plesiamwrphic state at X, bracteata.

The two non hanologous developments of lack of a proboscis are not
surprising, in that it is difficult to assess the hamwlogy of the lack
of a feature. It is difficult however to draw many conclusions from
this evolutionary pattern, except that the character is not involved

in the main evolutionary line of the genus.

26. Petal indumentum,

State 1 - hirsute petals - arises only once, and only in the
development of one species, X.resinosa. As such it does not

contribute significantly to the evolution of the genus as a whole, and

could indeed have been excluded from the analysis.
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4.5 Discussion

4.5.1 Characters

Five characters (2, 8, 12, 16 and 22) were reliable evolutionary in-
dicators, six characters (5, 6, 9, 15, 17 and 21) were partially
reliable, and fifteen (1, 3, 4, 7, 10, 11, 13, 14, 18, 19, 20, 23,
24, 25 and 26) were shown as having parallel development or a pattem
of change in conflict with the character scoring. That is, only the
minority of the characters in the analysis were good or reasonable
indicators of the main evolutionary thrust of the genus. Thus many of
the apparent similarities in the gemus are postulated to be non
hamologous parallel developments.

This situation could not be regarded as a reliable resolution of the
evolution of the genus, and indicates that more work is needed to
accurately detemmine hawlogies within the group. Once such
hanologies have been determined the evolutionary pattern postulated by

this cladogram could be reassessed.

4.5.2 Taxonamic implications of the cladogram

Hennig (1966) states that in phylogenetic systematics each taxon must

be monophyletic, that is, it must include an ancestor ard all its

descendants, If this principle is applied to Xanthorrhoea sane

significant conceptual changes are necessary within the genus.
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The hypothesised close relationship between X. resinosa, X. fulva X.

concava and X. gracilis with X. macronema, is a new concept as X.

macronema had long been regarded as a species quite distinct fram
other xanthorrhoeas (ILee 1966 a and b). The close relationship
proposed for X. macronema and X. gracilis on the other hand, whilst
only established before by their being placed together on intuitive
grourdds in the revision by Bedford (1986 a), is ocbvious to even the

casual observer of plants of both species.

The polychotomy involving the two subspecies of X. latifolia ard X.

arborea, reflects the uncertainty of whether the two subspecies are

closer to each other than X. latifolia subsp. latifolia is to X.

arborea (there is a 50% probability each way). This indicates that
there is some evidence that either X. latifolia subsp. maxima should
be considered a taxon of species rank, (albeit closely related to both
other taxa), or that the three taxa should be considered as subspecies
of X. arborea (since that is the oldest name). X. arborea and X.
latifolia subsp. latifolia are taxonomically and geographically
distinct, with different ecological niches, and, as indicated in
Chapter 1, can be distinguished even where their distributions

overlap.

The two subspecies of X. latifolia are also quite geograghically

distinct, with different ecological niches, but are wvery similar
morphologically. Few specimens are known of X. latifolia subsp.
maxima, which looks rather like a larger version of subsp. latifolia,

and occurs only in a few, restricted localities (Bedford, 1986 a).

One possible action is to revise the lewel of X. latifolia subsp.
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maxima to give it specific rank, i.e. as X. maxima. However, the
sparsity of collections and knowledge about this taxon, together with
its apparent close similarity to subsp. latifolia, mean that it would

be unwise to segregate it as a species at this time,

The lack of resolution of position of X. acanthostachya and X.

australis indicates an uncertainty as to the exact relationship
between these species. It is clear is that they are closely related,
but not whether they are a true sister-group-pair (2/3 of the 18 most
parsimonious trees) or adjacent clades (1/3 of the most parsimconicus
trees). Their very separate geographic distributions, south-west of
Western Australia and south-eastern Australia respectively would lead
one to expect that there might be considerable evolutionary differen-
ces between them, even if they did represent a sister-group-pair, and
thus helps to explain how such an ambivalent situation in the

cladograms could arise.

In many cladistic analyses the divisions of the genus into clades
(e.g. as shown in Figqures 4.2 and 4.3) are oconsidered fommal
subgeneric groupings of the species. Such a decision for Xanthorrhoea
would result in nine well defined subgenera as well as one or two

subgenera for the unresolved taxa X. acanthostachya and X. australis.

It is my view that the develogarent of a formal subgeneric
classification should only be made after a very thorough examination

of a group from many different aspects.

In this context, it is suggested that before taking such an action a
number of important questions mast be answered, including at least the
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following three inter-related questions:

(a) will such a classification reflect all present knowledge about the
group?

(b) how thorough is our knowledge of the group?

(c) are the groupings corroborated by more than one type of

information source.

In the case of Xanthorrhoea the answers are (a) yes, to (b) not very,
ard to (c) no. That is, the present classification does represent all
the presently available taxonomic information on the group, but the

information is solely of a morphological nature,

Thus this classification should not be adopted as a formal subgeneric
classification at this stage. Rather it should be regarded as a first
approximation, which needs to be tested by camparison with data from
other aspects of the group, possibly such as protein or iscenzyme
analyses, before it could be regarded as a reliable subgeneric
classification. However such analyses require specialised knowledge,
equipment and materials, as well as considerable preliminary work to
identify suitable analytical techniques. As such they represent a
possible future direction for research, but could not be incorporated

in the present study.

It is of note that there has been sare chemotaxonamic work on
flavonoid oampounds in the genus which has not been sucoessful in
clarifying the situation (Bedford, unpublished data, Chapter 1). Also
work is oontinuing on the taxonamic value of the resins (Duewell, in

press, and Bedford and Duewell, in prep) which shows promise.
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4.5,3 Biogeographic implications of the preferred cladogram.

Rosen (1978), Nelson and Platnick (1981) and Humphries and Parenti
(1986) describe the use of cladistic concoepts in the study of
biogeography, which they describe as cladistic biogeography. These
concepts have been followed here to examine the biogeographic
consequences and implications of the preferred cladogram. This
procedure produces an area-cladogram by, in its simplest form,
replacing the species names on the ends of branches with the
geographic distributions of the species. The area cladogram (Figqure
4.4) postulates historical relationships between areas, at least as
far as these species are ooncerned (Humphries and Parenti, 1986,
Rosen, 1978, Nelson and Platnick, 1981, Weston and Crisp, 1987). To
extract the maxirmum possible information from such a procedure it is
necessary to construct a reduced area cladogram (Figure 4.5) which
incorporates all of the biogeographic information fram Figure 4.4 in a
simpler form (Humphries and Parenti, 1986). The process of creating a
reduced area cladogram is complicated by the necessity to make
decisions about the way in which widespread taxa should be treated and
to delineate the biogeographic areas to use as the basic units

(Humphries and Parenti, 1986, Nelson and Platnick, 1981).

Widespread taxa, i.e. those which occur in one or more of the
biogeographic regions chosen for the study, may be treated under any
of three assumptions (temmed 0, 1 and 2) as to the relationships of

the relevant areas, (Nelson and Platnick 1981; Nelson 1982; Humphries

~ and Parenti 1986; Weston, pers. camm. 1988).
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Figure 4.4 Full-Area—-Cladogram
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Figure 4.5 Reduced-Area-Cladogram

Areas numbered as per Figure 4.4. letters represent hypothetical
vicariance events, and are referred to in the text.

A = the separation of tropical north-eastern Australia (4) and
temperate south-eastern Australia (6).

B = the separation of temperate south-eastern Australia (6) and
Tasmania (7).

C = the separation of eastern temperate Australia and temperate
south-west Australia (5).

D = the separation of Eremaean (8) and Eremaean south-west
interzone (1) areas fram temperate and tropical Australia.

E = the separation of the central Australian Eremaean area (8)
from the south-west interzone and rest of Australia.
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Assunption 0 states that the areas covered by a widespread taxon may
not be related to each other at all (Weston pers. comm. 1988) and is
thus the least rigorous and least useful of the three. It is not

investigated further in this study.

Nelson and Platnick (1981) and Nelson (1982) discuss the full
thecretical aspects of assumptions 1 and 2 under which widespread taxa
can be treated. Under assumption 1 whatever is true of a widespread
taxon in one part of its range must be true of the same taxon in
another part of its range (i.e. the taxon is uniform). Assumption 2
states that whatever is true for a widespread taxon in cne part of its
range need not be true for the same taxon in another part of its

range(i.e. the taxon is not necessarily uniform).

The implications of assumption 1 are that a widespread taxon C will
never be distinquished as two or more separate taxa. So if species A
and B are more closely related to each other than they are to C in one
part of its range then A ard B are also more closely related to each

cother than they are to C in another part of its range.

The implications of assunption 2 are that the widespread taxon C might
at same time be recognised as two or more separate taxa, so that
vhatever is true of one occurrence may not be true of another. Thus
it may be possible that A and B are nore closely related to each other
than either is to C in one location 1, but that A is more closely
related to C in location 2 than it is to B (Humphries and Parenti

1986).

Hunphries and Parenti (1986) argue that assumption 2 gives the most
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informative resolutions when cladograms of two or more unrelated
groups fram the same geographic range are carbined/campared, but will
usually result in more than one hypothesis. Further, they state that
assumption 1 will only give informative results when there is no

overlap or conflict in the original area cladogram.

There are also a number of different ways to delineate the basic unit
areas for consideration in the study. The technique chosen here has
been to divide the continent into biogeographic areas using a
modification of Burbidge (1960) as shown in Figure 4.6, ard to
allocate the taxa distributions into these areas prior to preparing
the reduced area cladograms. Burbidge delineates one area as the
Macpherson-Macleay overlap, in which she caments that species which
are primarily tropical in distribution extend into tropic-like
habitats south of the tropics, and species which are primarily
tamperate extent into tenperate-like habitats north of the temperate
region. If one takes this literally it is possible to treat same taxa
which appear to overlap both regions as being restricted to the region
of their primary distribution. This approach, although at variance
with sane of the precepts of cladistic biogeography as espoused by
Humphries and Parenti (1986) has same similarities with the approach
of Rosen (1978), and has been adopted here solely for the practical
reason that it greatly simplifies the preparation of reduced area
cladograms without (in this case, in this author's opinion
significant loss of information. The reduced-area-cladogram was
prepared by combining the informative resolutions of canponent

analysis (using assumption 2) of each separate clade.

The most rigorous way to prepare reduced area cladograms would have
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Figure 4.6 Australia divided into phytogeographic regions used in

analyses.
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been to prepare large scale maps of the distribution of taxa and
identify both the basic areas and areas of overlap (Humphries and
Parenti 1986; Weston pers. camn. 1988). This method is, however,
because of its camplexity, more suited to a methodological study of
vicariance biogeographical techniques than to this more generalised
study of ZXanthorrhoea. It is intended to oontinue this work using

such an approach, ocutside the confines of the present study.

Figure 4.4 shows the consensus cladegram with the geographic
distribution of taxa replacing the species names. Fiqure 4.5 shows

the reduced area cladogram created fram Figure 4.4. Figure 4.6 gives

the phytogeographic areas used.

Area-Cladograms

An examination of both area-cladograms reveals that they are slightly
different, though camplementary, in information content. The full
area-cladogram can be used to examine more detailed species-specific
distributional hypotheses for cne of the clades whereas the reduced
area—cladogram presents nore general overall hypotheses concerning the
evolution of the genus., Results are therefore presented and discussed

(as far as is informative) for both area-cladograms.

Full-Area-Cladogram (Figure 4.4)

The vppermost clade in Fiqure 4.4 shows eastern Anstralia joining with
Western Australia before joining with three other eastern Australian
branches. There are a number of points of biogeographical interest to
this situation. Firstly that the closest two branches of the clade
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are so widely geographically separated. In biological temms this
infers that the genus is older than the biological isolation of
eastern Australia from western Australia. Secondly that an eastern
Australian branch is classified more closely to a Western Australian

branch than to cther eastern Australian branches.

A possible explanation for this result is that both X. gqracilis and X.
macronama occupy well drained open eucalypt forest habitats, which are
very similar in structural appearance, whereas the other three taxa in

the clade, X. concava, X. fulva and X. xesini?a:gall occupy

periocdically waterlogged, more open enviromments than the first two
taxa in the clade. It is therefore possible to interpret this clas-
sification as reflecting the similarity of the different ecosystems.
That is, ecological factors as well as areas appear to be relevant to

these results.

The lower clades are most informative when examined as part of the

reduced—-area-cladogram.

Reduced-Area-Cladogram (Figure 4.5)

Camponent analysis of the full area-cladogram yields only one possible
resolved cladogram for all the areas in which taxa occur. The
resulting reduced-area—cladogram specifies a series of historical area
relationships which can then be interpreted in biological termms for

the evolution of the genus.

The uppermost clade in Fiqure 4.5 shows two equally likely close
relationships: (a) temperate south-eastern Australia (6) and north-
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eastern tropical BAustralia (4); (b) temwperate south-eastern Australia
(6) and Tasmania (tamperate) (7). The whole of the above are more
closely related than they are to the next most closely related area-
temperate south-western Australia (5). All of these are more closely
related than they are to the next most closely related area - the
scouth-westermn Australian “"interzone" between the tawperate and
eremaean regions (1). The most distantly related area from all the

above is the eremaean central Australian region.

Such a conclusion indicates that the biclogical separation of eastern
AMistralia and Western Australia is of fundamental importance to the
evolution of ZXanthorrhoea. Furthermore the separation between the
essentially coastal temperate and tropical areas and the more inland
drier areas argues that evolution has been greatly influenced by the

avajlability of water.

That is, the historical relationship proposed is for the earliest
separations to have been of eremaean Australia and inland Western
Anstralia from the rest of the clade, which can be attributed to an
early vicariance event leading to the separate evolution of the more
or less coastal conditions of the former and semi-arid conditions of
the latter. ILater vicariance events have separated firstly east fram
west and most recently the double separation of north-east tropics and

Tasmania fram temperate south-east.

Huphries and Parenti (1986) note the importance of camparing the

reduced area-cladogram for one taxonamic group with that derived from

other unrelated taxoncmic groups. These results have therefore been

campared with the relevant parts of the reduced area cladogram
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prepared for the eucalypts by ladiges and Humphries (1983), These
authors use a very similar biogecgraphical grouping to that used here
(Figure 4.6) in that it is also a modification of Burbidge (1960),
mainly differing in that they do not distingquish the south-western
interzone. As the geographic groupings are so similar the results are
directly camparable.

An examination of the two cladograms reveals that the results for
Xanthorrhoea are fully concordant with the relevant part of the
results for the eucalypts which Ladiges and Humphries summarise
"south-western Australia is sister group to south-eastern and north-
eastern Australia“. This result is not surprising considering that
both ZXanthorrhoea and the eucalypts comprise parts of Australia’s
distinctive sclerophyllous flora which are believed to have a
considerable evolutionary history in Australia, and which oould
therefore be expected to show ét least sawe common patterns.

Other carmparisons with the results for analyses of different groups of

eucalypts by the same authors are discussed below.

The area—cladograms of taxa above can be caupared with known or
presuned events in the geological history of Australia in order to
establish hypotheses about possible vicariance events involved in the
separation of areas in the area-cladogram. It is therefore necessary
to examine the literature on possible vicariance events in Anstralia’s
geological history. The relevant literature is summarised in Table

4.5 and Appendix 4.7.

Most recent (in geological time) vicariance events for Australia are
generally presumed to have primarily been related to changes in sea
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Table 4.5 Summary chronology of vicariance events in Australia.

Appendix 4.7 contains a more detailed summary with references.

I. PHYSICAL CHANGES

Mesozoic and Tertiary

East-west physiographic division of the Australian land mass

Late Cretaceous—early Paleocene (80-60 m.y. B.P.)

Separation of New Zealand and New Caledonia from Australia.

Late Paleocene (60-53 m.y. B.P.)

Separation of Australia fram Antarctica, and fram the Papua New
Guinea mobile belt.

Bocene (Mid at 45 m.y. B.P.)

A time of major marine transgression across southern Australia.
Miccene (Mid at 15 m.y. B.P.)

Erded in large expansion of the BAntarctic ice sheet with
corresponding low sea levels.

Pleistocene |

Sea levels fluctuated repeatedly (range -200 m to +43 m), in the
lows, Tasmania, Australia and New Guinea joined.

Holocene

Severing of the land bridge to Tasmania 12,000-13,500 years ago
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II. CLIMATIC CHANGES

Early Tertiary to middle BEocene

Humid and relatively warm climate with a tropical flora.

Mid-Tertiary - late Eocene

Development of a north-south disjunction, SE colder. Same evidence
for persistence of tropical conditions in scuth west Australia.
Mid-Oligocene

Reduced temperatures. Reduction in floristic diversity in south.
Miocene

Early warm wet conditions followed by relative aridity.

Pliocene

Marked warming (? wetter), followed by cooling and dryness.
Pleistocene

Predaninantly dry, sand dune areas showed mobile dunes.

Late Pleistocene and Holocene climates

123,000-40,000 years B.P.

NE had tropical conditions, rainfall at least as high as at present.
SE drier and cooler than present.

40,000-30,000 years B.P.

Drier (c. half present lewvels), glacial activity in Tasmania.
30,000-26,000 years B.P.

Dry conditions persisted in the north, glaciers in the SE. Same
conflicting evidence for warmm conditions in western N.S.W.
26,000-16,000 years B.P.

Increasing aridity with "peak"” achieved 16,000-17,500 B.P. 16,000-
10,000 years B.P.

Dry conditions persisting, gradual waming increased rainfall. 10,000
years B.P. to the present

Early return of tropical ocorditions in north Queensland, followed by
decline to essentially the same conditions as today for the last 2,000

yIs.
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levels due to changes in the Earth’s temperature and to increasing
aridity, associated both with temperature changes anxd the northward
drift of the Australian tectonic plate. Galloway and Kemp (1981)
state that climate is the most significant envirormental factor for

Anstralian biogeography.

How then are the known or presumed vicariance events related to those

involved in the area evolution damwnstrated for Xanthorrhoea? It is

not possible to answer this question definitively because of the
considerable mﬂmownf, involved. For example it would be necessary to
accurately date the development of the genus Xanthorrhoea as we know
it. This is not possible at this time as there are no fossil
Xanthorrhoea plant specimens known. (Microfossils (pollen) believed
to be of Xanthorrhoea have been reported in 30,000 year old deposits

at Cooloola in Queensland (pers. com. C. Bell, 1975). However
Xanthorrhoea pollen can be difficult to distinguish fram the pollen of
sane other monocots, so this report must be treated with caution, and

certainly cannot be taken as a dating for the emergence of the group.)

As such it is only possible to cawpare the sequences of vicariance
events hypothesised by the Xanthorrhoea area-cladogram with the
sequence of known or presumed vicariance events from the geological
and paleo-botanical etc. records to determine if any seguence of the

latter has occurred in the corresponding order.

Deperding on certain assumptions one or nore such sequences can he

found in the biogeographic literature.

- Galloway and Kemp (1981) note that south-west Westerm Australia and
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eastern Australia have been isolated throwughout the late Quaternary,
which places a minimum time on vicariance event C (the separation of
east and west) as not being more recent than that time. Unfortunately
they do not give any more exact estimated date for the event isolating

east and west.

If v hypothesise this as vicariance event C in our sequence it is
clear that vicariance events D and E must have been earlier events,
and we could hypothesise that these were the pericds of aridity during
the Miocene and Pleistocene. Event E would be hypothesised to be the
first period of aridity at the end of the Miocene, which could have
separated off the eremaean area from all others, and event D being a
secord, (possibly more severe?) period of aridity during the
Pleistocene causing a more extensive retreat of the south-west

temperate area, and, in so doing, isolating the south-west interzone.

As noted above, vicariance event C may be hypothesised tc have been
the most recent separation of east and west. Such a separation may be
attributed to the onset of aridity during the period 80,000—40,-000
years ago (which culminated in maximm aridity about 16,000 years

ago) .

Galloway and Kemp (1981) note that Bass Strait originated as far back
as the Miocene but that the last severing of the land bridge was only
about 12,000-13,500 years ago. They note that Bass Strait is wide,
deep and stormy and has therefore presumably been an effective
barrier. They camment that even before the f£flooding of the strait
"Dunes developed on the exposed floor of Bass Strait during the last
. glaciation and the resulting sandy surface would have restricted
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migration of many species while major contrasts between the
envirorments of Tasmania and Victoria would also have helped to
preserve differences between their biota.” But it is notable in this
latter context that Xanthorrhoea often occupy sandy habitats and so
(except for mobile dunes) would not necessarily have heen affected by
this factor, and may have been present on the land bridge. BAs such it
is hypothesised that vicariance event B, is the recent development of

Bass Strait circa 12,000-13,500 years ago.

The last vicariance event, A, the separation of tropical north-east
Queensland and temperate south-east Australia is hypothesised to be
caused by the gradual warmming of the continent, resulting in the re-
development of tropical conditions in North Queensland, but continuing

temperate conditions in the south which began 10,000 years ago.

'I!us schema requires (a) that the Miocene aridity was less extreme in
the south-west of Western Australia than the more recent "peak"
aridity of about 16,000 years ago, and (b) that there was an effective
link between east and west in the early quaternary. However, Nelscn
(1981) argued that there was unlikely to have been an effective
corridor between east and west to the north of the Mullarxbor since the
erergence of the Nullarbor karst in the mid-Miocene, which argues
against the secornd of these requirements, and detailed information
about temperatures and severity of aridity of particular areas of
Australia is not available (Kemp, 1981) so that no decision can be

made concerning the first.

Other altermative schemas based on an earlier starting point for
 vicariance event C of the Miocene marine incursion are possible, at
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least to a certain extent. Such a schema could take into
consideration the evidence that the late Eocene aridity was less
extreme in south-west Western Anstralia than in south-eastemn
Australia (Hos, 1975), which would possibly correspond with vicariance
event E, which separated eremacan Australia fram both the south-west
tanperate and interzone areas. Howewver this proposal does not supply
any known possible vicariance event for our proposed event D,
separating the south-west interzone fram the south-west tamperate
areas. FEvents A and B could continue to be attributed to the same
events as in schema one, above, or to earlier events. Ladiges and
Humphries (1986) found a north-south separation in the stringybark
eucalypts which has some similarity to the north-south disjunction
found here. However they ascribe the separation to the temperature
decrease in the late Eocene, which timing does not agree with the
position of proposed vicariance event A if the Miocene is proposed for
event C. This suggests that the later events proposed in schema one

are more feasible in this case.

Neither schema unequivocally leads to any series of known events which
definitely ocorresponds with the series hypothesised by the
Xanthorrhoea area-cladogram. However both schemas have their better
aspects. The major doubt concerning schema ane is about the date of
the last separation between east and west. As the areas were joined
(at least by sand) during the periods of low sea level during the
Pleistocene and the continent enjoyed tropical conditions from
123,000-80,000 years B.P., it 1is possible there was a continuous
connection between these areas. (Galloway and Kemp (1981) say "Lowered
sea level during glacial times could also have affected the role of
~the Nullarbor as a barrier between the south west and east of
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Aistralia. A 200 km wide belt of different (sandier?) soils would
have been exposed on what is now the continental shelf."). Nelson
(1981), in raising doubt about the possibility of a "recent"
cornnection based his argument partially on the distribution of species
that cannot grow on lime soils. Same Xanthorrhoea species do grow on
lime soils and therefore may not have been separated by the expanses

of limestone on the Nullarbor under higher rainfall conditions.

In support of schema two is that vicariance event C might have been
expected to be one of the more physical breaks between east and west,
such as one of the major marine transgressions of the present day
Rullarbor area during the Eocene and Miocene. This argument would
agree well with the original proposals of Diels (1906) ard
palechotanical evidence quoted in HNelson (1981). It is also in
agreement with the evolutionary pattern and area-evolution proposed

for Western Anstralian eucalypts by Ladiges et al. (1987).

4.5.4 Conclusions of biogeographic discussion

The vicariance events for ZXanthorrhoea hypothesised by the area-
cladogram for the genus corresponds (with sawe reservations) to a
series of «climatic and physical vicariance events during the
Quaternary. As such the genus can be presumed to be a relatively
young group, with relatively recent evolution, in camon with much of

the Australian flora (Kemp 1981).
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CHAPTER 5
A REVISION COF

XANTHORRHOEA
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5.1 Introduction

The following revision has been adapted from Bedford (1986 a

and b), which were prepared as a result of the research for the
present work. The major changes fram that publication are the
organisation of the species to reflect their relationships following
cladistic analysis (chapter 5), and the description of new taxa

discovered as part of the analysis of Xanthorrhoea in Queensland

(chapter 2). In addition recent research into the namenclatural status
of the name Xanthorrhoea is reported in section 5.3. The format
adopted here is the standard for flora treatments in the Flora of

Australia.

As part of the taxonomic revision for Bedford (1986 a) a mmber of new
species were described, and nomenclatural clarifications were made.
These were published in the appendix of the same volume (46), of the

Flora of Australia (Bedford, 1986 b) and, for oconpleteness, are

included here as an associated publication in Apperdix 5.1. ZAnother

species, X. acanthostachya, was published earlier, in 1985, ard is

also included here as above, in Appendix 5.2.

5.2 Generic description of Xanthorrhoea

Xanthorrhoea J.E. Smith ex Dryander, Cat. bibl. Banks, 3: 486 (1797).

(Nelson and Bedford, in press, and discussed below).

Stems arborescent or subterrancan, woody, oovered with packed
leaf-bases. Leaves crowded in a terminal crown, narrowly linear,
tapered, rhawbic to cuneate in T.S.; margins with microscopic

278



trichames, rarely hairy; leaf-base broad, sometimes thickened.
Inflorescence cylindrical, spike-like, on a woody scape; flowers
bisexual, in spirally-arranged clusters surrounded by packed bracts.
Sepals free, chartaceous or scariocus. Petals free, menbrancus; apices
exerted. Stamens exerted; filaments flattened; anthers dorsifixed,
dehiscing by slits. Ovary 3-locular; ovules several per locule; style
simple; stigma entire, saretimes grooved. Capsule obtuse or pointed,
the hardened style base + exerted. Seeds 1 or 2 per locule, ovate ard

semi-matt black, rarely ovoid and shining.
Camwon names: Blackboy, Grass-tree, Yacca.

Xanthorrhoea is named from the Greek xanthos (yellow) and rhoea (flow-

ing), in reference to the yellow resin noted in the type species.

Chramosame number n=22 (several species counted), Darlington and Wylie

(1955), Briggs (1966}, Keighery (1984).

A genus of 28 species endemic in Australia. One species, X. almae,

(as X. johnsonii)- is sawetimes involved in stock poisoning in Qld.

All species have oontractile roots and a secondary thickening
meristem, the latter character absent from the other genera of the
Xanthorrhoeaceae as circumscribed here. The flowers are protandrous,

having a style that is short at anthesis and elongates with age.

wWith the exception of X. thormtonii all species occur in regions

receiving more than 250 mm annual rainfall, and most in regions
receiving more than 500 mm.
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5.3 HNomenclatural considerations

5.3.1 The generic name Xanthorrhoea

Snith has for same time been regarded as the authority for the name
Xanthorrhoea (e.g. Lee, 1966 a), however recent research has revealed
that the name was published by Dryarder on 3 October 1797, six months
previous to Smith's publication on 24 May 1798. Moreover, there is an
earlier valid name for the genus, Acoroides Kite (1795), (Nelson and

Bedford, in press).

Because the earlier name does not have, and has never been, accepted
usage it is intended to conserve the name Xanthorrhoea against the
earlier name, to ensure stability of namenclature (Nelson and Bedford,

in press).

5.3.2 Type species for the genus

The Type species for the gemus has been regarded as X. resinosa
Pers., since lee (1966 a) took this name to have priority over the
name X. hastile. However recent research by Nelson (in press) has
found that the name X. hastile was published earlier, in Dryander
(1797), although Dryander attributed the name to Smith, making the
correct attribution for the name X. hastile Smith ex Dryander. ‘The
situation is further complicated in that the earlier publication of
Aoroides as a valid name for the genus we know as Xanthorrhoea was
accampanied by the publication of a specific epithet, which, under the
rules of botanical namenclature, is the correct name for the type
species fo: the genus. This epithet is resinifera, which, will,
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unfortunately, cause same unavoidable confusion with the name resinosa
which must be rejected as superfluous (resinosa was first published

1798) (Nelson, in press; Nelson and Bedford, in press).

5.3.3 HNamenclatural conclusions

It is clear that the namenclatural situation for the genus and type
species are in a state of flux, with research and publication still
underway to determine and document the validity of recently discovered
names and to conserve the name Xanthorrhoea against such names. This
situation has arisen through two main developments: (a) the historical

"accident" of Brown (1810) taking up the name Xanthorrhoea and thus

setting the pattern for all later authors, and; (b) the changes made
to the Intermational Code of Botanical Namenclature (Stafleu 1983) at
the Nomenclature session of the 1987 Intermational Botanical Congress
in Berlin, which removed the provisions to invalidate a name on thé
basis of "incidental mention". Nelson (pers. camm.) has camented
that, if not for this change, it is possible that the name Acoroides

may not have been validly published.

5.4 Taxonomic notes - impediments to a natural classification.
5.4.1 Hybridism

Although A.T. ILee, (1966 a and b), discussed hybrid swamms of
Xanthorrhoea, documented examples indicate that hybrids are scarce arnd
restricted (chapter 2). All have been on the coastal sand dunes frum
Beerwah, south-eastern Qld, to Newcastle, N.S.W., in restricted
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ecotonal conditions. The species known to be involved are X. glauca,

X. resinifera, X. fulva, X. johnsonii, and X. latifolia. Hybrids

probably also occur in similar conditions elsewhere on the east ccast
and this is certainly indicated by specimens fram coastal sand dunes
in Vic. Most other plants presumed to be hybrids are probably either
taxa not yet recognised or examples of the considerable variation that
often occurs within Xanthorrhoea species. A number of new taxa
described here have been referred to purported hybrids, e.g. X.

caespitosa and X. arenaria, both as X. minor =x X. australis, (Lee,

1966 a, p. 54 and p. 46 respectively).

5.4.2 Floral and reproductive biology

During soarme initial experiments to investigate the possibility of
breeding experiments with Xanthorrhoea, it was found that it is
possible that sare aspects of the floral and reproductive biclogy of
the genus contribute to the impediments to their natural

classification.

Initial experiments for breeding and artificial pollination research
into the purported hybridisation in the genus involved finding whether
the flowers were self fertile within the one spike (Bedford, unpub.

data).

Seed production by spikes of X. glauca subsp. glauca covered with

cloth bags, from prior to flowering until seed set, to prevent cross

fertilization, was variable. Same spikes produced no seed at all,

but the majority produced a considerable mmber of seeds, with seed

set per spik_e ranging framn 0 to 1000. These numbers represent a
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considerable reduction fram the estimated number reported for X.

australis and actual numbers recorded for X. resinifera in Victoria by

Staff (1975). Staff reported seed set for the latter ranging fram 336
to 2,600 seeds per spike, and his single estimate for the former
species was 7,500 seeds. The spike lengths of X. glauca measured were

camparable to the range of specimens recorded by Staff (loc. cit.).

It therefore appears possible that X. glauca (?and other species) may
be to sare degree facultatively self fertile. The actual proportion
of selfed seed to open pollinated seed can not be estimated fram these
experiments, partially because no data were obtained for seed set on
open pollinated spikes of X. glauca so the percentage reduction in

seed set is not known.

When oollecting Xanthorrhoea it quickly becomes apparent that they
have a patchy distribution, with many isolated populations. Such a
distribution may be partly an artifact of the land clearing since
white settlement, but is found even in relatively undisturbed areas
such as Cape York. In these circumstances the possibility of
facultative self fertilization helps to explain some of the
considerable wvariation seen from one population of Xanthorrhoea to
anocther, as there would be a tendency for isolated populations to

became inbred, and thus slightly different from other populations.

Another result of these initial experiments was the discovery that
same of the seed set by selfed plants have more than one enbryo.
Germmination tests were undertaken to test if the seed set were
fertile. It was found that the majority were fertile, and that same
have more than one embryo (Figure 5.1).
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Figure 5.1 Seed of X. glauca subsp. glauca with

two embryonic seedlings. (seed approx 6 mm long).
Seed fram specimen growing on the Queensland

margin of Levers Plateau, collected by D.J. Bedford 1978.
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It is known that many apomictic plants are polyambryonic (e.qg.in
samatic apospory), as are plants with sare other asexually seed
forming processes (e.qg. sporophytic embryony) (Barlow, 1958; Davis,
1972), and thus the discovery of polyembryony in Xanthorrhoea opens

the possibility that it may be partly apaunictic.

As apomixis, and asexual reproduction in general, works to stabilise
variation within populations, but increases variation between
populations. This phenamenon in Xanthorrhoea would explain same of the

difficulties in the classification of taxa within the genus.

However, as these experiments were only a preliminary investigation no
firm conclusions can bhe drawn as to whether self fertilization or
apamixis are preseni;. It is clear that oonsiderable further research

to test these hypotheases is needed.

5.4.3 Taxonanic conclusions

The restricted distribution of hybridism in the genus, in conjunction
with an awareness of the taxa and ecctonal conditions involved, mean
that hybridism is not a significant impediment to the natural
classification of the genus. The possibility of facultative
inbreeding and apomixis in the genus are also not a significant
impediment to a natural classification, though their effects would

help to explain same of the variation found in the genus.

That is, notwithstanding the problews noted above, it has been found

possible to prepare a classification which appears to take into

account the majority of the variation found in the genus, and which
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allows the majority of camwplete specimens to be classified with like

specimens.
5.5 Characters Used (Figures 5.2-5.4).

A number of characters and terms are used as in Bedford (1986 a).

The term packing-bracts is wused for the mass of small bracts that
oover the axis (e.g. Figure 5.2, M-R). These are densely packed,
filling out the space between the flowers and giving the surface of
the spike its distinctive appearance. 'There is a considerable range
of shape arnd size of packing-bracts on ever spike; only the largest
and most mature are described here, since immature bracts are very
variable in every species. Cluster-bracts subtend the clusters of
fertile and aborted flowers. All species possess cluster-bracts
though in some species they are obscure at maturity, i.e. not
distinguishable from the packing-bracts. The temms used for the shape
of the bracts are as in Bedford (1986 a), as defined below. The
shortest and least pointed bracts are obtuse (Figure 5.2, M) followed
by shortly acute (Figure 5.2, N), acute (Figure 5.2, 0), triangular
(Figure 5.2 P), narrowly triangular (Figure 5.2 Q) to the most pointed
form subulate (Figure 5.2 R) which tapers directly fram the base to

the apex without the distal enlargement evident in the other

categories.

Sepals and petals are described variously as beaked (Figure 5.3, R),
and/or with prcboscis (Figure 5.3, 8), ands/or with median abaxial
ridge, or recurved (Figure 5.3, P-Q). A beak is a continuation of the
sepal or petal into a terminal appendage, it contains a small tuft of
papillose hairs. A proboscis is a small adaxial projection fram the
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Figure 5.2 Xanthorrhoea leaf characters and habit of X. nana

(Fram Bedford, 1986 a).

Xanthorrhoea. A-L, T.S. leaf shapes, all X8. A-B, depressed-cuneate. A, X.
fulva (D.Blaxell NSW89530, NSW). B, X. minor (H.McKee 789, NSW). C, X
macronema, rounded depressed-cuncate (H.Salasoo 1542, NSW). D, X. minor, very
depressed-cuneate (H.McKee 789, NSW). E, X. fulva, depressed-obtrullate (E.Constable
NSW6166, NSW). F-G, very depressed-obtrullate. F, X. semiplana subsp. tatesna
(D.Bedford 104, NSW). G, X. arbores (L.Johnson NSWé61355, NSW). H, X.
drummondii, quadrate-thombic (D.Bedford 41 & T.Macfarlane, NSW). I, X. media,
transverse-thombic (J.Camfield NSWS59863, NSW). J, X. latifolis subsp. latifolis,
narrowly transverse-rhombic (L.Telford 5517, NSW). K, X. arbores, transverse-linear
(E.Constable NSW39982, NSW). L, X. concava, concave (J.Waterhouse NSW§1659,
NSW). M-R, packing bract shapes, X ¢. 3.5-5. M, X. fulva, obtuse (E.Constable NSW
6166, NSW). N, X. arborea, shortly acute (L.Johnson NSW61355, NSW). O, X. media,
acute (J.Camficld NSW59863, NSW). P, X. preissii, triangular (L.Preiss 1620, MEL). Q,
X. acanthostachya, narrowly triangular (T.Macfarlane 659, PERTH). R, X, australis,
subulate (D.Martin NSW67463, NSW). S, X. macronema, sub-epidermal stomatal
chamber, diagrammatic X330. T, X. johnsonii, leaf surface and stomate arrangement,
diagrammatic X 170. U, X. nana, habit x 0.1 (D.Bedford 67, 70 & T.Macfarlane, NSW).
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Figure 5.3 ZXanthorrhoea bract and floral characters, and habit of X.

resinifera. (Fram Bedford, 1986 a}.

Xanthorrhoea. A-G, X. fulva. A-B, sepals X S; C-D, packing bracts X5; E,

surface view of spike X10; F-G, petals X5 (E.Constable NSW 6166, NSW). H-K, X.

bracteata. H-I, packing bracts- X5; J, sepal X5; K, cluster bract X5 (R.Brown Jrer

Australiense 5772, BM). L-Q, X. arborea. L-M, packing bracts X5; N-O, sepals X5;

P-Q, petals, showing strongly recurved distal portion, X5 (L.Johnson NSW 61355,

_ NSW). R-S, X australis, sepals (k, beak, p, proboscis) X5 (D.Martin NSW 673567,
NSW). T, X. resiniferahabit (a, spike, b, scape) x0.02 (Sydney, photo D.Bedford).
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Figure 5.4 Xanthorrhoea bract, floral and spike characters
(Fram Bedford, 1986 ad.

Xenthorrhoes. A-B, X. drummondii, packing-bracts x5 (D.Bedford 41 &
T.Macfarlane, NSW). C-D, X. preissii, packing-bracts x5 (L.Preiss 1620, MEL). E-F, X.
nana, packing-brects XS (K.Allan 815, PERTH). G-L, X. acanthostachys. G, small
cluster-bract of sborted -floral cluster x5; H-I, packing-bracts X5; J, scpal X§5; K-L,
petals (p, proboscis) X5 (G-L, T.Macfarlane 659, PERTH). M, X. preissii, surface view
of spike showing bract apices X 10 (L.Preiss 1620, MEL). N-O, X. drummondii, surface
view of spikes showing variation in hairiness of bract apices x10 (N, D.Bedford 59 &
T.Macfarlane, NSW; O, D.Bedford 41 & T.Macfarlane, NSW).
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beak or apex, it is always hirsute with papillose hairs. The
proboscis is variable and occurs only on same of the sepals and/or

petals of same species.

Crown shape is variable but is nonetheless a distinctive feature of
same species. Leaf shape in T.S. - both width and thickness - are
taken at the mid-point along the length of the leaf. Leaf shape terms
(Figure 5.2, A-L) are from the Systematics Association Committee for
Descriptive Biological Temminology, chart la, (1962). Scape diameter
is measured just below the spike, ard spike diameter is measured at

.the surface of the bracts at the widest point of the spike.

The shape of the leaf-base is characteristic in sawe species but this
part of the leaf has been insufficiently oollected for reliable
descriptions to be provided. Capsule shape is also savetimes
characteristic, bﬁt it varies during development and must be used with
caution. In this treatment the only fruiting character noted is the

up&ard—cuxved capsule typical of same species.

Particularly wvariable characters are trunk height, leaf dimensions,
ard scape and spike length (occasionally also the proportion). Field
observation and glasshouse experiments indicate that much of this

variation is environmental.

Xanthorrhoeas can rarely be identified on one or two characters alone;

usually a combination of many characters is required for critical

detemmination. As most species occur in well-defined regions,

locality of collection is often a useful aid to identification. The

key below is designed especially for use in the field and with fresh
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material, relying in part on characters such as trunk height, ratio of

length of scape to length of flowering spike,

and leaf oolour. When

collecting Xanthorrhoeas for later study these data should be recorded

and kept with the specimens.

5.6 Key to species

Scape 8 or more times as long as spike;
flowering spike broad and brush-like fram
the very long erect filaments; stamates in
linear, subsurface, hair-lined chambers
(Figure 5.2, S)

2 Packing-bracts glabrous (eastern

2: Packing-bracts hirsute (W.A) .....c.ivvvneenns

Scape 5 or less times as long as spike;
flowering spike + cylindrical, the
filaments short and erect or, if longer,
recurved; stamates at leaf surface or if
sunken, then each in a pit (Figure 5.2, T)
3 Spike longer than scape
4 Packing-bracts subulate, glabrous
5 leaves 5-12 mm wide ..iiiiiiiiriininaananns
5: Leaves 1.2-3 mm wide

6 Spike only slightly longer than

28. X. semiplana

SCAPE (W.AL) tovevnnnnnnsnacanonsans 26. X. acanthostachya

6: Spike usually much longer than
scape (eastern Australia) ..........cvens

4: Packing-bracts shortly acute to

27. X. australis
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trianqular, glabrous to hirsute or
fringed with hairs
7 Cluster-bracts cbscure or almost soO

8 Ieaves 4-8 mm wide

9 Trunk to 60 cm long (W.ALY ...ooeenl.., 15. X. pla 1la

9: Trunk usually 2-6 m long

NuS Wo) ciiiveessocnsrrossnssannnanans 24, X. malacophylla

8: Leaves usually less than 4 mm
wide
10 Ieaves grey-green, glaucous;

bracts dark brown; hirsute ........... 14. X. dnumondii

10: Ieaves green, not glaucous;
bracts green or dark brown,
glabrous to moderately hirsute
11 Spike 2 or more times length
of scape; bracts green,
glabrous to subglabrous (W.A.) ....... 16. X. preissii
11: Spike less than 2 times length
of scape; bracts dark brown,
glabrous to moderately hirsute
(eastern mainland Anstralia) ............ 19. X. media
7: Cluster-bracts prominent for at least
part of spike
12 Leaves blue-green or grayish,
glaucous
13 Cluster-bracts prominent for most
or all of mature spike length;
packing-bracts dark-brown (eastem
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AStralia) ..evenveeiccivraraneastarsaanns 25. X. glauca
13: Cluster-bracts prominent only at

base of mature spike; packing-

bracts light-brown (central

Anstralia & inland W.A.) ceevencnann. 22. X. thomtonii

12: Leaves green, not glaucous
14 Scape diam. 20-30 mm; leaves
soft and spongy to the

LOUCH wevvvessaveeresrnssnancnnces 24. X. malacophylla

14: Scape diam. 20 mm or less
leaves tough, hard to the touch
15 Trunk usually none, savetimes
to 30 am long; crown +

hemispherical (N.S.W., Hunter

15: Trunk usually longer than 30
am; crown with young leaves in
spreading upright tuft and old
leaves usually strongly reflexed

over trunk (Qld, & N.S.W. north of

3: Spike shorter than or equal to scape
16 Packing-bracts narrowly triangular to
subulate
17 Packing-hracts fringed with hairs to

moderately hirsute ........ce0cceaieasn 12. X. caespitosa

17: Packing-bracts glabrous or subglabrous
18 Plants without trunk; leaves
depressed-obtrullate to depressed
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—cuneate in T.S. (TaS.) cveerronssceanas 9. X. arenaria
18: Plants with trunk; leaves quadrate-

rhambic in T.S. (W.A.) cieeennn. 24 . X. acanthostachya

16: Packing-bracts obtuse to triangular
19 Packing-bracts densely hirsute on
abaxial surface, appearing velvety
20 ILeaves transverse-rhambic in T.S.;

spike dark-brown velvety at

20: Leaves depressed-obtrullate to
concave in T.S.; spike cream to +
light brown velvety at flowering
21 leaves very depressed-cuneate to
concave in T.S., 3-6 mm wide, 1.5-
2 mm thick (N.S.W., Sydney & south-
7% a0 [ JR R 3. X. concava
21: Leaves depressed-obtrullate to
depressed—cuneate in T.S., 1.9-
3.5 mm wide, 1-1.5 mm thick (Qid,
& N.S.W. north of Wyong) ..... Ceeeenes 4., X. fulva
19: Packing-bracts glabrous to hirsute or
fringed with hairs but not velvety
22 Scape and spike together usually
less than 90 am long
23 Scape ard spike distinctly curved;

spike often at + 90° to scape

23: Scape emerging fram crown +
vertically; spike and scape +
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straight
24 leaves quadrate-rhombic in

T.S. (SA.) vevvitsasasnnss 17. X. gquadranqulata

24: Leaves ranging fram transverse-
rhanbic, depressed-obtrullate
to very depressed-cuneate or
transverse-linear in T.S.
25 Cluster-bracts praminent on spike
26 Packing-bracts triangqular to
narrowly trianqular
{TAS.) cvvrvevrsannananaens 11. X. bracteata
26: Packing-bracts shortly acute
to acute
27 leaves depressed-cuneate in
T.5., often concave, green, not
glaucous; cluster—braéts shortly

acute to triangular (eastern

27: leaves transverse-rhambic or
depressed-obtrullate in T.8.,
rarely depressed—cuneate,
grayish, glaucous; cluster-bracts
narrowly triangular to
subulate ... ceeienennnns 8. X. acaulis
25: Cluster-bracts obscure or
restricted to junction of scape
and spike
28 Crown-leaves broadly spreading
or recurved (Qld.) ......... 18. X. pumilio
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28: Crown an erect tuft of
leaves (W.A. & SE Australia)
29 Scape and spike together

usually more than 80 am

29: Scape and spike together
usually less than 75 cm

long (eastern mainland

22: Scape and spike together usually 90 cm or
more long
30 Cluster-bracts usually praminent at least in
some part of spike
31 Ieaves usually more than 2.5 mm wide, soft
and spongy; plant of moist

habitats ...vovviinvennareneansnnsnans 24. X. malacophylla

31: leaves usually 2.5 mm wide or less, tough
and hard; plant of dry sclerophyll forest
and heath ...iviveievessrnverovesnroneacaroasanes 23. X.almae
30: Cluster-bracts cbscure or restricted to
junction of scape and spike
32 Ieaves usually + quadrate-rhambic to
transverse-rhambic in T.S., less than
3 M wide
33 Trunk none or to 30 an long; crown +
hemispherical (N.S.W., Sydney region and
adjacent areas S of the Hunter R.) ...... 19. X. media
33: Trunk 10 am to 5 m long; crown with young
leaves in spreading upright tuft, old leaves
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usually strongly reflexed over trunk (Qld &
N.S.W. north of the Hinter R.} ........... 23. X. alme
32: leaves narrowly transverse-rhambic, depressed
obtrullate, depressed-cuneate to transverse-linear
or concave in T.S., 1.7-10 mm wide

34 Iepaves blue—green ....ceecevnenrsns 7. X. brevistyla

34: Ieaves green
35 Spike usually greater than 1/2 as
long as scape in length ........... 21. X. arborea
35: Spike usually less than 1/2 or as
long as scape
36 Ieaves usually more than 4 mmne
wide; spike 30-150 am
lONG vvevmenenerennessnsrennss 20. X. latifolia
36: Leaves usually less than 4 nm
wide; spike usually 5-40 am long
37 Spike 20-40 mm diam.; petals

without proboscis

37: Spike 14-23 mm diam; petals

with proboscis (Q1d) ........ 18. X. pumilio
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5.7 Species Descripticns

1. Xanthorrhoea macronema F. Muell. ex Benth., Fl. Austral. 7: 113

(1878».

T: Hastings R., N.S.W., H. Beckler s.n.; lecto: K n.v., fide A.T. Lee

Contr. New South Wales Natl Herb. 4: 54 (1966 a); isolecto: MEL.

Trunk none; stem sometimes branched below grournd; crowns 1 to many, in
a loosely upright or reflexed tuft. ILeaves obtrullate, irregularly
- rounded depressed-cuneate or concave in T.S., usually 2.3-3.5 m wide,
1.2-1.8 mm thick, light to dark green, not glaucous. Scape 100-160 am
long, 4-5 mm diam. Spike 0.1-0.05 times as long as scape, 5-13 am
long, 14-20 mm diam, Cluster-bracts cbscure. Packing-bracts shortly
acute to acute, glabrous. Sepals acute, beaked, without proboscis,
glabrous. Petals large and praminent, erect, with proboscis, glabrous

except for very few hairs at apex.

Occurs in Qld and N.S.W. from Fraser Is. to the Swiney region, on

coastal sand and ranges. Flowers July-Jan. Map 1, Figure 5.5.

Qld: Stradbroke Is., Moreton Bay, J.B. Cleland NSW 56765 (NSW).

N.S.W.: Mayers Hill, Boolambayte, Myall Lakes, E.F. Constable NSW

23594 (NSW); Tanilba, Port Stephens, H. van Rees 182 (MFL).

A distinctive Xanthorrhoea in its habit, with long thin scape and

short brush-like spike, large cream to yellow flowers and staminal

filaments (Figure 5.6), long-pointed fruit with persistent styles and

rounded glossy seed. Leaves longer (1-2 m) and more flexible than in
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Figure 5.5 Distribution maps:

1. ¥. macronema

2.

3.

X. gracilis
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. concava
. X. fulva

. resinifera

. brunonis subsp. brunonis







Figure 5.6 X. macronema inflorescence. Nullum State Forest, northern

New South Wales, April 1975, D.J. Bedford P75M6, (SYD).
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most species, with stomates in subsurface hair-lined chambers rather

than singly as all other species except X. gracilis (Figure 5.2, 8).

A close relative of X. qracilis from W.A. The name was not validly

published by Mueller in Fragm. 4 112 (1864) where altemative ranks

were cited.

2. Xanthorrhoea gracilis Endl. in J.G.C. Iehmann, Pl. Preiss 2: 39

(1846).

T: Darling Range, Perth, W.A., 16 Jan. 1840, L. Preiss 1619;: lecto:

MEL 625759, fide D. Bedford, Fl. Australia 46: 227 (1986).

Trunk none; stems branched undergrourd; crowns 1 to many, each a
loosely wupright to decumbent tuft. Leaves. irreqularly rounded
depressed-obtrullate to depressed—cuneate in T.S., usually c¢. 3 mm
wide arvl 1.4-1.6 mm thick, green, not glaucous, hairy at base. Scape
c. 150 am long, <. 5 mm diam., hairy at base, glaucous above. Spike
0.1-0.05 times as long as scape, c¢. 11 om long and 13-14 pm diam.
Cluster-bracts obscure. Packing-bracts shortly acute, hirsute, dark
brown. Sépals shortly acute, with very short beak, without proboscis,
hirsute. Petals large and prominent, recurved, with proboscis,

glabrous except short hairs at apex.
Occurs in south-western W.A., south of the Avon R. and as far east as
Albany, in sandy soil with laterite, often in Jarrah forest. Flowers

(Sept.) Oct.-Jan. Map 2, Figure 5.5.
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W.A.: Yarloop, between Bunbury and Pinjarra, H. Eichler 16153 (AD); c.

1.6 km N. of North Dandalup, B.G. Bricggs NSW 87522 (NSW); East

Jarrahdale, D.J. Bedford 2 & T.D. Macfarlane (NSW); Collie, A.R.

Fairall 742 (PERTH); Harvey Dam Reserve, T.D. Macfarlane 658 (PERTH).

A close relative of X. macroncma fram eastern Australia, from which it
is distinguished by the long hairs on leaf-bases, proximal portions of
leaves and on base of scape, the usually distally glaucous scape, the
dark-brown hirsute packing-bracts and sepals, and the dorsiventrally

flattened seeds.

3. Xanthorrhoea concava (A. ILee) Bedford, Fl. Australia 46: 226

(1986).

X. resinosa subsp. concava A. Iee, Contr. New South Wales Natl Herb.

4: 45 (1966 a). T: 1 mile (c. 1.6 km) W of Buxton, N.S.W., 5. Dec.

1960, A.T. Lee NSW 61300; holo: NSW.

Illustration: A.T. Lee, Contr. New South Wales Natl. Herb., Fl. Ser.

34: 5 (1966 by as X. resinosa subsp. concava.

Trunk none; stem branched below ground; crowns 1 to many, each a
loosely erect tuft. Leaves very depressed-cuneate to concave in T.S.,
3-6 mMm wide, 1.5-2 mm thick, bluegreen, glaucous. Scape 50-250 cm
long, c. 10 mm diam. Spike c. 1/2 as long as scape, 50-90 an long,
15-30 mm diam. Cluster-bracts cbscure, or praminent only at base of
spike, shortly acute, densely hirsute. Packing -bracts shortly acute,
densely hirsute with pale hairs. Sepals shortly acute, with beak,
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without proboscis, densely hirsute with pale hairs. Petals reflexed,
with proboscis, glabrous except a temminal tuft of short hairs.

Figure 5.2, L.

Occurs in N.S.W. fram Sydney as far south as Eden on the coast and
tablelands, often growing in seascnally waterlogged sites. Flowers

Oct.-Dec. Map 3, Figure 5.5.

N.5.W.: Treble Mtn. N. of Cobargo, E.F. Constable 5481 (NSW); Mogo

State Forest, SSW. of Batemans BRay, 12 Dec. 1961, A.T. Lee (NSW);

Windellama, SE of Goulburn, B.G. Briggs NSW 61298 (NSW); Mittagong, 30

Nov. 1919, J.B. Cleland (AD).

The spike appears distinctly velvety light brown fram the long pale

hairs on the packing-bracts and sepals.

4. Xanthorrhoea fulva (A. Lee) Bedford, Fl. Australia 46: 226 (1986).

X. resinosa subsp. fulva A. Lee, Contr. New South Wales Natl. Herb. 4:

45 (1966 a). T: Coffs Harbour, N.S.W., 17 Oct. 1961, E.F. Constable

NSW 61664; holo: NSW.

Illustration: A.T. Iee, Contr. New Scuth Wales Natl. Herb., Fl. Ser.

34: 5 (1966 b) as X. resinosa subsp. fulva (incorrect leaf habit

shown) .

Trunk none; stem branched below ground; crowns 1 to many, each a stiff
erect tuft. Ieaves depressed to very depressed-obtrullate to
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depressed-cuneate in T.S., 1.9-3.5 mm wide, 1-1.5 mm thick, usually +
blue—green, glaucous. Scape 20-160 am long, 5-20 mm diam. Spike
1/3-1/2 as long as scape, 10-60 @n long, 10-30 mm diam.
Cluster-bracts cbscure or slightly prominent, shortly acute, densely
hirsute. Packing-bracts obtuse, densely hirsute with pale hairs.
Sepals shortly acute, without or with wvery short beak, without
proboscis, hirsute. Petals slightly reflexed, with beak at tip,
glabrous except for a few hairs near beak. Fiqures 5.2, A, E, M, 5.3,

AG, 5.7.

Occurs in coastal areas fraom Rockhampton, Qld, to Wyong, N.S.W.; grows
in periodically waterlogged sites in sand. Flowers Aug.-Oct. Map 4,

Figure 5.5.

Qld: Coolocla, €. Sandercoe C504 (NSW). N.S.W.: Corindi-Red Rock

road, 18 Sept. 1961, E.F. Constable (NSW); Lake Cathie, c. 8 km NNE of

Kew, E.F. Constable 4795 (AD, NSW); N of Booti Booti, 13 Oct. 1953,

L.A.S. Johnson (NSW):; between Grassy Hill and Putty, c. 10.8 km fram

Singleton, 10 Feb. 1966, A. Lee (NSW).

This species is known to hybridise with X. almae in Qld and with X.

glauca in N.S.W., the progeny sametimes resembling X. resinifera. It

is usually recognizable in the field by its wvelvety cream to beige
coloured flowering spikes, fram the pale hairs on the packing-bracts
(Figure 5.7). It exhibits great variability of inflorescence size; in
small plants (young or in poor growing conditions) the inflorescences
may be only 22 cm tall and very slender, while older plants in good

growing conditions may have stout inflorescences 2.5 m tall.
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Figure 5.7 X. fulva, close-up of spike, showing the tawny colour from

which the species is named. Beerwah Scientific Purposes Area,

Queensland, Sept. 1976, D.J. Bedford P76M2, (SYD).
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5. Xanthorrhoea resinifera (Kite) Nelson (in press)

basionym: Acoroides resinifera Kite, Essays and observations ... and

on the resin of Acoroides resinifera, or yellow qum of Botany Bay 141-

210, (1795).

Lectotype described in A. Phillip, The voyage of Governor Phillip to

Botany Bay... 60, (1789).

Syn. Xanthorrhoea hastile J.E. Smith ex Dryander, Cat. bibl. Banks,

3: 486, (1797); Dryander, Ann. Bot. 2: 517 (1806); R. Brown, Prodr. :

288, (1810).

X. resinosa auct. Naturalists Pocket Magazine 1, (1798); Persoon, Syn.

Pl. 1: 370 (1805).

[(X. arborea auct. non R.Br.: C. Moore & E. Betche, Handb. Fl. New

South Wales 425 (1895); J.H. Maiden & E. Betche, Census New Scuth

Wales P1. 42 (1916)]

Illustration: A.T.Lee, Contr. New South Wales Natl. Herb. Fl. Ser. 34:

5 (1966 b) (as X. resinosa).

Trunk none or to 60 an long; stem usually simple; young leaves in a

stiff + erect spreading tuft. Leaves transverse-rhambic in T.S., 2-4

mm wide, 1.5-2.5 mm thick, blue-green, glaucous. Scape 70-150 cm

long, rarely to 220 om, 10-30 mm diam. Spike + as long as scape,

sanetimes shorter than scape, 60-120 cmn long, 2045 mm diam.

Cluster-bracts obscure or prominent only at base of spike, shortly
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acute, densely hirsute. Packing-bracts shortly acute, densely
hirsute, dark hbrown. Sepals shortly acute, without beak or proboscis,
hirsute. Petals erect or slightly reflexed, saretimes with proboscis,
at least one petal in each flower abaxially hirsute on mid-vein and

apex. Fiqures 5.3, T, 5.8.

Occurs in the Blue Mountains and coastal areas of N.S.W. fram Sydney,

to eastern Vic., growing in sandy soils and on sandstone, usually in

seasonally wet sites. Flowers Aug.-Oct. Map 5, Figure 5.5.

N.S.W.: Point Perperdicular, L.A.S. Johnson 1031 (NSW); Blackheath

lerodrome, 29 Nov. 1961, E.F. Constable (AD, NSW); La Perouse, Oct.

1897, E. Betche (NSW). Vic: Mallacoota, Wingan, A.C. Beauglehole

31091 (MEL); Cape Everard, 8 Feb. 1961, A. Dyce (NSW),

The spikes are distinctively dark brown and velvety at flowering from
the densely hairy, dark brown packing-bracts (Figure 5.8). Typical
specimens have the spike about as long as the scape; same southemn
specimens, which have a more slender spike much shorter than the

scape, may be subspecifically distinct.

6. Xanthorrhoea brunonis Endl. in J.G.C. Iehmann, Pl. Preiss. 2: 39

(1846).

T: near the Swan River, W.A., 20 Nov. 1839, L. Preiss 1621; lecto: MEL

625771, fide D. Bedford, Fl. Australia 46: 225 (1986).

Trunk none or up to 10 cm long; stem branched below ground; crowns 1

307



Figure 5.8 X. resinifera, close-up of spike showing the distinctive

velvety-brown appearance prior to flowering. Kumell, Sydney, New

South Wales, July 1976, D.J. Bedford, P76Ml12, (SYD).
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to many, each an erect tuft. Ieaves narrowly transverse-rhambic to
depressed-cuneate in T.S., 1.7-4 mm wide, 1-2.3 mm thick, green, not
glaucous. Scape 35-150 am long, 5-20 mm diam. Spike 1/3-1/2 as long
as scape, 10-30 am long, 20-40 mm diam. Cluster-bracts obscure or
restricted to junction of scape and spike, shortly acute to narrowly
trianqular, glabrous. Packing-bracts shortly acute to acute, glabrous
to fringed with hairs. Sepals acute, beaked, sawetimes with distinct
abaxial median ridge, without proboscis, glabrous. Petals + erect to

reflexed, without proboscis, glabrous except a tuft of hairs at apex.

Occurs on the coastal plain fran Perth region southwards as far as

Albany, W.A., in sand. There are 2 subspecies.

Packing-bract apex margin glabrous and abaxial surface
glabrous and shiny, so that bracts appear glabrous at

spike surface a. subsp. brunconis
Packing-bract apex margin and abaxial surface fringed
with hairs, so that bracts appear hairy at spike

surface b. subsp. semibarbata

fa. Xanthorrhoea brunonis Endl. subsp. brunonis.

Leaves 3-4 mm wide, ¢. 2 mm thick. Scape 70-90 am long, 5-20 nm diam.
Spike 10-30 am long, 20-40 mm diam. Packing-bracts shortly acute to
acute; margin below apex subglabrous to fringed with hairs, margin and

abaxial surface of apex glabrous and shiny.

Camon on  the coastal plain around Perth and southwards, W.A. Flowers
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Oct.-Nov. Map 6, Figure 5.5.

W.A.: Bruce St,(opposite Como High School) South Perth, D.J. Bedford

102 & T.D. Macfarlane (NSW, PERTH); Harvey R., F. Mueller (MEL

625782); near Wilson Inlet, Denmark-Albany rcad, D. Bedford 23 & T.D.

Macfarlane (NSW, PERTH).

6b. ZXanthorrhoea brunonis subsp. semibarbata Bedford, Fl. Australia

46: 225 (1986).

T: Poad Road, S. of Dardanup, W.A., 24 Nov. 1982, D.J. Bedford & T.D.

Macfarlane; holo: NSW: iso: PERTH.

Ieaves 1.7-3.5 mm wide, 1-2.3 mm thick. Scape 80-150 am long, 10-17
mn diam. Spike 30-50 am long, 25-40 mm diam. Packing-bracts acute,

occasionally subglabrous, more often fringed with hairs on apex and

margin.

Occurs on coastal sand slightly N and S of Perth as far as Albany,

W.A. Flowers Oct.-Dec. Map 1, Figure 5.9.

W.A.: North Dandalup, D.J. Bedford 5 & T.D. Macfarlane (NSW, PERTH);

Bdgewater Road, Canning R. foreshore, Perth, M.L. Clark 161 (PERTH);

1.6 km N. of Boyanup, along South Western Hwy, V. Mann 61 & A.S.

George (NSW, PERTH).
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Figure 5.9 Species distributions:
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7. Xanthorrhoea brevistyla D. Herbert, J. & Proc. Roy. Soc. W.

Anstralia 7: 82 (1921).

T: Narrogin State Farm, W.A., 13 Nov. 1920, D.A. Herbert s.n.; lecto:

PERTH, fide D. Bedford, Fl. Austyalia 46: 225 (1986); isolecto: MEL.

Trunk usually none, rarely to 5 am long; stem often branched below
ground; crowns 1 to many, each a + erect tuft. Leaves
depressed-obtrullate to depressed-cuneate in T.S., sometimes concave,
3.2-4.4 mm wide, c. 1.8 mm thick, bluegreen, very glaucous. Scape
80-125 cm long, 10-24 mm diam. Spike <. 1/3-1/2 as long as scape,
rarely equal to scape, 24-96 am long, 22-42 mm diam. Cluster-bracts
cbscure or very slightly prominent, acute to triangular, sparsely
hairy. Packing-bracts shortly acute to acute, subglabrous to hirsute.
Sepals triangular, beaked, without proboscis, glabrous. Petals
recurved, with proboscis, glabrous except for short hairs adaxially at

apex. Fiqure 5.10.

Occurs from Narrogin to Cranbrook, W.A. Flowers Oct.-Dec. Map 2,

Figure 5.9.

W.A.: Narrogin, D. Bedford 51 & T.D. Macfarlane (NSW, PERTH);

Williams-Narrogin area, T.D. Macfarlane 743 (PFRTH); 21 km E of

Narrogin on road to Toolibin, D. Bedford 49 & T.D. Macfarlane (NSW,

PERTH); 14.6 km S of Woodanilling on Great Southern Hwy, D. Bedford 38

& T.D. Macfarlane (NSW, PERTH).

This species includes considerable variation in bract hairiness, which
may indicate same unresolved taxonomic problems. The specific epithet
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Figure 5.10 X. brevistyla, habit.

Narrogin,

Western Australia Dec.

1982, D.J. Bedford 50 and T.D. Macfarlane, (NSW and PERTH).
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is misleading, as style length is neither a distinguishing nor a

constant feature.

8. Xanthorrhoea acaulis (A. Lee) Bedford, Fl. Australia 46: 225

(1986).

X. australis subsp. acaulis A. Lee, Contr. New South Wales Natl. Herb.

4: 53 (1966 a). T: 6.5 miles [([10.5 kml W of Dubbo on Minore Road,

N.S.W., 9 Dec. 1961, E.F. Constable NSW 61344; holo: NSW.

I1lustration: A.T. ILee, Contr. New South Wales Natl. Herb., Fl. Ser.

34: 5 (1966 b) as X. australis subsp. acaulis.

Trunk none or rarely up to 30 am long, branched below ground; crowns 1
to many, each a spreading tuft. leaves transverse-rhombic or
depressed-obtrulilate in T.S., rarely depressed-cuneate, c. 1.8 mu
wide, ¢. 1 mm thick, grayish, glauccus. Scape 25-45 am long, 8-12 mm
diam. Spike 0.2-0.75 times as long as scape, 10-25 am long, 25-34 mm
diam. Cluster-bracts prominent, rarely obscure, narrowly triangular
to subulate, subglabrous. Packing-bracts acute, subglabrous. Sepals
shortly acute, with median abaxial ridge, glabrous; beak usually very
short, rarely to 0.9 mm long; proboscis often present. Petals + erect

to recurved, with proboscis, glabrous except hirsute margins and apex.
Occurs in N.S.W. to the west of the Great Divide, in the area bounded
by Narrabri and Pilliga in the north and Grenfell in the south. Grows

mainly in sandy soils. Flowers Nov.-Jan. Map 3, Figure 5.9.
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N.S.W.: Narrabri, Nov. 1899, J.H. Maiden (NSW); Pilliga scrub, Nov.

1979, J. Ford (NSW, SYD); Gunnedah district, W. Forsyth NSW 56719

(NSW); near Coonabarabran, E. Wait NSW 82220 (NSW); 5-6.5 km SSE of

Coonabarabran, H. Salasoo 2328 (NSW).

9. Xanthorrhoea arenaria Bedford, Fl. Australia 46: 225 (1986).

T: c. 5 km NW of Coles Bay township, Tas., 26 Jan. 1984, D. Bedford

124; holo: NSW.

Trunk none; stem usually branched below ground; crowns 1 to many, each
an upright tuft. Leaves depressed-obtrullate to depressed-cuneate in
T.S., 2-3 mm wide, 1-1.7 mm thick, sometimes slightly grayish,
glaucous. Scape 20-60 cm long, 5-9 mm diam. Spike shorter than
scape, occasiocnally equal to scape, 7-30 cam long, 18-24 mm diam.
Cluster-bracts wvery prominent, elongated, subulate, glabrbus.
Packing-bracts subulate, glabrous. Sepals triangular to narrowly
triangular, with very long beak, with proboscis, glabrous. Petals
erect to slightly recurved, with proboscis, glabrous except papillose

hairs at apex and on proboscis.

Occurs on the N and NE coast of Tas., usually in low-lying sandy

areas, Flowers June-Jan. Map 4, Figure 5.9.

Tas.: E of Tamar R., M. Cameron (AD, HO); Tam O‘Shanter Bay, W of

Weymouth, M. Bennett NSW 72129 (NSW); South Croppies Point, Honeysett

"B’ NSW 77853 (NSW); 5 km froam Cape Portlard, E. Rodway NSW 61296

(NSW); NE coast of Tas., June 1951, G. Sharman (HO)}.
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A.T. Lee, Contr. New South Wales Natl. Herb. 4: 54 (1966 a), regarded

this taxon as representing a hybrid between X. minor and X. australis.

10. Xanthorrhoea minor R.Br., Prodr. 1: 288 (1810).

T: Port Jackson, N.S5.W., 1803, R. Brown Tter Australiense 5773; lecto:

BM, fide D. Bedford, Fl. Australia 46: 227 (1986).

Illustration: A.T. lee, Contr. New South Wales Natl. Herb., Fl. Ser.

34: 5 (1966 by.

Trunk none; stem branched below grourd; crowns many, each a + erect
tuft. Leaves depressed-cuneate, often oconcave in T.S5., 1.9-3.5mm
wide, 1-1.5 mm thick, green, not glaucous. Scape 30-60 cm long, 3-8
mm diam. Spike 0.2-0.5 times as long as scape, 5-12 an long, 7-20 mm
diam. Cluster-bracts sometimes prominent, shortly acute to
triangular, distal, 1/3 glabrous to sparsely fringed with hairs,
proximally subglabrous to densely hairy. Packing-bracts shortly acute
to acute, subglabrous to hirsute. Sepals shortly acute, beaked,
sametimes with proboscis, glabrous to moderately hirsute. Petals
recurved, sametimes with proboscis, glabrous except papillose hairs at

apex. Figures 5.2, B, D.

Occurs in cocast and tableland areas of N.S.W., Vic. and in
south-eastern S.A. Depauperate plants of other species (e.g. X.

media, X. fulva, X. pumilio) sanetimes produce inflorescences with the

dimensions of X. minor, and are thus mistaken for it. They are
distinguished, however, by their leaf, bracts, and flower characters.
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The fruit of X. minor are also often distinctively curved with the

apices pointing upwards. There are 2 geographically separate
subspecies with sawe overlap of characters.

Packing-bracts + shortly acute, subglabrous to

fringed with hairs, abaxial surface glabrous;

petals white to cream (NSW) a. subsp. minor

Packing-bracts + acute, medium hairy on margins

and abaxial surface; petals yellow (Vic. & S.A) b. subsp. lutea

10a. Xanthorrhcea minor R.Br. subsp. minor

Cluster-bracts usually prominent for at least part of spike.
Packing-bracts + shortly acute; margins usuélly fringed with hairs;
abaxial surface usually glabrous. Petals broad, with proboscis, white

to crean.

Occurs mainly in the central coast and tableland areas of N.S.W., in
the area bourded by Gosford, Lithgow and Campbelltown; possibly also
present in north and south coastal areas. Usually grows on poorly
drained sites which are seasonally waterlogged, very often in clay

soils. Flowars Oct.-Nov. Map 5, Figure 5.9.

N.S.W.: East Hills, H.S. McKee 789 (NSW); Agnes Banks, R. Coveny 8437,

D. Benson & H. Bryant (NSW); Gladesville, H. Deane NSW 59870 (NSW);

Glenbrook, W. Forsyth NSW 25003 (HSW); between Burcka clearing and

Glenbrook, Lower Blue Mountains Natl. Park, D. Bedford 7949 (SYD).
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There is sane variability within this subspecies. Some plants
(including the lectotype at BM) have quite hairy bracts, while other
plants (such as a R. Brown collection at K) have less hairy, longer

ardd more acute bracts.

10b. Xanthorrhoea minor subsp. lutea Bedford, Fl. Australia 46: 228

(1986).

T: 3miles [c. 5 km) SSW of Nowa Nowa, Vic., 29 Oct. 1964, E.F.

Constable 5341; holo: NSW.

Cluster-bracts sametimes praminent, often obscure. Packing-bracts +
acute, medium hairy on margins and abaxial surface. Petals very

broad, savetimes with proboscis, yellow. Figure 5.11.

Occurs in  Vie. from the N.S.W./Vic. border to Naracoorte in

south-eastern S.A. Flowers Mar.-Apr. Map 6, Figure 5.9.

Vic.: Kiewa valley, J.R. Grig NSW 75660 (NSW); Park Orchards, North

Ringwood, 18 Nov. 1969, Q. McHaffie (MEL); Oakleigh, 11 Nov. 1893, A.
Morrison (AD); near Bellbrae, c. 11.3 km N. of Anglesea, 31 Jan. 1965,

L.A.S. Johnson (NSW).
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Between Millicent and

minor subsp. lutea, habit.

X.

Kingston, South Australia, Jan. 1985, D.J. Bedford 117, (NSW and AD).
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11. Xanthorrhoea bracteata R.Br., Prodr. 288 (1810).

T: probably Port Dalrymple [George Townl, Tas, R. Brown IJIter

Australiense 5772; holo: BM.

Trupk none, stem branched below grourvl; crowns 1 to many, each a +
erect tuft. Ieaves + very depressed—cuneate or very depressed-
-obtrullate in T.S5., 2.2-2.8 mm wide, 1-1.5 mm thick; ?green anrd not
glaucous. Scape 30-50 cm long, 5-8 mm diam. Spike c. 1/3 as long as
scape, 10-18 am long, 14-22 mm diam. Cluster-bracts praminent,
triangular to narrowly triangular, glabrous to very slightly
subglabrous . Packing-bracts triangqular to narrowly triangular,
glabrous to very slightly subglabrous. Sepals triangular, beaked,
without proboscis, glabrous. Petals reflexed, often without

proboscis, glabrous except papillose hairs at apex. Figure 5.3, H-K.

Occurs fram Waterhouse in north-eastern Tas. south to Hobart, in
heathlands and low-lying sandy places. Flowers Jan.-Feb. Map 1,

Figure 5.12.

Tas: near Clarence Point, West Tamar, 19 Mar. 1975, D.I. Morris (HO);

Badger Head Road, D.I. Morris 79154 (AD, HO); c. 1 km W of Bridport,

M. Bermett NSW 72396 (NSW); Bridport, Jan. 1948, M. Hart (BRI, HO);

Waterhouse, 1 Feb. 1961, W.D. Jackson (HO).

Although Brown stated that the type was collected at Port Jackson, all
later specimens which correspond with the type are from eastern Tas.
This strongly indicates that Brown oollected the type from Port

Dalrymple, now George Town.
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Figure 5.12 Species distributions:
1. X. bracteata

2. X. caespitosa

3. X. nana

4, X, dnmmondii

5. X. platyphyila

6. X. preissii
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A.T. Iee, Contr. New South Wales Natl. Herb. 4: 46 (1966 a), reduced

this taxon to synonymy with X. minor. It is very similar to the
latter, but is morphologically and geographically distinct and worthy

of specific rank.

12. Xanthorrhoea caespitosa Bedford, Fl. Australia 46: 226 (1986).

T: Meningie, S.A., 13 Nov. 1957, J.B. C(Cleland s.n.; holo: AD

966081326.

[X. australis auct. non R. Br.: J.M. Black, Fl1. S. Australia 3rd edn,

1: 361 (1978)1]

Trunk none; stem many-branched below ground; crowns many, each an
uneven open tuft. Leaves very depressed-cuneate in T.S., sanetimes
concave above, 3.2-7 mm wide, 1-2 mm thick, grey, glaucous. Scape
90-120 cm long, 10-17.5 mm diam. Spike c. 1/3-1/2 as long as scape,
45-65 am long, 22-28 mm diam. Cluster-bracts prominent, narrowly
triangular, subglabrous to fringed with hairs. Packing-bracts
narrowly triangular to subulate, fringed with hairs to moderately
hirsute. Sepals acute, with beak, without proboscis, distal 1/3
subglabrous to fringed with hairs. Petals + erect to recurved, with

large proboscis, distal 1/3 hirsute with short papillose hairs.

Figure 5.13.

Occurs in SE and Muarray regions of S.A. near or within the triangle
bounded by Meningie, Mt Gambier and Bordertown. Flowers Oct.-Dec.
 Map 2, Figure 5.12.
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Figure 5.13 X. caespitosa, habit. Between Salt Creek and Meningie,

South Australia, Dec. 1982, D.J. Bedford 121, (NSW, AD).
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S.A.: Dark Island Heath, 14.4. kn NE of Keith, R. Specht & R. Rayson

16 (AD); 48.8 km fram Salt Creek on road to Meningie, D. Bedford 121

(NSW); Fairview, c. 22 km from Naracoorte and c. 16 km N of Lucindale,

J. Cleland AD 98309269 (AD); rcad from Millicent to Kingston, 16.7 Jm

from Millicent, D. Bedford 118 (NSW).

In the past some specimens of this species have been identified as X.
australis in S.A., while others have been ascribed to a putative

hybrid swarm between X. australis and X, minor, see A.T.lee, Contr.

New South Wales Natl. Herb. 4: 54 (1966 a). The fruit are sanetimes

distinctively curved so that the apices point upwards.

13. Xanthorrhoea nana D. Herbert, J. & Proc. Roy. Soc. W. Australia 7:

83 (1921).

T: about 2 miles [c. 3 km]l NE of Bruce Rock, W.A., 25 Oct. 1920, D.A.

Herbert; lecto: PERTH, fide D. Bedford, Fl. Australia, 46: 228 (1986);

isolecto: MEL.

Trunk none or to 50 am long; stem many-branched; crowns usually 2-6,
each a stiff open tuft but together appearing as a single
hemispherical crown. Leaves depressed-obtrullate in T.S., c. 3 mm
wide, c. 2 mm thick, blue-grey, glaucous. Scape c. 30 an long, 10-15

mn diam. emerging horizontal then curved upwards. Spike + equal to

scape, 25-35 an long, 25-50 mm  diam, Cluster-bracts obscure or

prominent only at base of spike, shortly acute, hirsute at margins.

Packing-bracts shortly acute to acute, sparsely to densely hirsute on

distal 1/3 mainly at margins, Sepals obtuse, beaked, often with
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median abaxial ridge, without proboscis, hirsute along ridge and apex.
Petals erect, with proboscis, glabrous. Figqures 5.2, U, 5.4, E-F,

5.14.

Occurs in inland south-western W.A. between Lake Grace and Iake Moore,
growing in yellow sand and yellow sandy clay in heath and malleec

shrubland. Flowers Sept.-Oct. Map 3, Figure 5.12.

W.A.: c. 26 km N of Hyden Track along No. 1 Rabbit Proof Fence, K.M.
Allen 815 (PERTH); Wialki-Bonnie Rock district, 11 Sept. 1957, A.R.

Main (PERTH); c. 10 km W of Lake King, R.H. Kuchel 1863 (AD); 7.5 km

from PBruce Rock towards Merredin, D. Bedford 67 & T.D. Macfarlane

(NSW, PERTH); 69.5 km E of Southerm Cross towards Coolgardie, D.

Bedford 71 & T.D. Macfarlane (NSW, PERTH).

Distinguished by very pangent leaves, and curved scape and spike which

arerge fram crown + horizontally then tum at + 90° (Figure 5.14).

14. Xanthorrhoea dnumondii Harvey, Hooker's J. Bot. Kew Gard. Misc.

7: 57 (1853).

T: near Perth and elsewhere, W.A., J. Drummond s.n., apparently lost;

Wedin Siding, W.A., 28 Nov. 1982, D.J. Bedford 46 & T.D. Macfarlane;

nec: NSW, fide D.J. Bedford, Fl. Australia 46: 226 (1986); isoneo:

PERTH.

[X¥. reflexa auct. non D. Herbert: D.A. Herbert, J. & Proc. Roy. Soc.

W. Australia 6: 33 (1920); W.E. Blackall & B.J. Grieve, How to Jnow W.

Austral, wWildfl. 70 (1954)]
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Figure 5.14 X. nana, habit. 69.5 km E of Southern Cross towards

Coolgardie, Nov. 1982, D.J. Bedford 71, and T.D. Macfarlane (NSW,

PERTH) .
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Trunk to 2 m long; stam usually simple; crown usually 1; young leaves
in + stiffly erect tuft; older leaves often strongly reflexed. Leaves
quadrate-rhambic in T.S., 1.8-2.5 mm wide, 1.5-2.3 mm thick,
grey-green, glaucous, Scape 50-90 am long, ¢. 30 mm wide. Spike c.
1.5-2 times as long as scape, 120-180 an long, 55-65 mm diam.
Cluster-bracts obscure. Packing-bracts shortly acute to acute, medium
to densely hirsute. Sepals obtuse, with short beak, without
proboscis, centre line and beak medium to densely hirsute. Petals +
erect, with proboscis, glabrous except for hairs at apex. Figures

5.2, H, 5.4, A-B, N-O, 5.15.

Occurs in W.A., fran Dongara southwards, E of the Darling Range, as

far as Wagin. Flowers Sept.-Nov. Map 4, Figure 5.12.

W.A.: Lake Indoon, Dongara, D.J. Bedford 93 & T.D. Macfarlane (NSW<

PERTH); near Boyagering Ck, Toodvay, T.D. Macfarlane 1135 (NSW,

PERTH); between York and Spencer Brook, D.J. Bedford 59 & T.D.

Macfarlane (NSW, PERTH); 4.5 km WSW. of Naman Lake on rocad between

Murdoch Road and Toolibin, D. Bedford 45 & T.D. Macfarlane (NSW,

PERTH); Wagin, C.A. Gardner 1231 (PERTH).

The spike is distinctively dark brown at flowering and is hirsute at

X10 magnification {Figure 5.4, N-0O).

Same populations in the Dongara - Lake Indcon - Jurien region N of
Perth resemble this taxon but differ from it by having less glaucocus
leaves and less hairy bracts. These populations may be an undescribed
subspecies of X. drummondii.
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Figure 5.15 X. drumondii, habit, Lectotype, Wedin Siding, W.A., 28

Nov. 1982, D.J. Bedford 46 & T.D. Macfarlane.

328



15. Xanthorrhoea platyphvlla Bedford, Fl. Australia 46: 228 (1986).

T: 36.5 km MW. of Esperance on road to Ravensthorpe, W.A., 27 Nov.

1982, D. Bedford 35 & T.D. Macfarlane; holo: NSW; iso: PERTH.

Trunk usuvally none, rarely to 60 an long; stem usually simple; crown
usually 1, in an erect dense tuft. ILeaves depressed-obtrullate to
depressed-cuneate in T.S., 4-7.7 mm wide, 1.8-2.5 mm thick, green to
slightly blue—green, slightly glaucous. Scape 50-80 am long, 25-30 mm
diam. Spike 2-3 times longer than scape, 95-165 am long, rarely to
2.65 m, 40-60 mm diam. Cluster-bracts almost obscure, shortly acute
to acute, subglabrous. Packing-bracts shortly acute, subglabrous to
fringed with hairs. Sepals acute, with wvery short beak, without
proboscis, subglabrous, with a median line of hairs. Petals reflexed,

with proboscis, glabrous except for short hairs at apex.

Occurs in southern W.A., fram the Stirling Range E beyond Esperance.

Flowers June. Map 5, Figure 5.12.

W.A.: 25 km E. of Ravensthorpe, K. Newbey 9734 (PERTH); Esperance

Airport, A.S. George 9863 (NSW, PERTH); c. 65 km E of Esperance, R.H.

Kuchel 1650 (AD).

Several coollections from the geographic range of this species are
samewhat similar, but cannot be ascribed to it or in any other
described species. Their leaves are very similar to those of this
species but the spikes are shorter than the scapes and there are
differences in bract shape and hairiness. Such specimens most
probably represent one or more undescribed taxa but more collections
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and data are needed to resolve this.

16. Xanthorrhoea preissii Endl. in J.G.C. Iehmann, Pl. Preiss. 2: 39

(1846).

T: York [probably near Toodyay, perhaps the present-day Boyagerring Ck
which flows to Toodyay f£fram 10 km NEJ, W.A., 22 Mar. 1840, L. Preiss

1620; lecto: MEL 625774, fide D. Bedford, Fl. BAustralia 46: 228

(1986).

X. pecoris F. Muell., Fragm. 4: 110 (1864). T: Gordon River, W.A., A.

Oidfield 628; holo: MEL 625762.

X. reflexa D. Herbert, J. & Proc. Roy. Scc. W. Australia 6: 33 (1920).

T: Blackboy Hill, 15 miles [c. 24 km} £fram Perth, W.A., Oct. 1919,

D.A. Herbert s.n.; holo: MEL 625775.

Trunk to over 3 m long; stem simple or branched; crowns 1 to few, each
an uneven hemisphere. Leaves gquadrate-rhanbic to transverse-rhanbic
in T.S., 2.2-2.8 nm wide, 2.1-2.4 mm thick, green, not glaucous.
Scape 60-100 am long, 20-30 mm diam. Spike c. 2-3 times longer than
scape, 150-250 om long, rarely to 320 om, 3060 mm diam.
Cluster-bracts cbscure. Packing-bracts shortly acute to triangular,
distally glabrous to very slightly subglabrous, the proximal margins
and adaxial surface glabrous to hairy. Sepals shortly acute to acute,
without beak or proboscis, subglabrous to sparsely hairy. DPetals
recurved, with proboscis, glabrous except at apex. Figures 5.2, P,
5.4, C-D, 5.16.
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Figure 5.16 X. preissii, habit. Near Perth, Westemmn Australia, Nov.

1982, D.J. Bedford 52 and T.D. Macfarlane, (NSW, PERTH).
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Widespread in south-westerm W.A. Flowers Jan.-Nov. Map 6, Figure

5.12.

W.A.: Albany Hwy, SE of Mt Cocke, T.D. Macfarliane 737 (NSW, PERTH);

5.7 km S of HNanson on Yuna to Geraldton Road, D.J. Bedford 86 & T.D.

Macfarlane (NSW, PERTH); Cape Iecuwin, D.J. Bedford 14 & T.D.

Macfarlane (NSW, PERTH); Blackboy Hill, Swan View, near Perth, D.J.

Bedford 53 & T.D. Macfarlane (NSW, PERTH); road to Bannister from

Wandering, D.J. Bedford 52 & T.D. Macfarlane (NSW, PERTH).

The bracts on the spike are distinctly green at flowering. There is
considerable variation in leaf width and thickness, and a little
variation in leaf shape. The type has narrow leaves, quadrate-rhambic
in T.5., 1.7 mm wide, 1.5 mm thick, whilst specimens in lateritic or
loam soils and in higher rainfall areas have larger leaves,
transverse-rhambic in T.S., sometimes tending to be wider than they

are thick, to 3.3 mn wide and 2.5 mm thick.

The type of X. reflexa belongs to this taxon, although parts of

Herbert’s description and his photograph refer to X. drummondii.

17. Xanthorrhoea quadranqulata F. Muell., Fragm. 4: 111 (1864).

T: [St Vincent Gulf], S.A., 3 Feb. 1848, F., Mueller; lecto: MEL

625754, fide D. Bedford, Fl. Australia 46: 228 (1986); isolecto: K,

MEL, 625760.

Trunk to 2 m long; stem sawetimes branched; crowns usually 1 or 2,
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hemispherical. Leaves quadrate-rhowbic in T.S., c. 1.8 mm wide, 1-1.5
mm thick, very blue-grey, glaucous. Scape ¢. 55 am long, c. 12 mm
diam. Spike length usually less than scape, c¢. 30 cm long, c. 30 mm
diam. Cluster-bracts obscure. Packing-bracts shortly acute to acute,
subglabrous . Sepals shortly acute, beaked, without proboscis,
subglabrous. Petals shortly recurved, sametimes with very small

proboscis, glabrous except for tuft of short hairs at apex.
Occurs in S.A. from St vincent Gulf to the northern Mt Lofty Ranges.
Inhabits dry rocky sites, especially ridges, but also heavy clay

soils. Flowers Mar.-Aug. Map 1, Figure 5.17.

S.A.: Oraparinna Natl Park, D.E. Symon 7214 (NSW); Mt Griselda,

Arakoola, B.G. Briqgs 4664 (NSW); Arakocla Sanctuary, R.H. Kuchel 2976

(AD); Black Hill, c. 12 km E of B2adelaide, D.J.E. Whibley 914 (AD);

Parrabana Springs, 125 km E of Blinman, J. Carrick 2035 (AD).

Bracts are dark brown at flowering.

18. Xanthorrhoea pumilio R.Br., Prodr. 288 (1810).

T: Port Curtis, near Gladstone, Qld, 1802, R. Brown Iter Australiense

774; holo: BM.

Syn. Xanthorrhoea johnsonii A. Lee, Contr. New South Wales Natl. Herb.

4: 49 (1966 a)

T: between Dimbulah and Petford, W of Mareeba, Qld, 20 May 1962,
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Figqure 5.17 Species distrilutions:

1. X. quadranqulata

2.

3.

X.

media

X

. X. latifolia subsp. latifolia
. X. latifolia subsp, maxima

. arborea
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L.A.S. Johnson NSW 61293; holo: NSW.

Trunk none or up to 60 am long; stem simple or branched; crown 1;
leaves broadly spreading or recurved. Leaves transverse-linear to
very depressed-obtrullate or very depressed—cuneate in T.S., 1.7-2.3
m wide, 0.7-1.2 mm thick, green, not glauccus. Scape 50-180 an long,
rarely to 210 an, 5-11 mm diam. Spike less than 1/4 as long as scape,
5-40 an long, 14-23 mm diam. Cluster-bracts obscure. Packing-bracts
obtuse to shortly acute, glabrous to subglabrous. Sepals shortly
acute, without beak or beak very short, sometimes with a short median
abaxial ridge, without proboscis, glabrous. Petals recurved, with

proboscis, glabrous except hirsute apex.

Occurs in Qld. from Cooktown to Gladstone and W to the Great Dividing

Ra. Flowers Apr.-May. Map 2, Figure 5.17.

Q1d: Ravenshoe, P. Mesmer NSW 59789 (NSW); 16 m S of Innisfail, D.E.

Boyland 550 & J.G. Gillieat (BRI); 41.7 km N of Townsville, D.J.

Bedford 7612 (SYD); 35 km S of Bowen, D. Bedford 7609 (SYD); between

Lowmead and Agnes Water, D. Bedford 7724 (SYD).

Distal one-third of packing-bracts are dark brown at flowering. This
very small species is sometimes hard to distinguish from small plants

of X. almae and X. latifolia.

19. Xanthorrhoea media R.Br., Prodr. 288 (1810}.

T: Port Jackson, N.S.W., R.Brown; n.v. apparently lost, fide A.T. Lee,
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Contr. New South Wales Natl. Herb. 4: 47 (1966 a); Parramatta, N.S5.W.,

Nov., 1897, J.H. Camfield NSW 59863; neo: NSW, fide A.T. lLee, loc. cit,

Trunk none or up to 30 am long; stem and crown usualiy 1, +
hemispherical. Ieaves transverse-rhambic in T.S., 2-2.8 nm wide,
1.1-1.5 mm thick, mid to dark green, not glawvcous, Scape 100-180 am
leng, rarely to 210 cm, 7-11 mm diam. Spike less than 1/2, rarely
equal to or silightly longer than scape, 35-950 am long, 20-27 mm diam.
Cluster-bracts almost cbscure, saretimes at base only, shortly acute
to narrowly trianqular, abaxially hirsute. Packing-bracts shortly
acute to acute, glabrous to moderately hirsute. Sepals shortly acute
to acute, with short beak and median abaxial ridge, without proboscis,
subglabrous to slightly abaxially hirsute. Petals recurved, sanetimes

with proboscis, glabrous except hairs at apex. Figure 5.2, I, O.

Occurs fram Stony Hill +to Hill Top on the central coast of N.S.W. as
far north as Sandy Hollow. Grows on sandstone, usually on the drier,
more exposed ridges and hillsides. Flowers Aug.-Mar. Map 3, Figure
5.17.

N.S.W.: Hawkesbury R., A.T. Iee NSW 61291 (NSW); . Blaxlands Ridge, c.

16 km NE of Kurrajong, E.F. Constable 4208 (NSW); 42 Manor Road,

Hornsby, A.T. Iee NSW 81658 (NSW); Warrimoo, E.F. Constable NSW 59862

(NSW); Hill Top, E. Cheel NSW 59844 (NSW).

Same larger plants on the central coast of N.S.W. (Sandy Hollow to
Grassy Hill) have prominent cluster-bracts over the entire length of
the spike. Further research is necessary to determine the status of

these specimens. A.T. Lee, Contr. New South Wales Natl. Herb. 4:

47-48 (1966 a), regarded them as possible hybrids with X. australis
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subsp. australis.

20. Xanthorrhoea latifolia (A. Lee) Bedford, Fl. Australia 46: 227

(1986).

X. media subsp. latifolia A. Lee, Contr. New South Wales Natl. Herb.

4: 48 (1966 a). T: Beerwah, Qld, May 1962, E.F. Constable NSW 61667;

holo: NSW; iso: AD.

Trunk none or up to 3.6 m long; stem branched or single; crowns 1 to
many, each with spreading mature leaves; young leaves in + erect tuft.
Leaves narrowly transverse-rhambic to very depressed-cuneate in T.S.,
2.4-10 mm wide, 0.7-3.5 mm thick, bright-green, not glaucous. GScape
75-210 cm long, 7-20 mm diam. Spike shorter than or almost equal to
scape, 30-150 an long, 18-41 mm diam. Cluster-bracts obscure.
Packing-bracts cobtuse, shortly acute to acute, glabrous to fringed
with hairs, sometimes abaxially hirsute. Sepals shortly acute to
acute, without proboscis, with short beak ard median abaxial ridge,
subglabrous to slightly hirsute. Petals recurved, with proboscis,

glabrous except at apex.

Occurs in ooastal regions from Wyong, N.S.W., to Cape Clevelarnd, Qld,

usually in sandy or gravelly soil. There are 2 subspecies.
Leaves 2.4-5.7 mm wide, 0.7-1.7 mm thick; spike c. 1/2 as
long or almost equal to scape; packing bracts obtuse

to shortly acute a. subsp. latifolia
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Leaves 4.2-10 mm wide, 1-3.5 nmm thick; spike less than 1/2

as long as scape; packing-bracts acute b. subsp. maxima

20a. ZXanthorrhoea latifolia (A. Iee) Bedford subsp. latifolia

Trunk none or up to 2 m long; crowns 1-4. Ieaves narrowly
transverse-rhambic to very depressed-cuneate in T.S., 2.4-5.7 mm wide,
0.7-1.7 mm thick, bright green. Scape 100-210 cm long, 10-16 mm diam.
Spike c. 1/2 as long or almost equal to scape, 50-120 cm long, 21-33

mn diam. Packing-bracts obtuse to shortly acute. Figure 5.2, J.

Occurs fram Wyong, N.S.W., to Cape Cleveland, OQld. Usually grows in
sandy or gravelly soil in sclercphyll forest. Flowers Mar.-Oct. Map

4, Figqure 5.17.

Qid: Kroambit Tableland, I.R. Telford 5517 (CBG, NSW). N.S.W.: c. 1.6

km of Karuah, E.F. Constable 4788 (NSW); junction of Pacific Hwy and

Lake Munmorah Road, c. 16 km NE of Wyong, E.F. Constable 4303 (NSW).

Sare specimens have much narrower leaves than typical plants, such
depauperate specimens are usually found in habitats only marginally
suitable for the species or to be stressed by poor seasons or disease.
They can saretimes appear similar to, and possibly be mistaken for,
small specimens of X. almee or large specimens of X. pumilio. Sare
specimens fram ooastal sand areas between the Hawkesbury and Hunter
Rivers, N.S.W., have procminent cluster-bracts and triangular
packing-bracts. These specimens are most probably hybrids with X.
glauca subsp. glauca as a hybrid swarm has been observed in such a
situation near Nelson Bay. Similar specimens are sametimes found on
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the sardstone ridges near Central Mangrove in New South Wales, and may
be subspecifically distinct. Specimens north of the Hmnter R. but
south of the Queensland border (in New Scuth Wales) are smaller and

more slender than the type and may also be subspecifically distinct.

20b. Xanthorrhoea latifolia subsp. maxima Bedford, Fl. Australia 46:

227 (1986).

T: Mt Warning, near Murwillumbah, N.S.W., 2 June 1962, E.F. Constable

NSW 61357; holo: NSW.

Trunk ncne or up to 3.6 m long; crowns usually many. Leaves narrowly
transverse-rhorbic in T.S., 4.2-10 mm wide, 1-3.5 mm thick, bright
green. Scape 75-210 om long, 12-17 mm diam. Spike less than 1/2 as

long as scape, 45-60 am long, 28-35 mm diam. Packing bracts acute.
Occurs in wet sclerophyll forest on the summit of Mt Warning and at
Minyon Falls and Mebbin State Forest, N.S.W. Flowers June-Oct. Map

5, Figure 5.17.

N.S5.W.: Minyon Falls, Whian Whian State Forest, E.F. Constable NSW

61360 (NSW); near Minyon Falls, Whian Whian State Forest, L.A.S.

Johnson & H.C. Hayes NSW 613581 (NSW).

This subspecies has distinctively large, swollen leaf bases which are

sometimes dark red.
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21. Xanthorrhoea arborea R.Br., Prodr. 288 (1810).

T: Port Jackson, N.S.W., 17 May 1802, R. Brown; n.v. apparently lost,

fide A.T. Iee, Contr. New South Wales Natl. Herb. 4: 49 (1966 a);

Manly, N.S.W., Jan. 1900, E. Cheel NSW 56675; neo: NSW, fide A.T. lee,

loc. cit.

Trunk usually 1-2 m long; stem simple or branched; crown 1 to meny,
each an uneven hemisphere or older leaves falling away from new
upright tuft. Leaves narrowly transverse-rhambic to transverse-linear
or concave in T.S., 5-7 mm wide, 0.8-1.9 mm thick, green or dull
green, glaucous. Scape 135-165 an long, rarely to 210 cm, 12-16 mm
diam. Spike 2/3 to as long as scape, 100-150 cm loryg, 25-28 mm diam.
Cluster-bracts obscure. Packing-bracts shortly acute, occasionally
acute, fringed to moderately hirsute. Sepals shortly acute, without
proboscis, beaked, usually subglabrous to + abaxially hirsute. Petals
recurved, with proboscis, glabrous except a terminal tuft of very
short hairs. Figures 5.2, G, X, N, 5.3, LQ.

Occurs on the central coast and adjacent tablelands of N.S.W., fram
Rylstone to just S of Swdney. Grows in sand or on sandstone, usually

in sheltered sites. Flowers Jan.-Apr. Map 6, Figure 5.17.

N.S.W.: between Mt Coricudgy and Currant Mountain Gap (E of Rylstone),

A. Ige NSW 83579 (NSW); Grassy Hill, on Windsor-Putty Road, E.F.

Constable 4211 (NSW); c. B8 km N of Ten Mile Hollow, W of Mangrove Ck,

H.S5. McKee 764 (NSW); c. 5.5. km NE of Mt Irvine, E.F. Constable 1

(NSW); Heathcote, E. Cheel NSW 61370 (NSW).

Packing-bracts are dark brown at flowering.
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22. ZXanthorrhoea thorntonii Tate, Rep. Hom Sci. Exped. Centr.

Australia 3: 191 (1896).

T: James Range, N.T., June 1894, R. Tate; syn: AD, MEL. No specimens

from the other localities cited by Tate have been found.

Trunk to 5 m long; stem and crowns 1 or 2; young leaves + erect; older
leaves sametimes strongly reflexed or absent by abscission. ILeaves +
quadrate-rhambic in T.S., 2-2.2 mmwide, c¢. 1.6 mm thick, slightly
grey-green, glaucous. Scape 60-80 om long, 25-35 mm diam. Spike
1.5-2 times as long as scape, 100-150 an long, 50-60 mm diam.
Cluster-bracts obscure, rarely praminent at base of spike, narrowly
triangular, glabrous or almost so. Packing-bracts shortly acute to
triangular, glabrous to subglabrous, light brown. Sepals shortly
acute, with very short beak, without proboscis, glabrous. Petals
erect, with proboscis, sanmetimes with beak, glabrous except hairs at

apex. Figure 5.18.

Qccurs in scattered localities in central Australia (S.A. & N.T.) and
central-eastern W.A. Grows in yellow to red sand, usually on plains

with Triodia spp. Flowers Sept.-Dec. Map 1, Figure 5.19.

W.A.: Queen Victoria Spring, D.J. Badford 76 & T.D. Macfarlane (NSW,

PERTH); c. 21 km E of Cosmo Newberry on Warburton road, A.S. George
8102 (PERTH); near Docker Ck, Petermann Ra., 29 June 1958, J.B.

Cleland (AD)}. N.T.: Gosse Bluff area, D.J. Nelson 1359 (AD, NSW, NT).

Packing-bracts are light brown; the petals are chartaceous rather than
+ soft and membranous.
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Figure 5.18 X. thorntonii, habit. Gindalbie Station, Western

Australia, Nov. 1982, D.J. Bedford 80 and T.D. Macfarlane, (NSW,

PERTH) .
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Figure 5.19 Species distributions:

1. X. thormntonii

2. X. almae

3. X. malacophylla

=9

. X. glauca subsp. glauca

[%)]

. X. glauca subsp. anqustifolia

6. X. acanthostachya







23. Xanthorrhoea almae sp. Nov.

Auct. non Xanthorrhoea johnsonii A. Lee, Contr. New South Wales Natl.

Herb. 4: 45 (1966 a).

T: Moggill State Forest, May 1977, D. J. Bedford 7759; Holo: NSW,

Trunk 10 am to 5 m longg, usually 30 cm to 2 m; stem and crown usually
1; young leaves in spreading upright tuft; old leaves often strongly
reflexed. Leaves + quadrate-rhambic to transverse-rhambic in T.S.,
1-2.5 mm wide, 0.8-1.8 mm thick, green, not glauccus. Scape 75-190 am
long, 7-20 mm diam. Spike 0.75-1.25 as long as scape, 20-120 an long,
rarely to 225 am, 20-40 mm diam. Cluster-bracts praminent only in
lower portion of spike, acute to narrowly triangular, subglabrous to
moderately hirsute. Packing-bracts shortly acute to acute, the distal
1/3 subglabrous to moderately hirsute. Sepals shortly acute, beak
absent or very short, sametimes with proboscis, often with median
abaxial ridge, glabrous to subglabrous. Petals erect to recurved,
with proboscis, glabrous except same hairs abaxially at apex. Fiqure

5.2, T.
Widespread in Qld and on the coast, tablelands and western slopes as
far S as Singleton in N.S.W., usually in sclerophyll forest and heath.

Flowers Apr.-Dec. Map 2, Figure 5.19.

Qld: 40 km fram Cooktown, W of Annan R. crossing, D.J. Bedford 7759

(S5YD); Wof Mt Garmet (75 km W of Ravenshoe) D.J. Bedford 76-5:

Tinarco Dam, D.J. Bedford 7764 (SYD); Chermside Hills, Brishane, S.T.

Blake 23562 (BRI). N.S.W.: 56 km fran Singleton on Putty Road, D.
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Bedford 201 (NSW, SYD).

The most comon and widespread species of Xanthorrhoea in Qld.,
occurring over a wide geographic and envirommental range.  Extremely
variable, showing oonsiderable variation (mostly within the range
quoted above) in most characters, including leaf width and thickness,
scape length to spike length ratio (which often vary within one
population) and bract shape and hairiness (although the more hirsute
specimens found almost certainly result from gene flow fram X. fulva).
Hybridises with X. fulva in coastal south-eastern Qld, the offspring

sametimes resewbling X. resinifera.

This new species is named after Alma T. Iee (the name means Alma's
Xanthorrhoea), both because it was Alma Iee who first alerted me to
the possibility that the species might exist, and in reccgnition of
her ground-breaking work on the genus.

No latin description is included here because this description is not
valid nor effective publication under the rules of botanical

namenclature. It will be published separately.

24. Xanthorrhoea malacophylla Bedford, Fl. Australia 46: 227 (1986).

T: Camp Ridge Trig., Queens lake State Forest, 5 miles {8 km] MNNE of

Kew, N.S.W., 15 May 1964, E.F. Constable 4792; holo: NSW.

Trunk usually 2-6 m long; stem branched, sametimes single; crowns
1-10; new leaves in + erect tuft; mature leaves spreading, lax.
Ieaves transverse-rhombic to depressed-obtrullate in T.S., distally
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transverse-linear, 2.5-3.5 mm wide, rarely to 6.7 mm, 1.3-2.4 mm
thick, green to bright green. Scape 135-185 am long, 20-30 mm diam.
Spike 0.6-1.6 as long as scape but usually equal to scape, 110-180 an
long, 30-50 mm diam. Cluster-bracts prominent for at least basal 10%
of spike length, rarely obscure, narrowly triangqular, subglabrous to
fringed. Packing bracts acute, subglabrous. Sepals acute to
trianqular, with beak 0.5 mm 1long, without proboscis, glabrous to
subglabrous. Petals recurved, sometimes without proboscis, glabrous

except hairs at apex.
Occurs on coastal ranges of N.S5.W. from Wyong north almost to Casino,
on steep rocky hillsides, usually in moist or wet sclerophyll forest,

or at rainforest marngins. Flowers May-Sept. Map 3, Figure 5.19.

N.S.W.: Coramba Mtn, c. 8 km NW. of Coffs Harbour, E.F. Constable 4825

(NSW): Mt Boss State Forest, NW. of Wauchope, J.C. Cousins NSW 56762

(NSW); €Camden Haven, J.B. Cleland NSW 56760 (NSW); Alum Mt,

Bulahdelah, E.F. Constable 4296 (NSW).

Distinct in having a very tall trunk, and + bright-green leaves which
are unusually spongy and soft campared with most other species.
Packing-bracts and sepals are dark brown.

A.T. Lee, Contr. New South Wales Natl. Herb. 4: 52 (1966 a) and Contr.

New South Wales Natl. Herb., Fl. Ser. 34: 6-7 (1966 b), considered

this species to be a hybrid between X. australis and X. media subsp.

latifolia (= X. latifolia).
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25, Xanthorrhoea glauca Bedford, Fl. Australia 46: 226 (1986).

T: edge of Levers Plateau, Qld, 4 July 1977, D. Bedford 7776; holo:

NSW.

Trunk 1-5 m long, branched or single; crowns 1 to many, + spherical.
Ileaves quadrate-rhanbic to narrowly  transverse-rhanbic in T.8.,
1.3-5.2 mm wide, 0.9-2.4 mm thick, blue—green to grayish, glaucous.
Scape 50-100 cm long, 18-46 mm diam. Spike 1.5-4 times as long as
scape, rarely equal to scape, 100-200 an long, rarely to 250 cm, 35-77
mm diam. Cluster-bracts praminent for most of spike length, +
narrowly trianqular, subglabrous. Packing-bracts acute or triangular,
subglabrous, rarely glabrous. Sepals acute to narrowly triangular,
beaked, without proboscis, glabrous except hairs in beak. Petals
erect to slightly recurved, with proboscis, glabrous except hairs at

apex. Figures 5.20, 5.21.

Cccurs in N.S5.W. and south-—eastern Qld. There are 2 subspecies, with

sane overlap of characters where their distributions abut.

Ieaves + transverse-rhawbic to narrowly transverse-

rhombic in T.S., 2.5-5.2 mm wide, blue-green a. subsp. glauca

Leaves + quadrate-rhambic to broadly transverse-
rhombic in T.S., 1.3-2.8 mm wide,

grayish b. subsp. angustifolia
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Figure 5.20 X. glauca subsp. glauca. Queensland edge of Lever’s

Plateau, Sept. 1977, D.J. Bedford P77M6, (SYD).

1. Habit.

Figure 5.21. Praminent cluster-bracts at the base of the spike, over .
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25a. ZXanthorrhoea glauca Bedford subsp. glauca.

Leaves transverse-rhambic to narrowly transverse-rhambic in T.S.,
distally transverse-linear, 3-4 mm wide, 1-1.6 mm thick. Scape 27-46
mm diam. Spike 100-200 am long, 40-60 mm diam. Cluster-bracts with
hairs only on proximal abaxial surface; margins glabrous. Packing
bracts acute or triangular. Sepals triangular to narrowly triangular,

with a beak to 1.5 mm long. Fiqures 5.20, 5.21.

Occurs on the northern coast and tablelands of N.S.W., and in
south-eastern Qld, fram Newcastle to Gayndah. Grows on steep slopes
and ridges mainly in rich basaltic soils and, at same sites in N.S.W.,
in serpentine soils, and in deep sard on coastal N.S.W. from Newcastle

to Byron Bay. Flowers June-Oct. Map 4, Figure 5.19.

Qld: c. 16 ki NW of Gayndah, S.L. Everist 7942 (NSW); Great Dividing

Ra., near Toowoarba on the Warrego Hwy, D. Bedford 7770 (NSW, SYD); c.

3 km SW of Rathdowney, 1977, D.J. Bedford (SYD).  N.S.W.: Black

Cutting, Tomalla Road via Moonan Flat [sic), R.W. Earp NSW 56570.

Populations on the coastal dunes from Byron Bay to Newcastle, N.S.W.,

hybridise with X. fulva and X. latifolia in distinct short-range

hybrid swarmms. These populations growing on sand cannot be
distinguished morphologically fram populations on the more typical
rich basaltic soil substrates, although it appears unlikely for the
one species of Xanthorrhoea to occupy such different habitats. A.T.

Lee, Contr. New South Wales Natl. Herb. 4: 48 (1966 a) regarded this

taxon as part of a very large hybrid swarm between X. australis and X.
latifolia.
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25b. Xanthorrhoea glauca subsp. anqustifolia Bedford, Fl. Australia

46: 226 (1986).

T: Smiles [8 km]l] NW of Coonabarabran on Bugaldie Road, N.S.W., 13

Dec. 1961, E.F. Constable NSW 61353; holo: NSW.

Leaves quadrate-rhombic to broadly transverse-rhanbic in T.S., 1.32-2.8
mm wide, 0.9-1.6 mm thick. Scape 18-40 mm diam, Spike 100-160 am
long, 40-50 mm diam. Cluster-bracts with hairs mainly at margins.

Packing-bracts acute. Sepals acute, with beak to 0.5 mm long.
Occurs in N.S.W. along the ranges of the Great Divide fram the slopes
of the Snowy Mts to Inverell, usually on rocky (limestone, trachyte)

and gravelly slopes. Flowers Sept.-Dec. Map 5, Figure 5.19.

N.S.W.: Mt Nambi, 27 km SW of Mullaley, A.N. Rodd NSW 112483 (NSW);

Guneemooroo Stn, 10 km NNE of Tooraweenah, E.F. Constable NSW 61352

(AD, NSW); Winburndale Ck, c. 19 km N. of Bathurst, E.F. Constable NSW

63506 (NSW). A.C.T.: Mt McDonald, N.T. Burbidge 6713 (CANB, NSW).

A.T. Lee, Contr. New South Wales Natl. Herb. 4: 51 (1966 a) and Contr.

New South Wales Natl. Herb., Fl. Ser. 34: 6-7 (1966 b), regarded this

subspecies as a good example of X. australis, but it differs fram the

latter in leaf, bract and floral characters.

SW.L. Jacobs & J. Pickard, Pl. New Scuth Wales 59 (1981), recorded

subsp. anqustifolia as X. australis subsp. australis (western form).
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26. Xanthorrhoea acanthostachya Bedford, Nuytsia 5: 317 (1985).

T: Chatfield Road, South Western Highway, c¢. 16 km N of North

Dandalup, W.A., 24 Nov. 1982, D.J. Baedford 4 & T.D. Macfarlane; holo:

NSW; iso: PERTH.

Trunk to 1.5 m long; crowns 1 or 2, + hemispherical. Leaves
quadrate-rhanbic in T.S., 2-2.3 mm wide, 1.5-2 mm thick, green to
slightly blue-green, slightly glaucous. Scape 40-50 am long, 7-16 mm
diam. Spike + equal in length to scape, 40-50 cm long, 20-40 mm diam.
Cluster-bracts wvery prominent, rarely only slightly prominent, very
elongated, subulate, glabrous, sametimes subglabrous. Packing-bracts
subulate or almost so, often twisted or folded, glabrous to
subglabrous . Sepals shortly acute, beaked, without prcboscis,
glabrous. Petals + erect, saretimes beaked, with proboscis, glabrous

except hairs in beak. Figures 5.2, Q, 5.4, G-L.
Occurs in the Perth region, W.A., on the coastal plain and slopes of
the Darling Scarp. Grows in lateritic soil and in grey sand overlain

with lateritic gravel. Flowers Aug.-Nov., Map 6, Figure 5.19.

W.A.: Harvey Dam Reserve, T.D. Macfarlane 659 (PERTH); Keysbrook, Nov.

1900, W.V. Fitzgerald (NSW); c. 8 km E of Mogqumber, 25 Aug. 1970, K.M.

Allan (PERTH).

A species known from few oollections, though field observations
suggest it may be reasonably widespread along the coast north of
Perth, The only species in W.A. with very prominent cluster-bracts,
and a distinctively prickly flowering spike.
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27. Xanthorrhoea australis R.Br., Prodr. 288 (1810).

T: Grass Tree Hill, near Risdon Cove, Tas., Feb. 1804, R. Brown Iter

Australiense 5775; holo: BM.

Trunk to 3 m; stem often branched; crowns 1 to many, each with young
leaves in erect tuft, spreading with age; old leaves often reflexed,
crown + spherical. Leaves quadrate-rhombic to transverse-rhambic in
T.S., occasionally depressed-obtrullate, 1.2-3 mm wide, 1-2.2 mm
thick, blue-grey, glaucous. Scape 30-50 om long, 18-40 mm diam.
Spike 2-6 times as long as scape, 110-180 an long, rarely to 2.5 m,
50-80 mm diam. Cluster-bracts very praminent, elongated, subulate,
glabrous. Packing-bracts elongated, subulate, glabrous. Sepals
triangular to narrowly triangular, with long beak, with proboscis,
glabrous. Petals erect to slightly recurved, with proboscis, glabrous

except papillose hairs at apex. Figures 5.2, R, 5.3, R-5, 5.22.

Occurs in northern and eastern coastal Tas. fram Rocky Cape to N.
Bruny Is., in south-eastern S.A. west to Lucindale, in Vic. south of
Wangaratta, and in N.S.W. south of Nowra. Flowers July-Dec. Map 1,

Figure 5.23.

S.A.: road to Glencoe, D. Bedford 116 (NSW). N.S.W.: Mt Bumbo Fire

Trail, Dampier State Forest, W. of Bodalla, E.F. Constable 448 (NSW).

Vic.: SE comer of Glenelg Natl. Park, D. Bedford 115 (NSW). Tas:

Sisters Ck, D. Martin NSW 67463 (NSW); road to Sloop Rock and the

Gardens, 3 km N of the Binnalong Bay turnoff, D. Wolfe NSW 66053

(NSW) .
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Figure 5.22 X. australis, habit. Near Glencoe, South Australia, Dec.

1982, D.J. Bedford 116, (NSW).
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Figure 5.23 Species distributions:
1. X. australis
2. X. semiplana subsp. semiplana

3. X. semiplana subsp. tateana
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A.T. Iee, Contr. New South Wales Natl. Herb., 4: 52-53 (1966 a),

described two subspecies of X. australis, but the species is here

restricted to its typical form. X. australis subsp. acaulis is

described above as X. acaulis. The X. australis subsp. australis

(western form) of S.W.L. Jacobs & J. Pickard, Pl. New South Wales 59

(1981), is described above as X. glauca subsp. anqustifolia.

28, Xanthorrhoea semiplana F. Muell., Fragm. 4: 111 (1864).

T: near Gawler, S.A., ? Nov. 1851, F. Mueller; lecto: MEL 625756, fide

D.J. Bedford, Fl. Australia 46: 229 (1986).

Trunk to 6 m long; crowns 1 to many, each an even sphere. ILeaves
narrowly transverse-rhambic to very depressed-cuneate in T.S., 5-12 mm
wide, c. 2.5 mm thick, bluish, very glaucous. Scape 80-120 cm long,
rarely to 2 m, 20-45 mm diam., Spike 1.5-2 times as long as scape,
150-250 om long, rarely to 4 m, 30-45 mm diam. Cluster-bracts
obscure. Packing-bracts subulate, glabrous. Sepals shortly acute to
acute, beaked, without proboscis, glabrous. Petals recurved, with

proboscis, glabrous except short hairs at apex. Figures 5.24, 5.25.

COccurs on the Eyre, Yorke and Fleurieu Peninsulas, Kangaroo Islard,
and south-eastern S.A., and probably in central-western Vic. Flowers

Oct.-Nov. There are 2 subspecies.

Spike relatively short and slender, 150-200 an long,

c. 30 mm diam; trunk to 1 m long a. subsp. semiplana
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Figure 5.24 X. semiplana subsp. semiplana, habit. 45 km from Kingscote

towards Flinders Chase, Kangaroo Island, Dec. 1982, D.J. Bedford P82M

(NSW) .
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Near Stun’sail boam

Figure 5.25 X. semiplana subsp. tateana, habit.

Bridge, Kangaroo Island, Dec. 1982, D.J. Bedford 104, (NSW, AD).
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Spike relatively long and stout, 235-265 am long,

40-45 mm diam; trunk 1-5 m long b. subsp. tateana

28a. ZXanthorrhoea semiplana F. Muell, subsp. semiplana.

Trunk absent or to 1m long. Scape 1-1.2 m long, c. 20 rm diam.

Spike 150-200 cm long, c. 30 mm diam. Figure 5.24.

Occurs on the Fleurieu Peninsula, south-eastern S$.A., and probably

western Vic. Map 2, Figure 5.23.

S.A.: ¢. 3 km SE of Willunga, 4 July 1957, R. Hill (AD); 3 km SSW of

Currency Ck, H. Eichler 15018 (AD); Tooperang, near Mt Compass, Oct.

1951, C.M. Eardley (AD); Mt Lofty Botanic Garden, J.R. Wheeler 121

(AD); 14 km fram Strathalbyn on road to Goolwa, D.J. Bedford 122

(NSW» .

28b.  Xanthorrhoea semiplana subsp. tateana (F. Muell.) Bedford, Fl.

Australia 46: 229 (1986).

X. tateana F. Maell., Z. Allq. Osterr. »Apotheker-Vereines 23: 294

(1885). T: Kangaroo Island, S.A., 1883, Samerville & Wilks: lecto:

MEL 625766, fide D. Bedford, Fl. Australia 46: 229 (1986).

Trunk 1-5 m long. Scape c. 90 am long, c¢. 45 mm diam. Spike 235-265

an long, 40-45 mm diam. Figures 5.2, F, 5.25.
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Occurs on the Eyre, Yorke and Fleurieu Peninsulas and on Kangaroo Is.,

S.A. Map 3, Figure 5.23.

S.A.: near Pearson Is., off W coast of Eyre Peninsula, May 1959, J.B.

Cleland (AD); Marble Ra., Eyre Peninsula, E.N.S. Jackson 3617 (AD);

Yacca Flat, Kangaroo Is., H. Eichler 15115 (AD); near Kelly Hill Natl.

Park, Kangarco Is., D.J. Bedford 104 (KSW).

Doubtful name

Xanthorrhoea undulatifolia Riccob. in L.H. Bailey, Stand. Cycl. Hort.

6: 3522 (1917).

T: not designated

Insufficiently described, most probably described fram a plant (?in

cultivation) showing abnormal undulating foliage, as saretimes found

as a result of insect or fire damage.

359



Chapter 6

CONCLUSIONS
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6.1 Summary of the conclusions in Chapters 2-5

Methodological conclusions fram the phenetic analyses

In the study of the X. pumilios/latifolia/johnsonii camplex in

Queensland a number of methodological considerations were discussed.

Primary amongst these was the possibility of statistically testing the
results of the classification. A classification produces an
hypothesis that there are a number of wvalid groupings or nested
subsets present in the total set of individuals or taxa in the
classification. It is desirable to test or corroborate such an

hypothesis in sare manner.

The possibility of testing the statistical significance of
classifications produced by SAHN and similar programs by using one of
the available analysis of variance (ANOWA) statistics such as an F
test was discussed. It is reported that such an exercise is
essentially tautological, and does not provide a test of the
significance in such a situation (pers. camn. J. Robinson). It was

concluded that there is no test of the statistical significance of a

classification in existence, but that it may be possible to
corroborate or support a classification, for example, by camaring it
with additional characters or samples.

Interpretation of ordination results was also discussed, particularly
in reference to the distinctive "horseshoe" curves described by same
authors for ecological ordinations, where such a distribution is
- regarded as an artifact of the method (arch effect of Gauch et. al.,
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1977, or horseshoe effect of Kendall, 1971). The possibility that
such a distribution curve in taxonomic data may have some information

content about the entities being ordinated is considered.

It is oconcluded that the curved distrilution of entities in a
taxonomic ordination most likely reflects that there is not a simple

linear relationship between the individuals or groups.

After a camparison of the results of the classifications and
ordinations it was concluded that the variation seen in the
individuals analysed was discontinuous, not continuous as in a c¢line,
and that therefcore the classifications presented the better summary of

the information content of the data.

Taxonomic coonclusions for Xanthorrhoea pumilio/latifolia/johnsonii

camplex

All classifications indicate that there are three discrete groups of
individuals with more or less equivalent levels of internal euclidean
distance dissimilarity in the data set (GP g8, GP Q arxd GP ). One of
the groups (GP B) is quite variable in all classifications, but
subsequent investigation of the internal structure of this group has

failed to find any clear cut distinctions within the group.

GP Q represents X. latifolia (Iee) Bedford as a single distinct

taxon, GP 8 represents a single taxon currently containing two type
specimens - X. pumilio R.Br. and X. johnsonii Iee, of which the former
name has priority. There is no type that falls within the range of
variation of GP 8@ arnd therefore this group requires a new name.
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It is proposed to name the species represented in the analyses by GP 0

as X. almae after Alma T. lLee (Chapter 5).

Conclusions from studies in  intergradation between ZXanthorrhoea

species

Hybridism on the Quaternary sand systems

Examples of the hybrid swarms postulated by Bedford (1986 a) and Lee
(1966 a and b) were documented on the Quaternary sard masses along the

east coast of Queensland and New South Wales.

Lack of evidence for hybridisation on older soils

Details were given of a study, at Pearl Beach, of the only example
found of apparent hybrids or intermediates on sandstone (pre-
(uatermary) substrates which had not been resolved by recognition of
the "intemediates" as a separate previously undescribed taxon by
Bedford (1986 &a). It was concluwled that the taxa present, X. arborea

and X. latifolia subsp. latifolia, did not hybridise or intergrade at

this site.

The studies in this chapter therefore support the hypothesis that
hybridisation does occur in ZXanthorrhoea, but not as extensively as
previously reported. The lack of evidence found for hybridism on
older soils during the extensive studies throughout BAustralia
conducted for the taxonamic revision of the genus (Chapter 5) supports
the hypothesis that hybridism is restricted to habitats on the
Quatermary age sand deposits along the east coast of Australia.
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It wvas also concluded that hybridism is only found where two species
meet on a wet—dry ecocline such that there is an intermediate habitat
with conditions not preferred by either parent. It appears that the
hybrids have habitat drainage preferences intermediate to those of
their parents and are therefore able more effectively to colonise the

internmediate habitat of the ecocline than are their parents,

The causative factors for such a restricted distribution of hybrids
were discussed. It was concluded that the relative youth of the
Quaternary sands, or possibly the series of sharp changes (advances
and retreats) they have undergone during the Pleistocene might cause
such hybridism to occur. These two conditions, relative youth and
fluctuating changing enviromment, are the kind of conditions that are
postulated to be the cause of inefficient barriers to gene flow, and

thus the increase the fommation of intermediates or hybrids.

It was considered that, as X. fulva is restricted in distribution to
the Quatemary sands, it has most likely evolved on the sand systems.
This was discussed relative to other taxa which are restricted to the
deep sand systems in the same way as is X. fulva (e.g. Caustis

recurvata amnxd PBucalyptus signata, Carolin, pers. cam.). It was

postulated that all these taxa have ewvolved on these sand systems,

which makes them between about 130,000 and 1,000,000 years old.

Cladistic studies

The cladistic analyses support the hypothesis that the Agavaceae are
the sister-group to the ZXanthorrhceaceae, and suggest a phylogenetic
" relationships of species.
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Characters

The paucity of reliable characters found for phenetic studies was
paralleled in the cladistic studies. Five characters were found to be
reliable evolutionary indicators, six characters were partially
reliable, and fifteen were shown as having parallel development or a
pattern of change in conflict with the character scoring. That is,
only the minority of the characters in the analysis were gocd or
reasonable indicators of the main evolutionary thrust of the genus.
Thus many of the apparent similarities in the genus are postulated to

be non hamlogous parallel developrents.

Taxoncmic implications of the cladogram

The application of Hennigian principles (1966) to Xanthorrhoea makes

same significant conceptual changes necessary within the genus. This
is mainly seen in the re-arrangement of taxa (Chapter 5) relative to

the arrangement in Bedford (1986 a).

The possibility of considering the divisions of the genus into clades
(e.g. as shown in Figures 4.2 and 4.3) as formal subgeneric groupings
of the species, as is done in many cladistic analyses, was discussed.
It was concluded that this classification should not be adopted as a
formal subgeneric classification at this stage. Rather it should be
regarded as a first approximation, which needs to be tested by
carmparison with data from other aspects of the group, possibly such as
protein or isocenzyme analyses, before it oould be regarded as a

reliable subgeneric classification.
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The biogeographic implications of the preferred cladogram were also
discussed. The finding that the closest two branches of the clade are
widely geographically separated (eastern Australia and south-west
Western Australia respectively) was considered significant for the
evolutionary history of the genus. In biological terms this infers
that the genus is older than the biological isclation of eastem

Australia fram western Australia.

The result of component analysis of the full area-cladogram, which
yvields only one possible resolved cladogram for all the areas in which
taxa occur, was discussed. The resulting reduced-area-cladogram
specifies a series of historical area relationships which can then be

interpreted in biological temms for the evolution of the genus.

The area—cladograms for Xanthorrhoea were also campared with known or
presuned events in the geological history of Australia in order to
establish hypotheses about possible vicariance events involved in the

separation of areas in the area-cladogram.

It is oconcluded that the wvicariance events for ZXanthorrhoea
hypothesised by the area—cladogram for the genus best corresponds
(with same reservations) to a series of climatic and rphysical
vicariance events during the Quaternary. As such, the genus can be
presumed to be a relatively young group, with relatively recent

evolution, in common with much of the Anstralian flora (Kamp 1981).

Thus the cladistic results have suggested a new arrangement of same of
the taxa and this is reflected in the taxonomic arrangements. They
" also suggest that the genus is, as a whole, more ancient than the
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floristic division of east and west Australia. This is not unexpected
as many other genera show the same feature (e.g. eucalypts, ladiges
and Humphries, 1983; 1986; Iadiges et al., 1987). Also the separation
into dryland and wetland species also predates the floristic division.
It is possible that this may be due to parallel evolution of similar
characters to accammodate similar enviromments, but evidence for such

an hypothesis is lacking.

Taxonomic revision

Many purported hybrids described by Lee (1966 a and b) were found to
be well defined, if somewhat cryptic, species. Clear and reliable

characters to distinguish them were, in fact, found (Chapter 5).

Most of these results have been published before sulmission of this
thesis (Bedford, 1986 a and b). Here the species are arranged to
reflect their relationships following cladistic analysis (chapter 4),
and the description of a new taxon discovered as part of the analysis

of Xanthorrhoea in Queensland (chapter 2). In addition new

nomenclatural discoveries ooncerning the name Xanthorrhosa were

discussed.
6.2 General conclusions

Many aspects of the general conclusions are embodied in the taxonomic
revision (Chapter 5). The hypotheses generated fran the phenetic
analyses result in a particular taxonanic treatment and
circumscription of species, and those generated by the cladistic
analyses result in the arrangement of the taxa. |
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In general one can conclude that the reputation that Xanthorrhoea has
as a "critical®” genus in the sense that species are difficult to
circumscribe, and hybridise widely, is not justified. Most of the
putative hybrids are shown to be definable taxa which are probably not
evenn intermediate between others. One putative hybrid zone ( X.

arborea - X. latifolia subsp. latifolia) which was examined in scne

detail, was shown not to have intermediates (or hybrids) at all. In
only one putative hybrid situation did an analysis show a series of
intermediates, i.e., on ecoclines on the Quaternary sands along the

east coast of Aunstralia.

Thus many of the difficulties encountered by earlier taxonamists are
shown to be partly the result of the inadequate collections available
for study, and partly the considerable inherent variability of many

Xanthorrhoea species.

It appears that the reasons for the inherent variability of many
Xanthorrhoea species are likely to be:

1. The vegetatiwve nature of many of the characters used to distinguish
taxa. Characters such as leaf width, leaf thickness and lengths of
the scape anxd spike are deperdant to same extent on the well-being of
the plant. In poor carditions, poor seasons, or in unhealthy plants,
these dimensional characters are often reduced in size, and may become
outside the range recognised for the taxon, and into the range

recognised for another taxon, thus leading to a misidentification;

2. The putative facultative inbreeding and facultative apomixis or

other formm of seed-producing asexual reproduction suggested above

(Chapter 5), which would both act to decrease within population
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variation but increase between population variation.

Both of the latter possibilities have far reaching evolutionary
consequences for the genus. Clausen (1954) has described partial
apamixis as an equilibrium system of great significance in evelution.
He notes that species which achieve a balance in nature between sexual
and asexual reproduction have a greater range of potential variability
available for natural selection than do obligately sexually
reproducing species. This is because facultative apomixis multiplies
certain varieties of a gename but does not prevent recanbination
through sexual reproduction. Baker has discussed the significance of
reproductive method to both race fomation (1953 a), and to speciation
(1960). He notes in relation to race formation that ecotype formation
is pramoted by self compatibility but not by self fimpatibility, which
tends to promote clinal variation. Basically he says that both
apomixis and inbreeding promte discontinuous variation whereas
ocutbreeding pramtes ocontinuous variation. The situation in
Xanthorrhoea, of puzzling between-population wvariation, agrees well
with this description, although such evidence is extrevely

circumstantial.

In relaticn to speciation Baker (1960) paints a more complex picture.
He says that inbreeding (at least in diploids) tends to pramote
speciation, partially through pramwtion of polyploidy, but that
apamixis is not necessarily a pramter of speciation because it
favours retention of variability. Although, when asexual reproduction
predaminates in a facultative apamict the situation tends to resemble
that for inbreeders. He notes that overall the breeding system is of
great importance to the process of speciation, but that the result
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depends on a great number of factors, especially environmental
selection pressure. That is, both facultative apamixis and inbreeding
praote race fomation, and taxonomic difficulty ("provides grist to
the mill for splitters"), but not necessarily speciation. Once again
this result is circumstantially relevant to Xanthorrhoea, where race
formation seems apparent, but speciation is not necessarily taking

place.

Role of hybridisation in evolution within Xanthorrhoea

Stebbins (1959) noted that a number of taxoncmically difficult groups
had achieved evolutionary success due largely to the after effects of
natural hybridisation. In this ocontext, coupled with the widespread
distribution of ZXanthorrhoea and its obvious success in the fire
daninated Australian ecosystems, the attribution of the traditional
difficulty in identification of the group to putative hybridism by

Iee, (1966 a and b), was an apparently reasonable concept.

However, now that it has been deamonstrated that hybridisation in the
genus is restricted to the Quatermary sands, the question arises as to

what role hybridisation may play in evolution within Xanthorrhoea.

Stebbins (1959) ocontended that  hybridisation “usually affects
profoundly the course of ewvolution”. Although he notes that this
deperds on the effect hybrids have on the genetic variability of the
natural populaticn. Many other authors have commented on the effects
of hybridisation on evolution, nmostly more or less in agreement with
the above (e.g. Levins, 1964; lewis, 1966), although same believe that

hybridisation has a minimal effect on evolution (e.g. Bobrov, 1982).
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Ievins (1964) discussed the adaptive advantage of gene flow in a
changing environment. He noted that stable habitats favour reduced
gene flow, whilst changing habitats favour increased gene flow. This
appears to ke exactly the situation found in Xanthorrhoea.

Hybridisation occurs on the new and fluctuating habitat of the
Quatermary sands, but not on the older scils, which are presumbly
more stable habitats. It is interesting to note that although Bobrov
(1982) minimised the role of hybridisation in evolution as noted
above, he documented hybridism in Picea which he believed to be
connected with the change of climate of "the Quatemary and Holocene
periods”, a direct parallel with the postulated timing for the onset

of hybridisation in Xanthorrhoea.

lewis (1966) also discusses the evolutionary effects of hybridisation
and draws conclusions that seem to be relevant to what is happening in
Xanthorrhoea. He discusses the gradual evolution of ecological races,
which each have different habitat preferences to their parents, as is
postulated in Chapter 2 for the hybrids along the ecoclines in
Xanthorrhoea, although the process there appears to be at an early
stage of development, without significant disjunctions within the

hybrids at this stage.

Stebbins (1959) cammented that it is possible that hybrids, because of
their differing habitat preferences, may extend the geographical range
of their parents. Evidence for this in Xanthorrhoea, is limited, so
that it does not appear to have taken place, at least to any large
extent. The only evidence for such an occurrence may be in the
variability of some characters in sawe taxa, particularly the
character of bract indumentum in populations of X. almae in south-east
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Queensland which may indicate sare degree of gene flow from X. fulva
even at some distance from areas of actual overlap, and could mean

that sane habitat preference characters have also been transferred.

It appears then that hybridisation in Xanthorrhoea is likely to have
an affect on the evolution of the taxa involwved, both by extending the
range of habitat selection ard by the introgressive gene flow
increasing the wvariability of those taxa occurring in the most

variable envircnment, the Quaternary sands.
6.3 Future directions

It is clear from the above that the future direction for Xanthorrhoea
taxonomy must, at least to same extent, lie in finding more reliable
characters on which to distinguish taxa. It is most likely that such
characters will be found closer to the genetic level, as the present
author has thoroughly surveyed the available morphological characters,
and investigated chramsare and flavonoid characters without fmd.mg
suitable alternative or additional characters to those used in the
present study. The one exception likely to this proviso is the
possibility that the resins may prove useful in distinguishing taxa.
Duewell (in press) contends that the resins can be used to reliably
distinguish taxa, and the present author has found Duewell’s
identification of taxa useful in distinguishing cryptic species near
the mouth of the Hunter River, New South Wales. Joint research by

Bedford and Duewell is continuing in this area and offers pramise.

The possibility of facultative inbreeding ard facultative apamixis in
the genus are also worthy of investigation because of the considerable
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taxonomic and evolutionary consequences for organisms of such

phenamena .

Other areas worthy of study appear to be enzyme/isoenzyme and protein
electrophoretic techniques which, although unfamiliar to the present
author offer promise of finding characters closer to the genetic
level, which may be less variable than the morphological characters

presently used.
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Appendix 2.1 Collection localities for studies in Queensland

(Anal. no.

= analysis number; coll. no. =

marks specimens which are fram localities

successive years.)

Anal. no. Coll. no.

10

11

12

13

14

15

16

17

18

19

20

21

- 22

76-7
76-10
76-9
76-6%
76-8
76-13
76-12
76-14
76-15
76-1
76-2
76-16
76-4

76-5*

76-17
76-18
76-19
76-20
7621+
77-15
77-16

77-17

Iocality

20 km N of Proserpine
ditto

35 km S of Bowen

Mt Elliot Natl Park
33 kt N of Townsville
41.7km " " "

ditto

13k " "

ditto

just N of Cardwell
100 km N of Mt Molloy
30 km S of Cooktown
just W of Kuranda

W of Mt Garnet

(75 km W of Ravenshoe)
Dimbulah - Petford
ditto

ditto

45 km W of Dimbulah

5 km W of Petford
near Maryborough

near Bundaberg

ditto

collection number; *

oollected from in two

latitude ILongitude

20 257

20 15°
19 24
19 08’

19 04'

18 147
16 10’
15 41°
16 55°

17 46°

17 22’
17 21’
25 32'
24 49’

S

148 35'E

1

148

28’

147 007

146

146

146
144
145
145

145

145

144
144
152

152

30'

27

10°

00’
45’
11’
337

00’

00’

50°
56’
13°

13’
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23
24
25
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

77-18
77-20
77-25
77-28
77-31
77-32
77-35
77-36
77-37
77-40
77-42
77-43%
77-44
77-45
77-47*
77-48%*
77-50
77-52
77-53
77-54
77-55
77-57
77-58%
77-59
77-61
77-63
77-64

77-66%

ditto

ditto

near Agnes Waters
near Rockhampton
Marlborough

ditto

Yaki Pari

ditto

N of Bloamsberry
Burdekin Gorge
ditto

Mt Elliot Natl Park
Mt Spec

ditto

just N of Cardwell
near Petford

ditto

Stannary Hills
Atherton - Herberton
ditto

Kuranda - Mareeba
Cairms - Pt Douglas
ditto

Annan River crossing

Morehead River cross.

Tinarco Dam
ditto

W of Mt Garnet

(75 km W of Ravenshoe)

24
23

22

15
15

17

17

31
237

54’

04’

307

00

24’

57'

14’

21°

19/

21

55°

50°

41’

04’

10’

46’

151 45°
150 30°

149 37/

149 00’

148 37'

147 15°

147 00’

146 11’

146 00’
144 56

145 13/
145 257

145 33’
145 42’
145 11°
143 40’
145 357

145 00'
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51  77-67 just W of Nebo 21 41 148 41'

52 77-69 near Springsure 24 07’ 148 057

NQ 78 Entity analysis individual numbers: (1 - 52 AS ABOVE)

Anal. no. Coll. no. Iocality Iatitude Iongitude
53 m-20 Beerwah 1975 26 53’ 153 00’
54 m-21 " " "

55 m-22 " " "
56 m-23 " " "
57 j-35 " " "
58 j-36 " " "
59 j-37 " " "
60 j-38 " " "

61-73 77-108 - 77-120 are Beerwah 1977 " "

74-78 78-18 - 78-22 are Beerwah 1978 " "

i.e. 53 -~ 56 are X. latifolia collected at Beerwah Scientific

purposes area during 1975, as part of Honours project.
- 174
57 - 60 are X. johnsonii at the same site and same year.

61 - 73 are X. latifolia at the same site collected in 1977.

74 - 78 are X. latifolia at the same site collected in 1978.

[* denotes those specimens which represent collections from the

same locality in different years.]

403



Appendix 2.2 data input file - north and south Queensland data set (78 entities) analyses,

NQ78GA, T20.
USER, SNHDBD, ZANTC.
CHARGE, SNH , SKHTAX,
CNSOFY, PREREL.
TAXON,

PARANS.

ITCOPY, INPUT,DATL.
DATLST.

NSED.

SAHN.

DENDRO.

T=NQ78GA 78 ENT DATA NOD 4 CLASSIFICATION
I[=78, IFN=1, IDN=3, APRENT=AUTO, NGREQ:78, SORTSTRAT=UPG
$5TATES
425352135
¢RND

FANAMER

LEAF SHAPE

LEAF COLOUR
CLUSTER BRACTS
JOY. CLOSTER BR.
BRACT COLOUR
SCAPE COLOUL
BRACT SHAPE

BR. IKDGMENTUK
LEAF wIDTH

SCAPE LENGTH
SCAPE DIAMETER
SPIKR LERGTH
SPIEE DIAMETER
SB/SC RATIO
TRUNE HEIGHT
ERD

$SHAKE
QUABRATE-REOKBIC
KARROWLY-Q-R
OBTROLL>CBYRIANG
CONCAVE

GREEN

GLAUCOUS

ABSENT

SHORTLY ACUTE
BASE OF SPIER
BASAL 10 C¥

100% SPILR
ABSENT

SBORTLY ACUTE
LINBAR-TRIANG
WEITE T0 CREAN
GREEN

BROWN

LT BROWN VELYET
DE BROWN VELVRY
GLATCOUS

GREEN
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0BTUSE
SHORTLY ACUTR
LINBAR-TRIANGULAR
GLABROUS
SHORT BLACK BAIRS
TOHBNTOSE
FRINGED
DENSELY HIRSUTR
#END
$
31*t]r*:*n‘12|‘|

&5 191 90
$
31‘!‘1‘!*!'12l‘l

5 165 90
$
3’t|l|t’t't12,4|

Mo 208 110
$
21*,1,“"*,214|

450 285 200
§
1,*,1,*|t|*,2,4|

160 129 20
$
1,‘,1,*,‘,*.2,‘1

230 195 110
$
4!t!1|tlt1‘l2!‘1

20 59 60
$
‘l*letltl*lai4l

180 138 90
$
I!*lzliltltlzl‘t

220 188 110
¢
3I*la?llzl‘lzl‘!

w o omoon
$
lltilltltl‘lzl4l

130 194 130
$
1,‘,2,1,*,*.2'4,

165 113 130
$
L43,2,%,4,04,

20 100 200
$
l,‘,‘|2|t|‘|2|4|

CLUB I
$
1.*;3,*.‘,*,2,4,

115 12 100
3
litll!llt!‘lzf4l

B 1 80

28
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ppendix 2.3 SAHN dissimilerity levels North Queensland (52 emtity) data set {NQ52) UPG Classification

FUSION GROUP  DISSTMILARITY B{I}-p(I-1}

W = 8 0228 0228
I+ 2= M 0232 0004

P+ b= & 028 0016
15+ 3= 56 .0395 147
0+ M= 87 L0426 0031
B+ 19:= 8 0569 143
/e 83 8 574 0005
3T+ 6= B0 Q582 0008
33+ 48= 6l J628 D048
W+ 4= 62 0811 042

9+ 12:= 63 0732 L0061
1T 58= 64 0796 0058
16+ 52= 6 0922 (0132
4+ 61= 68 0940 0018
2+ 41= 67 0962 0022
i8¢+ 60= b8 221 0289
i+ b6= 69 J27 0059

§+ 1= 10 J310 0091
4+ B= Ti 1523 153
B8+ 1= 12 1612 0088
B+ 0= T J617 + 0005

I+ 8= U A8 0227
63+ 64 76 2072 0228
W+ MW= 18 L2 D171
68+ 63= 1 2311 0013

5+ 0= 18 2336 0019
3y M= 0 .2601 Q265
e W= 80 A A1
e = Bl 2902 0187
e 7= B 3028 0126
65+ 1= 8 3083 0054
27+ 81= M S48 L0364
62+ "= 8 3525 0078
10+ M= 8 3554 .0028
29+ §1= 81 3966 0412

B+ W= 88 3966 0000
e 8= 89 4048 .0082
ey 8= W0 A421 A3
82+ 83= W 4895 H275
g0+ 91 = 92 5526 0831
B3+ Q= § 5671 0145
g+ 2= W 5781 L0116
g9+ 9= 9 6161 03
86 ¢+ 0= 86 6266 0105
Bl + %= 97 1864 . 1598
%+ 81: W .B0SS L0195

i+ 87T= 9 8086 L0027

T+ 98= 100 3684 0798
I+ 9= 101 9302 418
160 + 101 = 102 1.3583 4201
9 ¢+ 102 = 103 1.6420 21821

~ MOJENA OPTIMAL GROUP DISTANCE - 1.06  (PORMULA I, ¥=3}

110



Appendix 2.4 SAEN dissimilarity levels Horth Queensland {52 entity) data set {NQSZ) ISS Clasmification

FUSION GROUP  DISSINILARITY D(I}-p{I-1}

204+ W= 8 0228 0228
/e d2= B JH232 L0004
ty 2= 8 A8 0018
15+ 3= 5 0385 OUY
0+ M= B 0426 031
B+ 19= 58 0569 A143
e 9= B9 0628 L0050
s = 60 64 0015
A+ 1= 61 0671 L0027
¥+ 8= 62 0689 0018
9+ 2= 63 L0732 L0043
17+ 58= ®© J86d 0132
16+ 52= 65 0522 0058
2+ 41= 66 0962 A0t
s+ 8= §7 L1044 0082
§+ 11= 68 JA370 326
4+ 67= 88 1501 L0131
B+ 60= 10 1511 0070
e = Tl 612 0041
M+ G0= 12 1617 0005
N+ M= N L2301 0684
3 8= M 2376 0075
0+ 2= 15 2452 0076
5+ 6= T8 L2651 208
ey ¥= N BALH 0088
i+ 23= 18 2902 L0157
63+ 64= 79 . 3361 1058
g+ 0= 80 3936 L0035
6+ §9:= 01 4172 0176
T+ 66= 82 A20 0104
62+ 7= 8} 4468 0192
9+ §7T= M S145 0678
65+ MW= 8 A2 0083
e 3= 8 S611 L0437
0+ 81= 8§ 6237 .0566
i+ 86:= 88 1016 0780
17+ 80= 89 1381 L0385
/e 2= 9N 1480 S109
61+ 8= 9 4091 0602
e 8= 92 9520 1428
¢ 90= N 1.0649 128
r B= WU 1.0131 .0088
e 89= 9 1.1316 0586
W+ 8= 96 1,339 2123
me 2= 9 1.5590 2151
g8+ 93= 9 2.3683 8064
¥+ 5= 9 2.3183 0069
87+ 99 = 100 3.7082 1,335%
%+ §1= 104 §.1402 1.0371
100 + 101 = 102 8.84%0 {.1038
9%+ 102= 103 10,3645 1.515¢

NOJRNA OPTINAL GROUP DISTANCE - .90 (RORMULA 1, E=3}

41



Appendix 2.5 PCOA Vector scores, morth Queensland (52 entity) dats set (WQ52) amalysis.

TRACE= 6,359
EIGENVALUEBS

2.8 1,726 B11 AT8 S 219 226 A7 167 J11
110 02 069 041 031 028 017 16 .008 .006

002 000 00 000 00 . 009 000 000 -.001 -, 00}
-.001 -.001 -.001 -.002 - 002 -, 002 -.003 - 004 -.004 -0
- 008 -, 006 -.008 -.009 - -.018 =017 -. b2l - 031 -.036
-.047 -.08)

VECTORS SCALED BY EIGENVALUR

YECTORS
B.VALUE 2,248 1.126 46 A8 301 270 226
ATRACE 1) in 8 (i} [} 1% k4
ACC. X% 5% 2% Ty 8% 83% 81% 91%
i - 188 - 172 - 100 032 -7 A7 42
2 -2 - 14¢ -.080 012 ~.081 AL 04§
3 -, 063 -. 168 - 132 .081 -.0817 076 064
§ ¥ -. 496 -.180 1175 -.028 058 076
§ 10 094 -, 059 -.027 -.028 035 - 150
§ -.083 -.042 - 104 A9 - 104 -006 . -.098
1 .38 009 -.00 -. 129 -.03% 180 A28
8 - 218 L1 -0H -.008 124 - 001 10§
9 - 13 056 - 111 046 2128 -.076 -.038
10 - 148 -.083 -.196 017 102 - 035 173
11 -.048 04l -.0%9 108 - 130 004 - 111
12 -. 056 J84 -1 081 J6t - 100 -0
i3 34 136 -, 069 078 .018 112 -.060
it 593 AT -.088 - 010 105 46 A3
1% - 034 150 032 2 -.001 =044 23
16 - 125 -. 082 -1 - 041 083 -, 121
11 -2 109 -.14 J0 089 -0 .b02
18 -.232 203 - 1§ - 088 2 -.0%0 -.022
19 - 145 JT -.138 -.01§ 107 -.040 -.002
20 -.21% -1n 084 - 116 006 -.024 -.002
21 030 032 A48 - 009 083 W71 Jd4
2 181 192 053 A28 084 .006 -.002
23 091 -0 J2 -.122 .080 215 - 024
1} -.022 -.1a2 20 Bl 095 -.083 45
25 -.059 -.360 o029 117 R -.088 -.059
8 -. 190 - 082 -.122 032 ~.024 -
27 139 250 008 -, 159 -.02§ 032 -.008
28 212 205 -.043 - 084 -.133 -.032 011
29 AN -. 18§ 051 - da0 -.00¢ 017 -.082
k1 48 -.369 004 -.011 A1k -0 -, 038
i =033 -.283 008 -.031 -.035 03 030
3 -.008 108 104 76 -.011 -.030 =020
3 -.087 Jd48 .108 L132 - 043 048 008
" 352 - 38 . 006 WO 005 -.076 -.003

12
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413



Appendix 2.6 SAHN dissinilarity levels North and south Queensiand (78 entity) deta set (NQT8) UPG Classification

UNWEIGHTED PAIR GROUP OR GROUP-AVERAGE SORYING

FUSION GROUP  DISSIKILARITY B{I}-p{I-1} FUSION GROUP  DISSIMILARITY MI)-D{I-1)
/e 42= T8 0201 0201 56 + 115 = 118 J418 0032
2+ 2= 80 A28 0032 W+ 8= 119 1610 L0132

ty 2= 8l 023 .0001 W+ 40= 120 1627 L0017
65+ 89= 82 0261 0027 161 + 106 = 121 1767 J140
ey M= 8 L0301 0040 e+ 118 = 122 1804 0038
15+ 2= M 0306 L0005 3+ 81= I 1812 0008
T+ 1= 88 03 0008 95+ 86 = 1M J80 0059
63+ T8= 86 D40 D096 5+ 109 = 120 .2091 220
55+ 6= 87 437 0027 12+ 4= 12 2109 0018
W+ 2= 88 L0483 L0046 113 + 122 121 /2166 A059
e 8= 8 0436 0013 53+ 8= 128 L2624 0359
5+ §1:= W .0539 L0038 /e M= 12 2598 0013
e 0= 91 L0534 0004 7%+ M6 = 130 2821 0229
33+ 8= 9 L0540 006 102+ 125 = 131 2851 0023
e M= 90 0584 014 6+ 126 = 132 2928 0079
18+ 18 U 0873 0029 8T+ 121 = 133 3007 0018

9¢ 2= 9 0607 00 19+ 130 14 A2 WL
1T+ %= 8 0632 0028 127+ 128 = 13§ 23 0032
e 6= 97 L0640 .0008 A+ W= 13 %7 0004
1+ 88= 98 D642 002 2 1= 1N 3308 .0061
U+ 4= 9 J6dd J602 120+ 133 = 138 ST L0169
W+ 87= 100 0893 .0049 9+ 117= 13 3560 022
89+ 80 = 101 Ny .0025 B+ 124 = 140 3881 0381
15+« 2= 102 AU 0030 10+ 123 141 3911 0030
i+ 2= 103 0756 .0009 10+ 135 = 142 A151 Q240
62+ 68:= 104 0769 A014 13+ H2:= 143 4429 Q21
S+ 87= 108 0781 0018 13+ 132= 14 4938 0510
2+ 47:= 106 0897 110 136 + 139 = 145 5650 0111
58+ S1= 107 0948 0052 13+ 138 = 146 .5659 L0009
86 + 100 = 108 0985 0036 129+ 1= 147 4123 0065

6+ 11= 109 0988 0004 o + 147 = 148 5052 .0329
B2+ 971= 110 Jo0H D026 137+ M6 = 149 6231 0184
M+ 9= 1l 1073 L0058 Hi+ M= 130 6879 0642
4+ 103 = iI2 121 0048 §+ 143= 181 22 L0333
B 105 1IN Jid4 0023 148 + 150 = 152 L1428 0216
4+ 3= 11U J17 0033 T+ 152:= 183 8412 J044
108 + 111 = 115 J2U 0037 151+ 183 = 1M 1.1001 2529
6+ 83= 116 413 0199 49+ 186 = 155 1. 4489 3488
M+ 89:= 11T J446 0033

HOJENA OPTIMAL GROUP DISTANCE - 18

414



Appendix 2.7 SAHN dissimilarity levels North and south Queensland (78 emtity) data set (NQT8) IS5 Classification

FUSION GROUP  DISSIMILARITY b(I)-D{I-1) FUSION GROUP  DISSINILARITY B{1}-B(I-1}
W+ 2= 09 0204 0201 T+ B88= 1i8 1986 0150
W+ = 80 0233 0032 o Bi= 118 2338 .0352

R R 234 001 §3 + 105 = 120 24U 0086
65+ 85= 82 J261 Jo2? 5+ 106 = 121 2459 0034
W+ M= 8 0301 0040 B+ 3= 12 L2598 0139
15+ 2= B4 0306 ,0005 T3+ B3= 123 2869 0271
M+ 17= 85 A3 0008 89+ 105 = 124 2918 0049
65+ 6= 8§ 410 0096 145 + 117 = 125 2988 L0010
55+ 16 = 81 L0437 Q021 M+ 3= 12 3023 .0036
29+ TE= 88 0483 0046 2+ W= 10 ST L0224
50+ 67+ 89 0530 NN S 8= 128 3634 389
M+ 80= & 0534 JO0H 8+ 10= 129 3901 0265
We 49= 4 L0 0006 $+ 100 = 130 A070 4169
s 9= 8 0573 L6033 §6 + 111 = 131 L4098 0028
I+ 8= 83 . 0583 0010 s 1 132 AT 016

$+ 1= W L0607 0024 43+ 108 = 133 L4551 RIITH
Ty 8= 9 0636 0028 100 + 121 = 1M 5015 0457
I+ G4z 96 0640 0004 14+ 125 = 134 A1 0160
U+ 4= W N1 0004 i10 + 138 = 136 533 D164
T+ 2= 98 0652 .0008 13+ 131 = 13 R1) 0392
6t + 0= 99 Je62 L0010 118 + 123 = 138 .6128 0397
16+ 52= 100 QU7 0085 16 + 132 = 1Y L6837 0709
7+ 8= 1l 0756 0009 18+ 128 = 140 1328 0488
B2 + 68 = 102 0769 G013 8T+ 102= W . 1555 0229
81+ 61= 103 781 0018 B+ 130= 142 L8064 0509
Hyt = 1M 0798 0011 T+ 126 = 143 8461 0397
66+ 81 = 105 . 0960 0162 127+ Ml= i 9524 1063

6+ il= 108 .0988 0028 122+ 1M = 14§ 1.1698 L1
f4+ 85 = 101 1005 0017 11§ + 143 = 146 14217 L2519

58+ 90= 108 1081 0082 130 + 136 = 147 8411 2254
22+ 1F= 109 1181 L0 BT+ 145 = 148 2.0946 A4T5
B+ 103 = 110 1262 .0082 133 ¢ 142 149 2,281 1311
91+ 10 = 1l 369 0107 138 ¢+ W7 = 150 2.3657 Jd400
1+ 86= 112 (1520 0151 b+ 146 = 181 an 8460
8+ 9= 113 .153¢0 0010 140 + 148 = 152 3.3500 1334
B2+ 96= 1M J571 D047 151 + 152 = 153 $.9821 1.6318
9+ 107+ 115 1605 0028 M9+ 188 = 18 141 12,4648
W+ 40= 116 1621 0022 i50 + 15¢ = 15§ 19,8901 .22t
§6+ 112 = 117 1836 .0209

NOJBNA OPTIMAL GROUP DISTANCE - 6.99

NUKBER OF GROUPS I8 3

415



Appendix 2.8 PCOA Vector

TRACE:  B.758
EIGENVALUES
3.130 2,934
128 A28
006 001
000 . 000
,000 000
-, 001 -.001
-.004 -. 005
-.019 -.022

gcores, north and south Queensland data sef (78 eatities) amalysis
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.000
00
000
-.002
-.00%
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VECTORS SCALRD BY BIGENYALUE

E.VALUE

XTRACRE
ACC. X

l
]
i
{
§
b
1
8

§
10
11
it
i3
14
15
16
11
13
19
i
21
¥
I3
u
25
26
Al
8
(4]
ki
i
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31
i

3030
358
35y

153
208
048
.38
012
126
358
218
A12
217
12T
.158
- i1
- 28
189
310
298
(385
284
JA12
.060
032
-.028
(058
-.04b
136
.090
W28
=438
-.398
-.030
158
.239
-.31

YECTORS

2,934
3
69%

-. 201
-u
.13
-.180
A11
-.063
- 187
-0
-, 008
i
003
48
41
482
108
-.042
-0l
A32
090
-.201
.055
263
039
-.089
-2
-.232
271
300
-.012
-.03%
-.201
116
101
=019

545
076
000
000
000
-.002
-, 006
-.041

38
(]
76%

- 059
-. 059
-. 081
- 107
-.089
-.100
-. 032
-.061
- 161
-.01
'.110
-. 176
-.093
- 123
030
-. 135
- 148
- 14
-. 108
JA18
,101
020
041
24
052
061
- 050
-.019
098
011
.008
140
126
A7

403
054
Joo
000
.00¢
-.002
-.008
-047

338
Dt
000
000
000
-.003
-.008
-.076

R
6%
2%

-0
019
050
JA18
- 03
063
-.120
021
I
=010
07t
490
.063
026
.57
-0
023
-.022
-0l
- 141
062
011
-.091
068
-.003
- 109
-, 106
=090
-11
-.021
-0
138
101
=033

.290
J28
000
.000
-.001
-.003
-.009
- 158

A0
%
87%

-, 100
017
- 142
-141
.028
=070
059
-.020
-
-, 22
-.081
-.005
030
054
01
NiT
- 004
Q49
- 061
- 040
Jd21
.109
J43
-, 006
-.028
061
09
- 116
-.051
-.018
-, 001
-, 065
-.019
-.13%

,258
24
S0
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-.013
-.216

33
k}
9i%

061
N
0N
Q32
A7
A1
.066
- 42
- 4%
-.190
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38 NiiH - 184 L020 - 040 013 .020 084
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48 034 4 096 209 0 057 - 043
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) -. 246 - 212 -.138 078 1061 A12 010
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58 -.28¢ 508 -.00% 04 -.053 -3 056
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b1 -.169 -.206 02 -.018 -.013 -.00% -.042
62 -. 202 -.01% A1 A4 083 -. 107 015
63 -1 - 101 012 -.032 O -0 025
b4 -.980 - 136 00 -. 060 22 043 -.011
6% -.008 -.168 38 -.103 .05% -.018 -, 025
b6 -.322 - 148 008 040 -.031 -.021 Jo8
&1 -103 -9 D38 -.004 047 004 -.029
68 -.036 -84 J21 A1 D43 -.083 -.004
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Appendix 2.9 SAHN (UPG) dissimilarity levels 39 entity subset of the north Queensland
{52 entity) data set UPG GP B Classification Groups

FUSION GROUP  DISSIMEILARITY p{I)-D{I-1])

1+ 2= b JH531 531
e 2 4 0518 Jo8?
1T+ s 42 06417 0029
12+ M= 4 .0661 0014
W+ 2= U L0854 0193
e 43= 4 JA320 L0467
i+ 15 46 1522 J202
g+ 11= 47 1618 0096
W 3= 48 1642 0024
16+ 46= 49 BYH L0089
B+ 3= A0 1815 0084
W+ M= Bl . 2036 0281
13+ 3= 82 2191 L0101
e 8= 8 L2921 0730
By = M Jath L0298
5+ 10= b 3261 0042
9+ 2= 56 3940 0673
sl 83 M 4031 0081
W+ = 08 A017 0048
3¢ 40= B 421 L0153
18+ 19:= 60 4283 0053
T+ 9= Bl 4299 0016
s M= 62 472 011
B+ 62= 83 5118 0641
0+ §6= 6 536 L0418
4+ 3= B 5816 L0379
i+ 6= 66 6033 Q138
{1+ 6L= 67 6066 0013
57+ &= 68 .6291 6288
64+ 67= 69 6402 0111
59+ 66= 70 1176 N
65+ 68= 1Tl L1362 JH186
2+ 60= T2 1369 0001
8¢+ 1= N .8885 1516
s 3= W 10314 1489
bt W= T 1.247% 2101
e 5= 18 1.3381 0906
e M= M 1.85831 B1H1

NOJENA OPTIMAL GROUP DESTAMCE - 1.3}




Appendix 3.1 Myall Lakes dats set and UPG Classification resulis

$43% T=HTALL BYBRID SITB UPG ANALYSIS 40 ENTITIRS
kt4% [[=40, IFN=10, IDN=5, APRINT=AUTO, NGRBG=40, SORTSTRAT=UPG
REEE $RNASE

veen 1-5 0
v 1519100
1/ 8 3 1 3 ALN1B
3,70 2.5 3 6 56 10 8.4l 7% 100 0 AlNl
1/ 2 3 1 3 AN
00 2.70 20 L I 1| £ 100 11 0 AN
1 e ¥ 1 AJ1B
3,20 2,20 15 230 31 Bl 3.06 0 21 5. A3M1
T TR VAR TV AMKLB
3,30 2,20 93 40 ¥ B3 2.5 ¢ 2 5.0 [H
TR T TR VA V) A5K1B
3,10 2.30 46 286 31 60 6.21 50 40 0 A5K1
1/ 2 Y i AGN1B
3.40 t 129 119 22 0H o .m 9 1 5.0 AGM1
1,3 ¥ Y i ATHIB
{.00 + 123 48 % % .3 0 {50 ATH]
L3y oy oYy ABMIB
3.0 1,80 133 8% 15 26 .52 0 5 5.0 A8K1
LT T VA YO ¥ A%KIDB
3.00 t 100 M o 1 0 5.0 A9K1
1,3 ¢ 1/ Yy U ALOKIB
3.00 t 48 11 g8 19 .2 [} 0 5.0 atoMl
1L,y & ALINID
£.00  2.40 81 19 1 2 .48 0 0 5.0 ALIM
TR AR VIR TARY, AL2M13
3.7 ¢ 98 56 12 1 51 0 ¢ 5.0 A12K1
1,3 8 4 1 ¥ B 1418
1.0 2.50 57T Mp 42 51 421 B0 40 1.0 B1KI
(O TI T Y VR ¥ B 2X1B
3,70 230 40 20 51 89 5.5 0 85 ] B2M1
LY 3 o %1 B IR
3.50 2,00 61 180 30 40 2.9 0 3 5.0 B3N]
T YR YR VIV B4 ¥1B
2,75 2,20 40 150 3 43 15 1o 90 0 B4N1
1,3/ 2 1) % ¥ B 5K1B
.00 2,00 67 153 3% 42 .28 10 W 40 BSKL
TR TR YRV ¢ iMlB
.50 2.0 33 M6 40 60 6.5 ¢ 6 1.0 CiN}
LYy oy oy ¥ ¢ 2413
§.00 2.0 45 30 55 68 T.10 50 100 0 C2M]
1,3/ & 3 1 3 C 3N1B
600 2,40 B2 14 40 53 232 B0 1M 0 CIn1
1,3 ULy 1Y C 4H1B
480 L7060 280 39 50 466 50 30 5 c4nl
1,3/ 3 U % ¥ C 5KiB
3,60 2,30 65 262 40 54 403 30 50 .0 CENl
1,3 & 123 C 6H1B
L1070 13 1’ 11 0 .58 b 0 5.0 oKL
(T T VA Y Y ¢ s
430 2,70 i 100 8 2 .87 W 0 5.0 CTH1
LY Y C BMIB
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.15 175
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i1+
[
194
134
37 4
S/
49
]
54
i
H
58
55
20 +
51 ¢
i+
50 +
21 +
81
15 4
R
66 +
C 89+
69 +
19 ¢
1+
75+
58 ¢
i+
1% +

- A 4 =

" n n "n 1]

49
50
51
§2
53
M
55
5
51
58
§8
60
61
62
83
64
65
66
]
68
89
70
1l
(H
13
T4
(]
76
"
18
1

1032
J072
1281
1308
A58
L1618
1626
1861
8
2170
232
2358
2788
L2847
003
3199
440
3622
J83
3863
3904
A109
4531
4398
6046
6456
6658
7108
L1677
L8366
1.7998

KOJBNA OPTIMAL GROUP DISTANCE -
(FORNULA 1, =3}

1.02

111



fppendiz 3.2 Kyall Lakes, [88 Clasgification results.

FUSIOR GROUP  DISSINILARITY

12+ 2= 4 0188
g5 M= 42 0236
f+ = 4 L0328
F+ 1= M 0500
iy 4= 4 0870
2+ 1= 46 .0896
e 9= 4 0989
e 2= & 012
i+ 3= 48 1281
8+ 42s 80 1281
¢+ 3= Bt 1308
i3+ 6= B 1539
ity 3= 8 1618
2+ W= M 162§
2 5= 8 BHY
2+ 3= 56 A9
¥+ 83 B L2360
M+ 6= 5B (2486
6+ 0= 53 28817
3+ 8= 60 S
W+ 2= 61 491
6+ 4= 62 3839
f+ 6= 6 3848
51+ 4= 64 4228
15¢ 2= & 4370
B+ 7= 66 AT98
i+ 8= 87 5576
i+ 58:= B8 5878
4+ 8= 89 6556
e 0= T 1828
19+ 83= 1 L1991
fl+ 69= T2 8936
85+ 66= 13 1.057¢
67T+ 1= W™ 1.1276
62+ MW= W 2.0258
e M= 16 2.3848
g+ 1= 11 2.5503
ey M= 4.0885
e = 19 3.1

KOJENA OPTINAL GROUP DISTANCE - 8.8



Appendix 3.3 GOWER Ordimation vector scores, Nyall Lakes.

ANALYSIS COLL. YECTOR

NUKBER KUNBER t 2 3

1 LH -.510 - 187 -. 064
2 Al - 443 -.11 031
3 A3 025 -.200 -.250
{ M 050 -7 - 191
5 Ab -3 .07 -.18%
6 Ab .283 -. 329 - 132
1 A7 Al -. 036 39
8 A8 338 -.012 029
§ AS A0 183 -, 042
i 10 332 006 -.021
11 all 248 - 107 128
12 A2 335 - 067 093
13 Bt -.21 046 - 023
i B2 -. 364 -, 05§ 025
1% B3 089 -. 046 -.001
16 B4 -7 J40 -4
it BS 088 111 -, 100
18 ¢ -.301 -, 168 -.189
19 ¢ 494 -0 20
20 3 -.290 022 159
1 Cé -. 288 A28 .066
1) C5 - 140 -.01% D64
23 Cé 283 ~-.186 (156
i 1 268 - 196 185
2% c8 A2 -.032 -0
26 cs A1 -.062 045
21 )| -.489 N33 004
i lir) -.36% 54 Q27
4] 03 -. 25} 142 032
30 i} -.382 42 013
k)| D5 336 195 036
32 Dé 349 100 -.033
3 ] R 032 JdH
H ] .368 159 -. 853
kL Bl Y .002 -.033
36 k2 254 17 -1
3 B3 09 080 - 112
38 B4 -.025 203 =13
3§ BS -3 . 108 ,035

i0 E6 -.a2 .082 04



Appendiz 3.4 Northern ¥ew South Wales analyses, Data set and SAHN Clasgification and PCOA Ordination results,
with associated diagnostic program results, (GCON, GSTAT}.

LNIED: Lennox Head, COFFS= Coffs harbour sirport; HATHD=Hat Head; RLBCE=Ridge, Limeburners Creek Reserve;
0SLMB=Open swanp, Limeburners Creek reserve; PSLB-Paperbark swamp, Limeburners Creek Reserve;DKDHD=Dianond Head;

RDSTH=Road south from Diamond Head.

DATLST
1(1,2) 1, & 1, 3, LELED250
s 166 18 § 110 0 LRX#D250
502, &, 4 (LY LNXHD251
480 150 20 89 29 §9 0 LNXHD25L
3, (L,2) &, 823 1, &, LNXHD252
140 % 11 26 18 28 0 LNXHD252
ot WoLod, LNXED2%3
5 129 1§ {! i 51 ¢ LNXHD243
L, 0L L, L LNXED254
My 128 13 3 U 28 0 LHXHD254
Lo L oL L COFRS25T
B0 118 11 i 5 19 0 COFFS257
o2, L, 0% 1 3 COFFS258
300 15 13 30 i 40 0 COFF5258
Lo Lo LY COPFSL59
295 80 i i 4 4 0 COFRS259
LI O P P PR COFPS269
210 9 12 35 il 36 0 COFFS260
(i) 2, &, & I, 3, COPFS5261
265 121 19 1 it ] COFPS61
(L3 ¢, 1, 8, 1, 4 HATHD262
L o2, 1, &, {2} 3, HATED263
s 108 8w 3 190 0 HATHD263
(1,3 & 1, 2, {,2] 3, HATHD264
e I 13 §2 30 1] 10 HATHD254
1, (1,2} 3, & & L KATHD25S
3N H 22 160 LI A1 10 HATHD265
{1,3) (t,2) 3, & 3, L, BATRDZ65
35 81 16 88 U 109 § RATHD266
L3 2, % & 4 4 HATEDZ6T
305 80 107 LTI B 1 § HATHD267
Loy L& HATHD268
25 105 i I IF 110 4 HATHD268
L& & LY RLBCE289
236 61 ¥ 69 ¥ 102 § RLBCE26Y
L3 & L& RLBCE2TD
1113 5 KK U1 56 284 68 RiacE210
L, & 4 1, & 1, RLBCE2T1
228 3 i 12 ¥ 25 RLBCE271
, 2, 8 1, L 1 RLBCE272
290 0 14 5 416 80 RLBCR2T2
Lo, 1, 8 L (43 RLBCK2TY
31 12 o 8 W 65 RLBCE2T3
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L2, 3 1 3 (L)
250 51 1 15
i, 2, & 1, & (1,2}
L4, & 8 Ld
20 128 19 108 29
| PR PR P O P
80 140 15 g2 3
(L3 2 1 2 L 4
60 88 it 19 21
I, 2,4, &, L, §
M0 102 1" 84 32
(1,9) 2, L, (&) L 4,
20 108 i4 80 tl
I & 3, (zi” I, 3,
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#5129 16 §0 8
(1,30 2, & (8,3 1, 3,
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{La 3, L3 L 4
80 150 2 93 kY)
L4 LA 1y,
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I, 4, 4L % 1%
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o4 L 4 (L),
160 128 17 % 28
4L 1L, 4L L,
0 120 13 56 i

-NSED.

STANDARDISED EUCLIDEAN KETRIC

-SAHK,

UNWRIGHTED PAIR GROUP OR GROUP-AVERAGE SORTING
FUSION GROUP  DISSIMILARITY D(I}-D(I-1)
T+ 8= N .0098 . 0098
9+ = 3 0198 0100
¢+ 3= 4D 0368 158
6+ 3= 4l 40138 0384
f+ 0= 42 O 0008

W+ W= 4 1168 0422
/e 4z M 1130 0562
s W= 4 1789 0059
13¢ 33= 46 808 0012
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84

H

i

82

(£]

1

46

25
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20
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58
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25
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W 4= 4 1999 0198
10+ 25= 48 2068 L0069
He = 4 L2013 0005
27+ 2= B0 2386 JH292
19+ 28= & (2996 0631
9+ 50= 52 3001 0011
M+ 45:- 8§ 326 0238
3+ d6= 0 3555 0310
{1+ 582:= 5 ST L0419
U+ U= 56 3998 Jhozl
8¢ 8= 51 4687 L0692
§5+ §1= 58 5281 0595
18+ 20= B9 5644 L0363
16+ 53= 60 6413 769
51+ 56= 61 (G935 D522
2+ 8= 62 .6360 0026
12+ 2= B 1083 0123
60+ 6= 6 BTN 0238
14+ 5= 6 1605 0284
59+ 61= 66 8500 0895
1+ 63= @7 .B383 D483
3+ 64= 68 1,2143 L3160
1M+ 61= 69 1,226 0133
68+ 69= 70 1.4113 1837
ty 0= H 1.7241 A1
g5+ 6= T 1.8176 1538
M+ 2= 10 2.5449 6672

NOJENA OPTIMAL GROUP DISTAMCE - 1.1
{ PORMULA 1, <3}

NUMBER OF GROUPS IS &

NO. 1 {GP 1)} WITH 1 MEKBERS - I

NO. 2 {GP 68) WITH 24 MBMBERS - 2 -10 13 16 25 -31
No. 3 (6P 69) WITE & KEMBERS - 11 -12 17 22

N0. & (GP  65) WITH 2 MEMBERS - 14 -1%

NO. 5 (GP 66) WITE 6 NEMBERS - 18 -21 23 -Bd

-PCOA. TRACE=  £.150
BIGENVALUES
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2,788 .868 N TH 398 A5 210 141 163 J4 J

095 L0617 047 036 028 A17 012 Rilil; 004 001
.000 000 Riltl .000 .000 000 000 00 000 .000
-000 -000 -000 1000 '090 ‘.003 -1004

YRCTORS SCALED BY RIGENVALUR

B.VALUE  2.708 888 628 338 8 AL 197
ATRACE 1} 143 10% 6% 5% i L}
ACC. % 11} 58% 9% 75% B0% B5% 83%
i -.043 -.084 - 415 - 119 L0348 038 RiTH
2 -2 096 -.083 083 JA13 -.001 -.209
3 -2 -.352 -, 158 -, 095 A4 044 064
4 - 220 N W03 - 047 g0l -.012 -.026
§ -4 -.015 A72 -.084 .061 -0 001
] - 190 -, 004 059 008 -.041 168 032
7 -.20 -. 045 JAi2 - 140 038 -.021 049
8 -, 198 -.028 098 -.14 D30 -.018 D47
3 - -.04} A19 - 148 002 -.019 L0585
10 -, 010 082 -.026 001 -.1%6 101 054
11 033 256 -. 1868 J22 -3 161 .049
12 82 14 - 18§ -.02 - 040 - 107 -1
13 - 142 A3 -.08 -, 008 -.001 -.073 - 143
It AT -3N .21 .009 -.012 -.053 -0
15 202 -84 - 111 067 018 -. 026 -.066
16 003 A18 D0 .81 -.038 - 48 Q78
11 138 64 11t 222 -1 B -.052
18 88 -0 L2017 -.097 -.057 A6 -6
19 564 048 044 40 -.010 -, 011 035
20 AN - 063 168 -2 -.08% 12 -, 046
i 599 076 NiH - 064 089 .086 -2
i 238 2t =200 - 056 062 -.068 A7
23 506 -.005 019 Nill 007 -.05¢ 05
24 564 13 096 030 247 4093 B3
25 -. 056 091 -.003 A1 -, 186 071 J0
28 -. 163 080 030 - 107 - 128 =110 005
a7 -2 -.02) A1 -.01 -, 005 -.081 -.018
28 -.049 106 JA0h -.082 -.046 -.099 .006
29 -.148 02 089 -.005 -, 081 002 052
3 - 217 - 11 108 182 .029 -.038 J60
i - 181 -.048 033 265 Ji8 -.046 .089
it -.188 -.083 84 23 -.026 -. 101 013
3 - 156 D88 -. 08§ -0 007 -.076 - 041
i -.233 -.04] 081 -, 020 033 062 .056
3 -2 003 031 -.0438 36 -.015 -.031
36 - 194 -0 006 .063 -.028 .168 =110
i -, 238 -.02h .068 048 008 166 -.011
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Appendix 3.5 Beervah Analyses, Dats set, SAHN Classification and PCOA Ordination resultis,
vith associated diagnostic programs, (BACRIV).

b48s [1=44, [FH=10, IDN={, NGREQ=44, SORTSTRAT=UPG

{1,3) t, ¢ 1, 171018
2.20 1.40 120 110 i1 B4 ] 81 2.0 171074
L, 1, Iy g 11808
2.00 130 182 100 16 U0 1 15 5.0 17804
W4 1 4 11818
3.20 1.8% 100 31 10 [R5 | 1] i 80 11814
L, 11828
.20 140 1M 11 1t inoLA 1 w30 1182
L) L 17838
.00 1.80 102 18 10 .11 0 5050 17834
§, (L2) 1, 3, 17848
2,50 176 118 a0 10 2 17 0 0 5.0 11844
3, 2, (1,2 3 17858
2,40 L7000 118 u 11 i 20 0 0 5.0 17854
I, 2, 1, ¢ 11863
.10 2,00 118 i 12 20 40 ] 0 5.0 17864
L 1, (L2 | 11878
.20 1.5 8% 150 4 39 181 5 0 2.0 17814
W L 41, 17888
e.60  L.60 126 40 12 i 5 0 4 17884
3, 1, (1,2) 2, 17898
2,30 L6 1N {9 13 . § i L) 17894
I, 1, & 1, 17908
.10 L3 Al 10 15 P2 I 1 5 0 2.0 11904
3, 1, {18} (1,4 11018
180 1.20 1% 92 16 28 1.16 b i 0 11914

(1152 I P P 17928
1.90  1.20 136 68 it M 0 w60 BRLLH)
L L 17938
2.00 1.40 H 2 10 18 .25 § 15 5.0 19931
5 1, (1,2} 1, 17948
1,80 1.3 11§ 16 13 .66 § 0 5.0 17944

(L3t 1, 2 11958
8,50 L0 105 49 12 18 .46 5 ¢ 40 17954
3, L3 17968
2.0 1.3 1M (4] 12 3 I 5 5 1.6 77964
oL L2) g, 71418
.0 L4012 61 i % .50 5 10 5.0 11914
3, (1,2} {L2) 1, 11988
2.8 L.60 L K K] 2 3 1.82 5 12 5.0 17984

(1,3} 1, (1,2} 2, 17998
2.30 1.5 118 12 15 3 N 1 1 030 17994
5, 2, {1,2) ¢, 171008
2,00 1.40 48 1} 12 '} I 11 1 0 5.0 171004
I, L, {23 1, 1ieis
L, L (L)L, 171028
2.00 1.60 128 110 il u 8 § 100 4.0 171024
3, 1, (4,3} 1, 171038
.00 1.2 91 (1] 12 T 1} 5 0 1.0 17103

(L4 1, ¢ I, 171048
.10 L3 118 i 12 a3 * 16 ¢ 171044
3, L (LY 1, 171058
2.00 1.50 83 §6 18 i L0 t 3 N0 171054
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UNWRIGHTBD PAIX GROUP OR GROUP-AVERAGE SORTING

FUSION

32+
i1+
4+
334
K] )
2 ¢+
k)
kT
14
11 +
24
24
5t
55 ¢
14+
6+

[ LU T D TN T B T R T R L] [T T L TR L 1] (1] "

GR0UP

15
16
{1
8
4

81
52
83
54
113
56
51
58
59
60

50

DISSINILARITY

Hi60
0446
0495
0512
0881
L0821
L0845
J021
1085
Jd252
158
.1898
L2048
2388
(2643
2941

D(I}-p{I-1}

0160
0286
S04
0011
0104
0146
018
0182
0038
L0187
0504
0142
L0150
0350
0245
J288

16
13

i

10
1
1
15
I8

12

10
10
10

12

26

1)

X

15

i8

20

2

11}

21

X}

25

it

20

23

18

2

11

84

81

33

51

27

.16

32

.61

.51

1.23

A1

1]

32

Al

38

A0

a2

i

30

3

4

50

10

§.0

3.0

5.0

5.0

5.0

5.0

3.0

5.0

3.0

£.4

5.0

5.0

5.0

5.0

§.9

5.0

429

171068
111064
BiBIR
BEB1A
BiB2e
BHB2A
BAB3B
BHBIA
BEB4B
RHB4A
bEBSB
BEBSA
BHB6D
BHBEA
BHBTB
BHBYA
BHB8B
BHB8A
BHBSB
BHBIA
BHBIOB
BiB10A
BR1d
BR1A
BR2B
BRZA
BR3B
BR3A
BR4B
BRéA
BRSB
BRSA
BR1E
BRTA



21+ 25
B+ 56
15+ 53
94+ 53
YR 1
17+ 2
50 + 690
12+ 3=
13+ 16=

n H n L 1] n n n

B4
63
18
28

- = e -
o
=]

59+ 62 =
% 18
e M=
e 6=
i+ 70=
114+ 8=
19+ 80:
1+ Bz
82+ 83:=
85+ 86 =

61
62
63
b4
65
66
67
68
1}
i3
1
LA
1
L
75
76
11
18
19
80
81
B2
83
8
85
86
81

3025
3028
3767
3846
Al
4364
4388
4431
A450
4569
AB4T
5312
5388
5138
172
1126
230
7360
8018
8305
8744
4748
.4604
1. 113t
1.186%
1.2100
1.8514

KOJENA OPTINAL GROUP DISTANCE -
(PORKULA 1, B=3)

NUMBER OF GROUPS IS

¥0. 1 {gP
K. £ (cP
N, 3 (6P
N, & (6P
¥. 5 (GP

T2) VITH
19) ¥ITH
80) WITH
82) wItH

83) wITH

§

7 MEMBERS

11 MEMBERS

§ MRMBERS

3 NEKBERS

1.33

0084
0000
AT
0078
. 0295
0223
024
043
D019
0119
BITAY]
L0465
0074
0352
4
0948
A110
130
0856
H280
A4
00
0860
1522
OTH
0235
G415

35 -82229 31 -34 3% -0
201 14 -15 17 19 21 26 28 36 38
4§10 18 30

920 24

9 MRMBERS - 1 12 -13 16 23 25 27 3§ 31

GSTAT and GCON are given in tasbles 3.8 snd 3.9 in the text.
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PCOA Ordination vectors.

TEACE=  6.633

BIGENVALURS -
1,208 A1 128 459 . 396 . 269 222 163
106 013 .056 039 A3 028 019 016
004 003 .001 00 D00 .000 000 000
000 000 000 000 -, 001 -.001 -.003 ~.004

-.020 =04 -. 056 -.082

VRCTORS SCALED BY BIGENVALUE

VECTORS
E.VALUR  3.20% g1 q29 459 396 269
XTRACE 8% i1 10% 6% 5% [}
ACC. X 8% 60% 3t 7% Bi% 34
1 -.318 A3 -.039 Q11 -.201 075
& -.068 33 -.046 -.011 007 -.007
3 .358 - 055 105 105 - 033 0t
{ -2 -.098 -.003 -.138 - 144 L3
§ 307 -.038 .050 048 03 122
] 236 -, 059 Rl -.021 -.056 087
7 .209 -.086 035 -.002 - 128 000
8 138 -.009 43 088 -.082 J13
] -.52l =030 315 A1 -.020 - 089
10 -.019 - 185 -.081 -9 038 160
i1 031 -.016 031 -.092 181 083
12 -.351 Ol -.160 18 40 43
13 -.298 -.018 108 038 156 =18
14 -.123 .188 -.083 - 149 -. 128 -.032
15 J61 -.02b -2 -.045 AN -.056
16 =193 -, 081 025 -.130 063 -, 066
17 019 118 - 085 003 187 119
18 - 13 -. 286 -2 -.i85 019 060
18 -.032 025 065 -. 156 J48 -.001
20 -~ 318 -.0i8 AN J23 031 049
il -.010 42 -.03% -.028 016 A79
a2 141 - 020 AU Q21 011 -. 161
i -.408 -.240 -.018 1817 109 -0
U -. 386 -2 210 .14 -, 066 083
25 -3 -l - 134 .019 03§ -.063
26 -, 086 -.022 -3 -.081 016 01k
] -3 -4} .036 R -.063 -.01?
2 -. 018 R 14 A070 - 142 L20 - 144
28 40 -.054 028 004 -.032 -.068
0 H03 - A -.088 .066 -.178 -. 140
)| 33 084 -.085 154 056 .028
L} 357 -.038 025 076 M2l -.040
i 32 -.0u Q21 -.035 -.006 -7
i .252 028 081 -.116 -. 084 -.056
35 -9 022 - 308 101 -.018 003
36 -1 323 - 069 -.065 -.029 -.018
3 -4l . 883 056 i2b -.04 D01

128
010
000
-, 007

282
k7]
9

428
031
037
-.006
A1
-, 126
-.202
14
473
-.08%
-. 089
-.022
42
J01
016
-.016
052
410
-.056
- 080
018
- 010
063
020
099
034
L1t
.088
-.103
-.052
070
.038
026
036
-. 056
-.094
-, 042

31

Al
.005
000
-.008



38 -.158
38 349
§0 304
il 279
{2 381
¥ 280
i Al
-BACRIY.

NOTE: CORRELATIONS PRINTED ARE THE CORRELATIONS OF THE ATTRIBUTE VALUBS WITH THR SCORES POR THE VECTOR

230 - 142
-.038 016
A1 -. 081
M0t .053
-0 008
.009 L
-.061 - 404

CORRELATIONS FOR VECTOR 1

-------------------------

ATTRIBUTR CORREL.  NO.

NAME TIPE  CORFF. PRESENT NO
SPIEE DIAMETER  FNUK 6  -.B556 4
SPIEE LENGTH PNOM 4 -.831) 4
TRUNE HRIGHT PNOM 3 -.8206 H
BRACT COLOUR DUL 4 -.8221 41 1
§P,SC RATIO FNON 7 -.82107 4
SCAPE DIAMBTER  FNUN §  -.8153 44
LEAF COLOUR DNUL 2 921 43 2
LEAF COLOUR DMUL ¢ -.7782 43 i
BRACT SHAPE DNUL 3 -.1635 2
LEAF WIDTH FNOM 1 21T o
BRACT INDUMBNTUN FNUE 10 7173 43
BRACT COLOUR DMUL 4 H838 41 2
LEAF THICENRSS  FWOX 2 5819 28
PCB'S FNUN 8 -.59068 42

8 ITEMS NOT PRINTED
CORRELATIONS FOR VECTOR 2
ATTRIBUTR CORREL, MO,

NAMB TIPE  CORFF. PRESENT MO
LEAP SHAPE DNUE 1 J005 M
LEAF SHAPE DMOL 1 -.6167 4 3
BRACT SHAPR DNUL 3 332 I
BRACT COLOUR DEL ¢ 4112 41 2
BRACT SHAPE DHOL 3 -.4700 43 3
BRACT COLOUR DHUL 4 -.4348 i1
BRACT INDUKENTUM FENUN 10 3817 43
SPIRE LENGTH FNUK 4 2044 i
PCB’S ENUN 8 -.2T38 42

13 ITEHS NOT PRINTBD

.085 003 -, 045 - 132
064 018 -.062 ,026
108 ~-.020 ! A78
-.008 -.031 -0 A2
- 131 -. 086 020 052
003 -.050 -, 03§ 04
078 029 -. 001 043

STATE

NANE

STATE

NAKE
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CORRELATIONS FO% VECTOR 3

ATTRIBUTE

RAKE 1108
LEAF SHAPE DMUL 1
BRACT SHAPE DHUL 3
SCAPE DIAMETER  FNUX §
SP,SC RATIO FNUN 7
BRACY SHAPB DEUL 3
SPIEE LENGTH FNUN 4
LEAP THICENESS  FNUM 2
SPIKE DIAMBTER  FNUM &
LEAF SHAPR DKUL 1
LEAF COLOUR DKUL 2
BRACT IMDUMENTUN FNUM 10

11 ITEKS NOT PRINTED

CORREL .
COEFE.

-5l
5049
4503
4237

- 4192
4103
3869
818
RILY
3065
3038

RO,

PRESEHT KO

“o1

41

4

H

3

H

28

i

H o3

1

43

STATE

HAME

i3



Appendiz 3.6 Pearl Beach, Data set and UPG Classification results.

(Sixteen characters are shown below as two characters vere originally scored both as multistate and
numeric characters but these alternatives were later masked- out when it was found that they produced

the same results.)
3, 1, 2, % 1, %
3.50 1.5 22% 11
(llz, ll 2! tI 3! 2!
.50 1,75 225 113
4, % L % 4L
§.00 2.26 250 150
(nLey 1, 2 1, % &
3.20 1.60 210 ¥
(1,2) 1, 2, & % %
3.40 1,90 220 *
4, 2, & 1, 3, 3
3,00 2.30 275 20
PO PO P T P 1
7,00 1.80 250 140
4L, 2 2 1, 3 4
6,50 2,00 225 150
41 21 zl *! 2' 2'
5.80 L.50 180 80
1 1 2| ll 3! 3!
.75 2.25 215 185
(llzl 1' 2! ll 1? ‘!
.10 1.2 180 54
L L L,
3.20  2.00 109
1| 1’ zl 11 3| ll
3.20 200 166 100
11 ll z' 1I 2! ‘!
.15 1.60 Q24 60
li I! zi *! zl *'
3.4 L8 80 80
4! al 2! *l 3l *!
6.30 1.50 1817 110
41 zl 2' ‘l 3! *I
.80 1.80 130 84
‘I zi zl t| $, 3
11.00  2.00 238 221
‘! 2l zl ‘l zf 3!
1.50 .50 170 138

{

11
1§
1
17
15
18
a1
29
22
28
13
U
26
1}
3
U
15
30
4
]

i

3%

i

45

38

30

45

38

35

2

it

6

11

4

i

H

i

3

50

3

b1}

3

SE0
41
600

£

t
a6 0
601
RTI
TR
a0
361
TR
61
210

.00 9
560
&5 0
450
81 0
N TR
a0

50
60
100
20
10
106
60
150
120
200
30
3]
1
{0
10
100
150
120
160
60

100

.0
1.0
o
A
1.9
1.0
1.0
2.0
1.9
3
2.0.
.1
1.0
1.0
0
1.9
2.0
8]
3.0
2.0

1.00

WARLAR |
WARRAE 1
WARRAH 2
WARRAB 2
WARRAH 3
VARRAH 3
VARRAH ¢
WARRAD ¢
WARRAR §
WARRAH §
VARRAK ©
WARRAH 6
WARRAE 1
WARRAH 7
WARRAH 8
VARRAH 8
WARRAH 9
WARRAH §
WARRAHLO
WARRARIO
WARRAH11
WARRARLL
WARRAH1Z
VARRARIZ
WARRAH13
WARRANLY
WARRARLY
WARRAHIA
VARRAH1S
WARRARLS
WARRAG16
WARRADLG
VARRAHLT
WARRARLT
WARRANLS
WARRAAIS
VARRAR1Y
VARRARLS
WARRAE2(
VARRABZ0
VARRAH21
WARRAH21

KL



-H58D.

AN, UNWELGHTED PAIR GROUP OR GROUP-AVERAGE SORTING

STANDARDISED EUCLIDEAN KRTRIC

FUsSION

i8
I
25 +
4+
14
9 ¢
)
12+
30+
13+
9 ¢
1§ +
1+
15+
kY

%
+
+
g4
4
t
t

[
L]
[1] " n " nou n n L1} i n

GROUP  DISSINILARITY D{I}-D(I-1}
& 1386 1388
A J451 0085
u 1183 0332
1] 2119 0336
6 ¥l 0121
! .2831 0591
3] 2989 0152
3] A010 1021
30 A038 L0028
k)| 4163 0125
3 4308 0145
1 5678 L1310
H 6431 0152
3 6529 0098
3 L1694 1165
i 8140 446
18 8441 0307
1 291 85t
{0 11911 .2680
41 1.5800 3823

MOJENA OPTINAL GROUP DISTANCE - .41
{PORMULA 1, £=3)

NUMBER OF GR0BPS I3

0.

NO.

NO.

GCON and GSTAT are in tables 3.10 and 3.1l in the body of the text.

1 (6P
2 (eP

3 (cp

38) WITH
1§) VITd

39) Wit

]

12 MRKBRRS - 3 6 -10 16 -21

1 MEMDEES - 15

§ MRMBERS - 1 -24 -5 11 -4

35



Appendiz 3.7 Pearl Beach, ISS Classification results, with GSTAT ARD GOON.

$#4% T-NEDIA+ARBOREA WARRAH3 ISS 3IGROUP ANALTSIS
$3¢% [1=21, IFN=10, IDK=6, NGREQ=3, SORTSTRAT=ISS

-¥SED.
STANDARDISBD EUCLIDEAK METRIC
-SAEN.

BURR'S STRATEGY OR INCREKENTAL SUX OF SQUARES WITH SED

FUSION GROUP  DISSIMILARITY D(L}-D(1-1)

16+ 21= 22 .1386 1386
6= 23 451 0065

{= U 1783 0332

t 1= 2 219 .0336
2y 5= 26 2240 L0121
18+ 2= 2 3298 1059
17+ 2= 28 352 0224
T+ 2= 2 A163 640
e = N 4190 0621
9+ 2= 3l 4236 L0445
B+ 2= A 453 1218
12+ 2= 3 1821 43U
e 18= U 8944 J111
W+ M= W 8985 041
1H+e 3= 36 L9515 D830
e ¥:= N 1.0722 1207
e W= N 1.3348 2626
M+ W= 3 1.§173 2825
Ny W= H 1.6048 815
e 0= 4 §.4131 6.8089

¥OJENA OPTINAL GROUP DISTANCE - §.01

{FORMUEA 1, K=3)
NUMBER OF GROUPS I§ 3
¥0. 1 {GP 39) WITE 9 WEMBRES - 1 -24 -5 1i-1%
KO, 2 (GP 32) WITH 5 MEMBERS - 3 68 10 18

NO. 3 (6P 37T)WITH 7 MEMBRRS - 7 ¢ 16 -17 19 -21

-GCON.

s8¢ COMPARISON NO. 1
¥4 GROUP A =GP 38
s GROUP B =GP 32 4GP 37



TOTAL CONTRIBUTION TOVARDS THR PUSION OF GROUP A WITH GROUP 8§ = 8.5048

GROUP B
12 MEMBERS

-------------------------------------------------------------------------------------------

GROUP A
3 WRNBERS

ATTRIBUTR NANB ¢ ATIRIBUTE NO. !
(STATE) ! HEAK  PRESENT!
............................ | [ |
f !

DNUL 2 LBAR COLOUR ! g 1
s, 1 ¢ 1,000 !
ST, 2 ! 000 !

! !

DNUL 1 LBAF SEAPE ! 31
st 1 ' 889
st 2 ! 556 '
ST, 4 ! 000 !

! !

! !

ATTRIBUTE NO.

'

HEAN  PRESENT!

00
1.000

12
000
000
1.000

eem MEm reie bem Bam Sme kmm e deh bem T S

-------------------------------------------------------------------------------------------

1 ATTRIBUTES MADE NO CONTRIBUTION.

$¢4%  COMPARISON NO, 2
B44¢  GROUP A = GP 32
kst GROUP B = GP 37

TOTAL CONTRIBUTION TOWARDS THE PUSION OF GROUP A WITH GROUP B = 2.204%

GROGP A
5 MEMBRRS

GROUP B
7 HBEBERS

ATTRIBUTE NAME ! ATTRIBUTE NO. !

(STATE} { . MEAN  PRBSENT!
............................ P
! !

FNUN § SPIXE DIAMETER ! 42,600 5§ ¢
FNUK 5 SCAPE DIANETER ! 3,600 5 !
FRUK 4 SPLKE LENGTH 180,400 5 !
! !

ATTRIBUTE NO.
WEAN  PRESENT

------------------

n.aesr 1
22,5711 1
11,286 1

!
H
!
H

amm e e bum mma e

CONTRIBUTION
X ! % ! ACTUAL
1(CUK)!  VALUR
..... !----_!-«--------_
too
294 291 2,50
roo
v
rooy
231 52t 1.9
too
v
rooy
vy
v
CONTRIBUTTON
¥t % ! ACTUAL
1(CUM)! VALUE
..... I-----!-----------
T
21 AL 483
171 381 .38
151 531 341
v

-------------------------------------------------------------------------------------------

4 ATTRIBUTBS NADE NO COMTRIBUTION.
-G5TAT.

INDIVIDUAL GROUP NO. 1 (P
EREEBIEEREEELESEILES

DISORDERED KULTISTATES KO,
IS 1 2 3

1 LEAF SHAPE 0 § 5§ 0 9

39) Wit 9 KEMBRRS

NO. IN STATE

131



! LEBAF COLOUR

3 BRACT SEAPE

4 BRACT COLOUR

5§ CLUSTER BRACTS

§ JUY. CLUSTER BR.

NUERIC ATTRIBUTES
{ FNUY)

1 LEAF WIDTH

2 LEAF THICENESS

3 SCAPE LENGTH

4 SPIXE LENGTH

§ SCAPE DIAMETER

6 SPIKE DIAMETER

7 SP/SC RATIO

8 PCB'S

9 TRUNE HEIGHT

10 BRACT INDUMBNTUM

—_— L L O =

No.
NS

0
]
¢
2
0
0
2
0
0
0

K0

=0 NOT §

—n M R S D D S D S

[ N - -

— gD P WD O

K.

ﬁlﬁ-‘-—:nﬁ&o—:ww@

INDIVIDUAL GROUP KO.
SERERRERLERERRRERELE

DISORDERED KULTISTATES NO.

1 LEAF SHAPE

2 LBAF COLOUR

1 BRACT SHAPE

{ BRACT COLOUR

5 CLUSTER BRACTS
6 JUV. CLUSTER BR.

KIS

0
0
0
2
1
]

3 B EC A —

[

=S D D U O

]

KIN.

2.750
1.280
§0.00
54.00
13.00
26,00
2700

10.00

0.

¢ {Gp

N0, N STATE

3

0

NIN.
NOT 0

2.750
1.250
80.00
54,00
13.00
26,00
2700
1.000
10.00
10008+00

32) WITH 5 NEMBRRS

{

§

KAL.

1,500
2,250
YR
1i5.0
26.00
43,00
1,000
1.000
10.00
2.000

UEAN

1,24
1.761
193.6
80,14
18.18
36.00
24l
i
31.78
RIS

438

HEAK
KT 0

3.4
1.761
183.%
§0.14
19.78
36.00
S
1.000
EY L
L3500

. s e RN M D KT s



NUMERIC ATTRIBUTES

{ENUK)

I LEAF WIDTH

2 LEAF THICENESS

3 SCAPE LENGTH

4 SPIKE LENGTH

5 SCAPE DIAKETER

6 SPIEB DIAMETER

1 SB/SC RATIO

9 TRUNK HELGHT
10 BRACT INDUMBNTOM

K0,
¥is§

]
0
0
0
0
0
0
0
0

K0

=) NOT 0

P I — K — R =

0.

§
5
§
5
§
§
§
5
§

INDIVIDUAL GROUP NO.
RRERBEEERRRBRESLILLS

1 LEAF SHAPE

! LEAF COLOUR

3 BRACT SHAPR

{ BRACT COLOUR

§ CLUSTER BRACTS
6 Juv. CLUSTER BR.

HUNBRIC ATTRIBUTES

{ ENUK)

1 LEAF WIDYH

2 LEAF THICENESS

3 SCAPE LENGTH

§ SPIIE LENGTH

5 SCAPE DIAMETER
6 SPIER DIAKETER
1 SP/SC RATIO

8 PCB'S

9 TRUNE HEIGHT
10 BRACT INDUMBNTUM

DISORDRRED WULTISTATES KO.

KIS

0
0
]
6
1
i

nol

HI§

]
0
]
0
0
0
]
0
0
]

KO

= KT O

PR T S I BN — R

T e D D O

— A O —a =3 &

¥0.

1
1
7
1
1
1
1
2
1
1

NIN.

6,500
2.000
21%.0
150.0
29.00
35.00
L6000
100.0
,5000

3 (6P 37} WITH

NO.

i

0

TN STATE
{

!

HIN.

1.800
1,500
130.90
80.00
15.00
29,00
A0
0.
60.00
1.000

LILE
NOT 0

6.500
2.000
a5
150.0
29.00
15.00
6000
100.9
5000

7 HEMBRAS

Hik.
¥t 0

£.800
1.500
130.0
§0.00
15.00
29.00
4400
000
60.00
1.000

HAL,

11,00
2.300
275.0
8210
18.00
50.00
L3500
200.0
2.000

KAL.

1.500
2.500
250.0
150.0
1.00
38.00
4100
1.000
160.0
3.000

KEAR

B.450
2.160
240.6
180.4
31,60
42.60
1480
134.0
9000

HBAN

§.550
1.8
188.1
1a
22.51
12,86
5211
2143
107.1
1.511

419

NEAR
Not 0

8.450
2.160
240.6
180.4
31.60
42.50
1480
13¢.0
9000

KRAN
HOT O

6,550
1,811
188.1
111.3
22,51
12.86
6211
7500
101.1
1.511



STATISTICS FOX BNTIRE DATA
3322222314 bR 42222221

DISORDERED KULTISTATES XO.

ALS
| ,EAF SHAPE 0
2 LEAR COLOUR 0
3 BRACT SHAPE 0
{ BRACT COLOUR 11
5 CLUSTER BRACTS {
§ JUV. CLUSTER BR. 10

NUMERIC ATTRIBUTES LI

{FHOK} KIS

I LEAF WIDTH 0
2 LEAF THICENESS 0
3 SCAPE LENGTH 0
§ SPIEE LENGTE 2
5 SCAPE DIAMETER 0
& SPIEE DIAMETER 0
T SP/SC RATIO 2
g PCB'S 0
§ TRUNK HEIGHT 0
10 BRACT INDUNENTUN 0

o

—
et — o B - I I —— I —

=0 NoT O

—_— e O D D O

¢

S —
O e o3 s B R

0.

&
&l
i
1§
2
21
19

]
21
20

NO. IN STATE

3

0

{

12

KiK.

2,150
1.250
80.00
§¢.00
13.00
%.00
2100

10.00

KIN.
NOT 0

2.75¢
1.250
80.00
.00
13.00
26.00

L2100

5000
10.00
J1000B+00

AL,

11.00

2,500

215.0
121.0
38,00
§0.00
1.000
1.000
200.0
3.000

HRAN

§.586
1,863
203.0
123.9
23.52
36.52
B 143
2618
81.81
1.100

1]

KEAK
HOT 0

§.586
1,883
203.0
123.9
23.52
16.52
L6211
.$167
83.81
1.15%



Appendix 3.8 Pearl Beach, PCOA Ordination vector scores.

TRACE= 3,184

EIGENVALUES
1421 498 364 ,265
027 A17 009 03
-.067

VECTORS SCALED BY EIGENVALUE

VRCTORS

B.VALUE  1.427 A58 364
$TRACR 43 15% 11%
ACC, % 4% 60% 11X
l -.282 -.041 082

) - 261 - 106 J47

3 Jil -.15% N3

{ -.282 - 407 L3

§ -.352 -6 J043

] 382 -.19) 76

! .157 =027 184

8 256 .098 . 055

3 -.031 236 -.033
10 332 -0l - 031
11 - 436 (215 160
12 -.203 -, 229 -.090
13 -.181 - 148 -. 068
i -, 258 - 048 -, 057
15 -1 - 051 - 448
18 082 128 066
11 .061 284 -, 050
18 403 -2 008
19 264 218 -.188
Hy 082 .109 084
21 40 JA15 -, 059

207
000

1M
-0}

265
1]
8%

088
A6
1
-.090
245
~-011
-0n
-.080
050
-.083
-,07§
JA78
-.230
-.115
-.028
-.020
-.033
116
076
21
016

142
-.003

201
6%
Box

-.06%
091
=047
-.080
138
013
64
001
- 288
003
,019
-1l
159
-.182
067
- 100
036
L02
20
054
-.02

091
-.016

54
1]
1t

-1
26
083

-.208

-.001

-.028
042

-.02%
34

-. 085

-. 051
60
J4
J4

-, 063
61
54

- 109

-.032
NiH

-, 023

.082
-.018

J42
i
96%

- 054
J18
18
023
064

- 053
iz

-0y
60
L4

-.08i

-. 061

-.004

-0
.081
130
A2
028

-, 166

=120

-0

441

46
'10‘2



Appendix 4.1 Asparagales analysis 1: Data file and complete results of
cladistic anzlysis of the Asperagales. {Abbreviations as per Appendix ¢.8).

|PILE=ASPARAGS . PAU

t

ICLADISTIC ANALYSIS OF ¥OODT XONOCOTYLEDONOUS PLANT FANILIBS WITH DRACAEKOID
1SBCONDARY THICEENING

!

ICODING FROM DAHLREN & CLIFFORD {1983), DAHLGREN, CLIFORD & YEO (1985) AND
IDAHLGREN & RASHUSSEN (1983)

PARAN NOTU=6 NCHAR=14 MISSING=3 ECHO;

LABRLS 1HERBACE 2RO0T-VE JSTBK-VE 4LEAR-VR SDISTYCH §BROAD-1 TSPINRS BSTOMTYE
9STOKPOS 10INFLOR 11PLOWER {2CAPSUL 13PHYTOM 14RAPHID;

A
ourGe 0
DUACAE 9
AGAVAC 3
ASTELL 9
NOLINA O
IANTHO 1
interact;

define outgroup=outgp;
go/rootzoutgroup allirees chglist apolist birange cspos;
interact;

RBSULTS

Option settings:

(111 ¢ | b
NCHAR .ovvivrrannerssaane 14
User-tree(s) «vvvnsnnnans 0
BYPANC . .vvivennsanennnes 1

ADDSEG ..vvvviinniscansns LIT
BOLD vevvvrvvvnnnnnnnans N/A
SHAP oiiiiiiiiinaninian L)
HULPARS +0vovvvnsninarnas L1
174 NP 1 1 118
ROOT uvvveevrannnnasenss OUTGROUP

Weights applied ......uvs 0
OUTHIDT (EE R EENEEENE NN RN Bﬂ
Nisging data code ....... 9

lhxrlgg IEEE RN RN NN E!A

Exhaustive search of all possible topolegies performed.

T



Branch lengths and linkages for unrooted tree mo. 1

Kinimum Naximum
Connected Branch possible passible
Kode te node length length length
DRACAE ( 2 § 1.000 1.000 1.000
AGAVAC | 3} 7 2.000 0.060 2.000
ASTRLI { ) 10 4,000 4.900 4,000
NOLINA ( B8] § 1.000 1.000 3.000
IANTHO ( 6) | 3.000 3.000 7.000
7 8 5,000 3.000 6.000
L] 9 3,000 1.000 5.000
9 10 2.000 2.000 4,000
10 outeP { 1) 3.000 1,000 3.000
% Designated ocutgroup taxa
Posgible HTU character-state assigmments
i 23 456 g 311111
g B S LDB TS SO0 1 2 3¢
E9 T RIRSTTIERCP R
2 OB ASOPOGONTLSALEEAR
BT HFTALNKEFORTY?P
A - - -1DW¥TPLWSTH
CVVYVYyc-EYO0OO0OEBUYOI
Node EEEEREELSPSLERBLED
1 000t t ot o1 10110
I !
] s 011010100000
i : 1
g 6 0 11 1 60000 COQCCTDOD
1
2
10 6 01 00606 O0O0TOCD0O0CGCO0
|
]

Statistics for tree no. 1

Leogth = 24,000
Consiatency index = 0,708



Tree no. | rooted using designated outgroup

seEsRsbReess QUTGE

¥
4 Beeetd DRACAE 2
i 4
t BEEREEREE) EREREREEEE AGAVAC 3
E S 4 tEREEERRLRRR R ERRIRNREL]
CI SERERREERERELEQ FERRRREIRREANLE JANTHO 6
i) $
' $REEE NOLINA S
&

pEebEsbsktRbaResbRRs SSTELI

Change lists

Changed
Character From fo Along branch Congistency
1HERBACE
0 | g -2 1
1.000
28007-VE
0 i 10 ---» ASTELI
1.000
38TRN-VE
i ] i0 <--> QUTGP
1 0 g ---> 1
.500
4LBAR-YE
0 I 16 ~-> 9
I ) § -2 1
1,600
SDISTICH
0 | 10 ---> 19
1.000
§BROAD-L
0 1 § -2 8
i 0 7 --=> AGAVAC
0.500
TSPINES
0 i g ---> 3
1.000
8STOKTTP
¢ 1 T ---> EANTHO
0 1 10 ---> ASTELL
0.500

111



§5TONPOS

2 ] 10 <--> QUTGP
2 3 g ---> KOLINA
2 1 T === AGAVAC
0.750
10INFLOR
0 1 § ---> 8
1.000
T1ELOWER
0 1 7 ---> XANTHO
1.000
12CAPSUL
’ [} i g -1
0 1 10 ---> ASTBLI
0.500
13PHTTON
0 1 g -2 1
0 1 i0 ---> ASTELI
0.500
T4RAPRID
i} | T --=> XARTHO
9 1 9 ---> DRACAE
0.500
Apomorphy lists
Ancestral Derived Length
Node Ancestor  Character state gtate added
DRACAR 3
I4RAPEID 0 i i.000
AGAVAC - )
6BROAD-L i 0 1.000
§5TOKPOS 2 1 1.000
ASTELL 19
2R007-VE ] 1 1.000
SSTOMTTP 0 I 1.000
12CAPSHL ] i 1.000
LIPAYTTOM ] 1 1.000
NOLINA 8
9STOKPOS 2 3 1.000
IANTHO 1
§ST0KTYP 0 i 1.000
11RLOYER ] 1 1.000

14RAPAID ] I 1.000



IHERBACR 0 1
3STEM-VE 1 ]
{LEAF-VE i 2
12CAPSUL 0 1
LIPHTTON b 1
] 9
§BROAD-L 0 i
TSPINES 0 1
10INELOR ] i
tl 10
{LEAP-VE ] 1
5DISTICH ] l
Changes between nodes QUTGP  and 10 cannot be polarised.
These changes follaw:
------ S{ateg------ Length
Character ouTGP 10 added
3STBK-VE ] ] 1.000
95TOMPOS 0 ] 2.000

1.000
1,000
1.000
1.000
1,000

1.000
1.000
1,000

1.000
1,009
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Appendiz 4.2 - Asparagsles analysis 2. (Abbreviations as per Appendix 4.8}
AIILLARY INFLORBSCENCES AS STWAPOKORPAIC.
Rzhaustive search of all possible topologies perforsed,
% trees were found.

Branch lengths and linkages for unrooted tree no. I

Connected Branch

Node to node length
DRACAR ( 2] 1 2.000
AGAVAC [ 3} 9 0.900
ASTRLI ( 4) 10 3,000
NOLINA { §) 1 1.000
TANTHO ( §) 8 4.000
1 8 5.000

8 § 3.000

g i0 3,000

10 outep ( 1) 1,000

* Designated outgroup taxa
Statistics for tree mo. 1

Length = 24.000
Consistency index = 0.708

Tree no. | roofed uaing designated outgroup

sersbeebesst QUTGP 1

$
$ steseekis DRACAE 2
¢ EEREEEERESEIREERARERERR]
$ SEEEREREEIEEILY ekt NOLINA 6
¥ $ t
& SEREEEESEEERERY sesssbesesstsshashes LANTHO 6§
£ 4 t
510 % AGAVAC )
$

seaepsrabssbedt \STELL 4



Branch lengths and linkages for unrooted tree me. 2

Connected

Node to node
DRACAB { 2] ]
AGAVAC { 3) |
ASTRLE { 4} 19
NOLINA { 5} B
XANTHO ( 6) 1
| 8
8 9
9 10

16 ouTer { 1)

* Designated outgroup taxa
Statistice for tree mno, 2

length = 24,000
Consistency index = 0,708

Branch
length

2,000
2.000
1,000
1.00¢
3.000
5.000
2.000
2,000
3.000

Tree no. 2 rooted using designated outgroup

EEEEsERERERRE QUTGP 1

"
$ seessbidikt DRACAR 2
] $
£t kkrbideiesy FREERERRREE AGAVAC 3
S | ¥ SREREEREREEERIREEERE RIS EET
$ 3 273139323 SERRESRELEREEEEL LANTHO
$k10 H
% dee8t NOLINA

%
BEEEsRbRbEeRRbeRaERt ASTRL] ¢4
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Appendix 4.3 - Asparageles analysis 3. {Abbreviations as per Appeedix 4.8).

WITH INFLORBSCENCE CHARACTBR {10) BELBTED

Brhaustive search of all pessible topologies performed.

2 trees were found.

Branch lengths and linkages for unrooted tree no. 1

Connected Branch

¥ode to node length
DRACAR { 2) 1 2.000
AGAYAC (3} b 0.000
ASTELL { 4} ib 1.000
NOLINA { §) 1 1,000
TANTHO [ 6 8 4,000
] 8 4.000

8 § 3000

] 10 3.000

10 QUTGE { 1) 3,000

% Designated outgroup taxa
Statistics for tree mo. 1

Length = 23,000
Consistency index = 0.696

Tree no. | rooted using desigaated outgroup

srebeersastst QUTGP 1

£
* ssrpeessss DRACAR
¢ SEREERRRRRSERSRRLL]
¢ EEREEEEERERRREEN] sesses NOLINA 5
$ t %
£ BRREEREERREEEER) seprsksbRERERBREEREEY LANTHO 6
t s t
st + AGAVAC 3
t

steebkbRsdbRRbRE ASTRELL

3

449



Branch lengths and linkages for unrcoted tree mo. 2

Connected Branch

Hode to node iength
DRACAE ( 2} § 1.000
AGAYAC ( 3} 7 2.000
ASTRLI { ¢} 10 4,000
NOLINA { &) 8 1.000
LANTHO ( ©) 1 3.000
7 # 5,000

8 g 2.000

§ 10 2,000

10 ouTeP { 1) 3.000

* Designated cutgroup texa
Statistics for tree no. 2

Length = 23.000
Congistency index = 0.696

free no. £ rocted using designated outgroup

seRsteeksies QUIGP |

%
t skbkkt DRACAE 2
£ 3 t
$ RskebkEEREy sEEsbEReEds AGAVAC 3
L I L 4 AEESELEEERRLERNLIRETNEELE]
E I | 13332331111 pteseesbbbbbises TANTHO 6
510 :
¢ seekds NOLINA 5
]

dbtEkepbResbRbasEREs ASYRLT 4



Appendix 4.4 - Asparagales apalyeis 4. (Abbreviations ag per Appendix 4.8},
ANALYSIS WITH INELORESCENCE CHAR {10} NOT POLARISED
Rxhaustive search of all possible topologies performed.

2 trees vere found,

Sranch lengths and linkages for unrooted tree no. i

Connected Branch

Node to node length
DRACAE { 2} 1 2.000
AGAVAC (3} § 0.000
ASTRLI { 4} 10 3.000
KOLINA { 5} 1 1.000
TARTHO ( 6} g £.000
1 ) 5.000

8 3 3,000

9 10 3,000

10 ouTee (1) 3.000

* Degignated cutgroup tare
Statistics for tree ae. 1

Length =  24.000
Congistency index = 0.708

Tree ng. | rooted using designated outgroup

sEEEsRkRRERE QUTGP

H

% shEsastaes DRACAR 2
t EREEEERENEREERRREIRSEAEE]

$ TTTT 12282222 se84% NOLINA 5

1 ¥ L2

§ REREERERREEIREY ERsSEESRERRREERAEEEE JANTHO 6

L 2 ] L

$10 ¥ AGAVAC 3

t
stebseabetitate ASTRLI ¢



Branch lengths and linkages for unrooted tree mo. 2

Connected

Kode to node
DRACAR { 2} g
AGAVAC { 3] 1
ASTRLL ( 4] 10
NOLINA { §) 8
LANTHO { 6) 1
1 B
8 9
4 10

10 ousce (1)

% Designated outgroup tara
Statistics for tree no. 2

Length = 24.000
Consigtency index = 0.708

tree no. 2 rooted using demignated out

EReRRaebees QUTGP |

Sranch
length

2.000
2.000
4.000
1.000
3,000
5.000
2,000
2.000
3,000

group

L
' tseeskebiss DRACAE 2
s t
£ ReEERRLEEN) thruseidis AGAVAC 3
LI L SEEREEERERRRRRERRERRELILE]
¢ (IR 12322 %) stebdesabibassis LANTHO
$$10 ¥
L tekekt NOLINA O
%

sReedatteseibbbRnbbes ASTRLL |

§
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Appendix 4.5 Asparageles amalysis 6. (Abbreviations as per Appendix 1.8},

CAPSULES AS PRINITIVE FRULY TYPR - DRUPES BTC. AS ADVANCED

Exhaustive search of all possible topologies performed.

4 trees were found.

Branch lengths and linkages for unrooted tree no. 1

Node

DRACAB (
AGAYAC {
ASTELI {
NOLINA {
TANTHO {

1

8

L)

i

2}
3]
i]
5)
§)

Connected Branch
to node length
1 2.000

9 §.000

10 4,000

1 1.000

] 4,000

8 5.000

§ 3.000

10 3.000

outer ( 1} 3.000

¥ Designated ocutgroup taza

Statistice for tree mo. 1

Length =

24.000
Congistency index = 0,708

Tree ng. ! rooted using designated outgroup

31223232232 ;1L HY

$
i sEEBesRbEE DRACAR
t SERERREREEELEEERRSIERELL]
% 1311372231311 se3ke NOLINA 5
¢ t t
£ EERRREBERREEEY SEeEsRbBERbERERSERRE LANTHO 6
t o t '
£410 $ AGAVAC 3
]

sresebbsReasens ASTELI 4

2
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Branch lengths and linkages for untooted tree mo. 2

Connected Branch

Node to node length
DRACAE | 2} 1 2.000
AGAVAC [ 3) 8 1.000
ASTELE ( 4} 10 2.000
NOLINA { §) 1 1.000
TARTHO ( 6) 8 {.000
7 L] 3.000

B 9 {.000

9 10 3,000

10 0uTGP { 1) 4,000

¥ Designated outgroup taza
Statistics for tree no. 2

Length = 24.000
Consistency index = 0,704

free na, 2 rooted using desigaated outgroup

steeesteeabetesns QUIGP |

t
t stektsieist DRACAE 2
% (1131222322212 2%)
¢ % steeer NOLINA  §
¢ BRERRESERRERRELLLY
I ¥ RESESE AGAVAC 3
tEs1) 3332223131222 23220
¥ sReRbbReabeLaRERIsLaeEs TANTHO 6

%
seseebsbeeds ASTRLI

Braach lengths and limkages for unrocted tree no. 3

Connected Branch

Hode to node length
DRACAR ( 2} ] 1.000
AGRVAC ( 3) 1 2.000
ASTRLL ( 4} i0 3.000
NOLINA { §) 3 1,000
XANTHO ( 6) f 3.000
H ) 8 5.000

] ] 3.000

9 19 3,000

10 ourer { 1) 3,000

¥ Designated outgroup tama
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Statistics for tree mo. 3
Length = 24.000
Consistency index = 0.708

Tree no. 3 rooted using designated outgroup

sbeaeestaecs QUTGP 1

£
¥ t44k% DRACAE 2
t 1)
t REREEEEREERREY sekktibtss AGAVAC 3
t & ¥ 1331313111132 2333332 %)
| J | 1333321112281} steeessnkiitr LANTHO
3 311) 2
$ skked NOLINA B
%

sepsbbebassbnd ASTRLI |

Branch lengths and linkages for unrooted tree no.

Connected Branch

Node to node length
DRACAE { 2} g 3.000
AGAVAC ( ) ] 0.000
ASTRLI { 4) 10 2.000
BOLINA [ 5 1 £.000
TANTHO ( 6} 1 4.000
1 ] 3.000

8 ] 3.000

9 10 2,000

10 ouree { 1} 3.000

 Designated outgroup taxa

Statistics for tree no, 4
Length = 24,000
Consistency indexr = 0.708

Tree no. 4 rooted using designated outgroup

STEIERRT 222 31ih H

skrsuresrissasbiris NOLINA

stEsReEERabRRLIbes JANTRO

*

$ sEResssERbERRRs DRACAR 2

£ dEERERREL)

LB $  AGAVAC 3

L HEEEEEEEEEREEE]

410 *
¢ seatsRtiEkibEEse]
$
¢

sspeeeniens ASTRLI 4

b

5

6
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Appendix 4.6 Data file for cladistic smalysis of Isnthorrhoes.

{Abbreviations as per Appendix {.8)

CEARACTERS 2 7 9 10 11 12 13 17 18 UN-POLARISED (CODBD KISSING IN OUTGROUF|

=132 HORELEASE;

§ ECHO OUTWIDTH

=34 NCHAR=26 WISSING=

PARAN NOTY

PETSE 24_PRYSH 25_PETPB 26_PETER;

AU000100000000“00000@00000000009“0”
GGOgolin00060000000000000011000000
0221111222120022122221112221122119

ULF_THE 7_LP_COL §_STONS

PCB S 16 _PCB B 17 PCEBS

00111}11111111111111[11]90111}11[0

033330031131020101110000000100000u

1.;1.111111111111111}11[1111101\111011199
000010anlﬁuo010100000000000000000
0999999990g«lgglgnllllggggggggggggﬂ

SP_L 13_SP_D 14_PCBS 15

034!1.Iuﬂu111031]200122311112202009009
333‘-3229&322212‘2332322zzazloﬂvououg

$P_HR 23

gggggggg]9999993199911111]1510%90““
gsgggggssn‘dg99992!?9911101111099000

?

333333332333333213331”001200099000
11900000000000100000000011[0009900
222222221012‘.22211lllllzzzzzzlozlg

55.!.1!.2.11.‘111001312“23‘32003‘-‘4‘311209

SP_BK 21 SP_PB 2

1]10“00o00000011000“00011110100099

CROWNS 4_LF_SHA 5_LF_¥TH §

1
1
1
2
1
1
1
1
1
1
1
:
1
1
2
2
I
2
2
1
1
2
2
2
]
2
i
1
2
0
0
i
t
0

1
t
0
1
l
1
1
9
0
1
1
3
1
I
1
1
1
0
0
0
1
1
1
)
i
I
1
0
i
0
0
l
I
]

t3
|
20
¢1
0
¢
¢ 0
0
i1
02
12
12
20
00
¢1
01
Il
i1
¢
20
11
¢
20
0
20
20
]
10
10
i
it
11
0o

9_8C_L 10_8C_D 11_RATIO i2
!
1
1
]
i
1
1
g
0
$
]
0
0
g
g
0
0
0
0
0
0
0
1
t
i
1
1
1
]
0
¢
0
§

DATA {A8,AL,1X,2612);

MACRONEK 21 213
GRACILES

CONCAVA

FULYA

18_PCEBH 19_PCKBC 20
3
2
2
L1
N1
I1
T 1
1
Id
D0
G 0
¥
1
l
1
0
0
]
0
]
]
6
1
A
2
2
2
4
0
0
]
0
0

LABBLS 1_TRE_HT 2_BRKCHS 3

RESINOS
BRUNBRY
BRUNSEK
BREVIST
PLATYPH
PREISSI
DRUNKON
QUADRAN
THORNTO
NANA
POMILIO
NRDIA
ALNAE
LAT LAT
LAT MAX
ARBOREA
NALACORH
GLAUCA €
GLAUCANG
ACAULIS
HINOR ML
HINORLOT
BRACTEAT
CAESPITO
ARENARIA
SENIPLAN
SBMI TAT
ACANTHOS
ADSTRALI
AGAVALES

DEFINE OUTGROUP 34;

INTERACT;

=CLOSEST

15 ADDSEQ

GLOBAL KULPARS MAZITREE=100 HOLD=

ROOT=0UTGROUP;

G0/ SWAP
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RBSULTS OF CLADISTIC ANALYSIS OF XANTHORRHOEA

Option settings:

NOTU vovinivnnvinnicnanss U
HOHAR +ovvvvuvinanninnans 26
Uger-tree(s) vovvvvienran 0
HYPANCG o0vvvivnviniannnes 1
ADDSER .ovvviiiinininnans CLOSESY
1] 1) 23
SWAP o ivviiiiinniiniines GLOBAL
KULPARS ....ovvivininnnan YES
1] SN FARRLS
ROOT vovivuvvnnnervnnenns OUTGROUP
Weights applied ......... N0
DUTWIDTH . vvvininvinonsnas 132
Kissing dats code ....... 9
BAXTREE +vvuvvinvanianans 100

18 trees were found.
Statistics for trees

length = 181,000
Congistency index s 0.293

COCCECCOO0LELCUL, 200N 1 (6, 7)8) (24,28 ){ (25, 26027} )28} ) ) id ) 1T} ({9, 10
J12((15,16)((18,20)19})) })13)(17,21))4228,23))33032}(30,31))34);
COCCECOOO0LEEC0n, 2030038 J (8, TH{8(((24,20) ({26,26)27})28) )} )14} iT)((9,10
JOI20015,16)((18,20)19)) ) 103 )(17,20})(22,23))33032)(%0,31))34};
COCCCCCOUUEECCUE, 23 M8 (0 (6, T)(( (24,290 ( (25, 260271 }28) J8) JadnL}((9,10
J(12((15,16)((18,20)190))))03)417,21))(22,23)133)32)(30,31)}4);
COOCCCLOCCUCECL, 2030408 ) (4£6, TH8H(((24,29)( (25,26)29))28) ) )14 )10 }((9,10)
(12((15,16)((18,20)19)}}})13)(17,81}){22,23))(32,33))(30,31}}34};
CCCCCECOEOU0ECe, 2)3MD5 3 ((6,7)8)(1{24,28){(25,26)27})28) ) )14 } 12 ){ (9,10
(120615, 16)0018,20)18) 1)1 113)(07,21)1(22,23})32)33)(30,31))34);
COCCCLOCEH 4T, 2030408000 (6, )8 ({24, 28){(25,26)27) )28} ) Jia )} ((8,10
F12((15,16){(18,19)20))}})13}{17,20})(22,23}}33)32)¢30,31))34);
{CCCECCLOCLEEL, 2)3)4) 8 (06, TH(8(( (24,290 ((25,26)27) )28} ) ) )14 )10 }((9,10)
(12({15, 16} {(18,20)19}})))13}(17,21}) (22,23} }(32,33)}{30,31))34);
COCCCCCOLECLLCT, 2) 3408 ) ({6, T)(B(((24,29) ((25,26)29))28) )} Jad}a1)({9,10
J(12((15,16)}{{18,20)19)))}J13)(17,21)}(2¢,23})32)33)(30,31))34);
COLLOOECT, 2)3 8050 (48, THBL((24,29) (25,2602 }28) ) 14 1) { (9,10
120(15,16){(18,19)203 1)) )130410,21))(22,23})43)32)(30,31))34);
{OOCCOLCECE 00, 2) 304080 (8, T (24,290 ((25,25)20) )28} )8 1) 14)11){9,10)
(120{15,16)((18,20)19})))j1a)417,20})(22,23})(32,33))(30,31})34);
COLCCCCOLECCCUL, 2080408 CLUS, T (E(24,29)((25,2612T))28) )8) )14 )11} ({9,10
J(12((15,16}{{18,20119)11))13)017,2113(22,23})32)331(30,31})34);
{OCCCCCCOCCOU, 23308 )8, T (24,290 ((25,26)27) )28} )8) J e M) { {9, 10
HI2({15,16)((18,19)20) ) ) })131(17,21)}(22,23))33)32) (30,31} )34);
CELCCCCCOLEECCS, 203450 (( (6, 7)8)(({24,29)((25,26)27) )28)) )14} 11){(9,10)
(12¢(15,18){(18,19)20)) }})13)(17,21))(22,23})(32,33})(30,31})34});
(OOLECCCLEHLCCUL, 203040808, T)BIE ({24,200 ( (25, 26927 ) )28) ) L4 JLE}{ (8,10
J(12(15,16)((18,18020)))))13)(17,21})(22,20)132)33)(30,31))34);
(OECCCCEELTLL, 233408 (18, THBE{ (24,290 (125, 26)27) )28) ) ) ha4 ) HD ) ({9, 10}
{12((15.15”(1311”20”)”13“1?:2”'(22-23“(31;33"(30|31”3“.
COLCCECCCCERECCT, 2133408 H0(6, THBE{ {24,290 ((25,26)27) )28} }) 14 1) ((9,10
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J(12((15,16){(18,18)20) ) }}113)(17,21))(22,23))32)33)(30,31)3134);
CCCLTHL,2)30 08 (08, THL(24,29) ({25, 26)21 ) [28) 181114 )11){{9,10)
(12((15,16)((18,19)200))))13 117,21 1)(22,23) {32, 331}{30,31) 134 };
(OO, 2030405 ) (48, TH(24,29)((26,26)27))28) )8} E4 ML H {8, 10
FOA2((15,160(18,19)20))}))13}(17,21))(22,23))32)33)(30,31})34);

Statistics derived from consemsus tree
(33317111131 1373232022 2832312242333

Conseasus fork index (component count) = 29
CF (noraalised} = 0.906

Tera information =260

Totel information =289

Nickevich's consensus information {CI} = 0.48§
¥eighted consensus fork = 0.516

Levels sum = 2790

Rohif's CI{1) = 0.8%5

Rohlf's -log CI(2} =0.102318+03
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Appendix 4.7 Chronology of vicariance events in Australia.

I. PHTSICAL CHANGES {Galloway and Kemp, 1981, except as marked)
Nesozoic and Tertiary

Rast-west physiographic division of the Australian land mass
through wplift of the Australian Bastern Highlands from Cape York
to Tasmania (breadly coincident with the break up of Gondwanalaed
and the rifting and separation of Australis and Antarctica) (Nix,
1881).

late Cretaceous-early Paleocene {80-60 m.y. B.P.)

Rastern part of the Australian/Antarctic segment of Gondwanaland
broke up leading to the separation of New Zealand and RNew
Caledonia from Australia (Crock, 1981).

Late Paleocene {50-53 m.y. B.P.}
Separation of Australia from Antarctica, and from the Papua New
Guinea mobile belt,

Eocene (Nid at ¢5 m.y. B.2.)

A time of major marine transgression across southern Australis,
by the late Eocene shallow seas exfended across much of the
gouthera continent (Kemp, 1981},

Niocene (Mid at 15 m.y. B.P.)

The early Niocene showed continuing extensive marine
transgression in the south, but by the late Miccene (7 m.y. B.P.)
there had been & considerable lowering of temperature and
reinfall, accompanied by large expansion of the Amtarctic ice
gheet. (Niocene aridity}

Pleistocene

Sea levels fluctuated repeatedly during the pleistocene, within
the range -200m to +{3a {due to changes in the temperature
affecting the ice sheets in Antarctica}. In the lows, Tagmanis,
hustralia and New Guinea formed a single land mass.

Rolocene
The last severing of the land bridge between the mainland and
Taseania was only about 12,000-13,500 years ago

II. CLIMATIC CHANGRS {Galloway and Lemp 1981, except as marked)
Barly Tertiary to middle Bocene

Palaeo-botanical evidence of humid and relatively warm clinate
with a tropical flora (Kemp, 1381).

Kid-Tertiary - late Eocene

Climatic changes with development of a north-south disjunction,
tropical pollen largely disappears in south-eastern Australis due
to temperature decrease, Yowever there are some indications that
wats conditions persiasted for lomger im the south of Western
hustralie, vith tropical or subtropical conditions (Hos, 1975).
¥id-0ligocene

Ag Australia moved north the South Tasasn Rise cleared Anfarctica
{Crock, 1981} and circuapolar circulation is coosidered to have
reduced temperatures. Reduction in floristic diversity observed
in fossil record for southern parts of Australia (Eeap, 1981).



Niocene

Early wara wet conditions followed by development of cooler
temperstures and probable sudden decrease in rainfall and period
of relative aridity at the end of the period.

Pliocene

Limited information suggests widespread climatic changes. Karked
varaing 3.9-4.3 m.y. B.P, likely to have been associated with
increased precipitation, followed by a renewed cooling and
dryness at the end of the Pliocene.

Pleistocene

Predoainantly dry, with temperatures similar to the present. sand
dune areas of the continent showed mobile dunes throughout the
period,

Late Pleigtocene and Holocene climaten
123,000-80,000 years B.P.
Tropical conditions, rainfall at leaat as high as at present.

Reduction in precipitation to about haif its present levels.
Glacial activity in Tagmanie.

40,000-30,900 years B.E.

Kortheast Queensland became drier and cooler, southeasters
Australia showed increasing humidity. Decreasing temperatures at
the end of the period lesd to periglacisl sctivity in the
southeast, :

30,000-26,000 years B.F.

Dry conditions persisted in the north, glaciers forned in the
Snovy Mouatains posgibly due to & cold dry windy clinate. Some
conflicting evidence for wara conditions in westera N.5.¥. and
high sea levels points to the possibility there vere a variety of
guccessive climates.

26,000-16,000 years B.P.
Increasing aridity with "peak® schieved 16,000-17,500 B.P. Cold
dry climate vith strong winds probable.

16,000-10,000 years B.P.
Dry conditions persisting, but with a gradual warming leading to
increased precipitation.

10,000 years B.P. to the present

Rige in tesperature and precipifstion leading to the return of
tropical rainforest to north Queensland, folloved by decline to
egsentially the same conditions as today for the laat 2,000 yrs.
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Appendiz 4.8 Abbreviations uged.

A nunber of abbreviations have beem used in the appendices for
chapter ¢. Some are as defined in the PAUP manusls, (Swofford
1986) but others have been used to fit plant mames inte the
constraints of program and data readsbility, and these are
defined below,

Abbreviations of plani names used in the analysis of the
Asparagales:

AGAVAC = AGAVACEAE

ASTBLL = ASTELIACEAE
DRACAE = DRACABHACEAR
ROLINA = NOLINACEAB

00TGP = QUTGROUP

1ANTBO = XANTHORRHOEACEAE

Character labels used in the analysiz of the Asparageles:

1HBRBACE = herbsaceous habit

2R00T-VE = type of vessels preseat in the root

ISTEY-VR = ' " " gten

{LBAF-VE =" ' ° ' " leaf

SDISTICH = distichous phyllotaxy present

EBROAD-L = broad leaves preseat

1SPINES = spines to leaf margins

8STOKTYP = type of stomates

SSTOMPOS = position of stomate relative to leaf surface
10INFLOR = inflorescence position: termimal or axillary
{{FLO¥ER = flowers articulated or sessile

12CAPSUL = capsular fruit presemt

1IPAYTON = phytomelan in seed coats

14RAPHID; raphides present in leaves

Abbreviations of plant names used in the Janthorrhoea analyses:

HACRONEK = Janthorrhoea mscronena

GRACILIS = I. gracilis
CONCAVA = I. concava
FULYA : L. fulva

RESINOSA = X. resinosa
BRUNBRUN = I. bruponis subsp. brunonis

BRUNSEMT = X. brunecnis subsp. semibarbats
BREVISTY = X, brevistyla

PLATYPEY = L, plat:ghxli

PRRISSII = X, preissii

DRUNKOND = Y. drummondii

QUADRANG = 1. quadrangulats

TEORNTON = L. thorntonii

NANA = 1, nama

PUKILIC = Y. pumilio

MRDIA = I, medja

ALNAE = L, alme

LAT LAY . latifelia subsp. latifolis

ARBOREA . arborea

=i
LAT KAX = I, latifolia subsp. maxisms
=
MALACOPE = X. malacophyila
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GLAUCA ¢ = Y. glauca subsp. glauca
GLAUCANG = X. glauca subsp. angustifolia
ACADLIS = I, acaulis

NINOR MT = Y. miner subsp, mipor
NINORLUT = 1. minor subsp. lutea
BRACTEAT = 1. bracfeaia

CARSPIT0O = X. caespitoss

AREKARIA = X. arenaria

SEMIPLAN = I. semiplama subsp gemiplapa
SBMI TAT = L. semiplana subsp. fateana
ACANSHOS = 1. _scanthostachya

AUSTRALL = X, australis

Lebels used in the Eanthorrhoea analyses:

1 TRE_BT = Trunk beight

2 BRNCAS = Stem bramching position
3_CROWNS = Number of crowns

§{_LF_SHA = Leaf shape

5_LP ¥TH = Leaf width

§_LF_THK = Leaf thickness

1_LF_COL = Leaf colour

8_STONS = Leaf stomatal arrangemeat

9 SC L = Scape length

10_SC_D = Scape dismeter

11_BATIO = Ratio - spike length divided by scape length
12_SP_L = Spike length

11_SP_D = Spike diameter

14_PCBS = Cluster bracts - proaineace
15_PCB_S = Cluster bracts - shape
16_PCB_E = Cluster bracts - indumentus
17_PCEBS = Packing bracts - shape
18_PCEBE = Packing bracts - indumentua
13_PCIBC = Packing bracts - celour
20_SP_BK = Sepals - beak

21_SP_PB = Sepals - proboscis

22 SP_HE = Sepals - indumeatun
23_PRTSI = Petals - aize

24_PETSH = Petals - shape

25_PETPD = Petale - proboscis

26_PRTHR = Petals - indumentun



Appendix 5.1

ASSOCIATED PUBLICATION -

REPRINTED FRCM:

BEDFORD, D.J., (1986 b). Xanthorrhoea, IN A.S. George, (ED),

FLORA OF AUSTRALIA: APPENDIX: New taxa, canbinations and

lectotypificationg 46: 225-229
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xanthorrhoea gracilis Endl. in J.G.C. Lehmann, Pl. Preiss. 2: 39

(1845).

T: Darling Range, Perth, W.A., 16 Jan. 1840, L. Preiss 1619; lecto

(here chosen): MEL 625759

The only extant syntypes of Preiss’s collections appear to be at MEL,
since Endlicher’s specimens of Xanthorrhoea at W were destroyed during
world War II and other herbaria holding Preiss collections, inclhuding
1D, have no Xanthorrhoea duplicates. MEL 625759 is the better

specimen of the two syntypes at MEL.

Xanthorrhoea concava (A. Lee) Bedford, stat. nov.

X, resinosa subsp. concava A. Lee, Contr. New South Wales Natl Herb.

4: 45 (1966). T: 1 mile [c. 1.6 km] W of Buxton, N.S.W., 5 Dec. 1960,

A.T. Lee NSW 61300; holo: NSW.

This taxon is distinct from X. resinosa Pers. in habit, in the much
longer and more flexible leaves, in leaf shape and dimensions, and in
inflorescence, bract and petal characters. Although partially

sympatric with X. resinosa it maintains its distinctness.
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Xanthorrhoea fulva (A. Lee) Bedford, stat. nov.

X. resinosa subsp. fulva A. Lee, Contr. New South Wales Natl Herb. 4:

45 (1966). T: Coffs Harbour, N.S5.W., 17 Oct. 1961, E.F. Constable NSW

61664; holo: NSW.

This taxon is distinct from X. resinosa Pers. in leaf shape and
dimensions, inflorescence dimensions and colour, bract shape and in
petal characters. It is allopatric with X. resinosa and occupies a

different habitat.

Xanthorrhoea brunonis Endl. in J.G.C. Lehmann, Pl. Preiss. 2: 39

(1845)

T: near Swan River, W.A., 20 Nov. 1839, L. Preiss 1621; lecto (here

chosen): MEL 625771.

The specimen of X. brunonis at MEL with the collecting label, in
Preiss’s hand, ‘1621 Xanthorrhoea...Acaulis...In arenosis ad. fl.
Cygnorum.. Sem. mum. 333... Novbr. 20.39. L. Preiss legit’ is the only
known extant material of this taxon collected by Preiss. As there may
be duplicate specimens deposited elsewhere the material at MEL is

chosen as lectotype to ensure nomenclatural stability.
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Xanthorrhoea brunonis subsp. semibarbata Bedford, subsp. nov.

2b X. brunonis Endl. subsp. bnmonis apicibus bractearum floralarum

stipantium fimbriatis differt.

T: Poad Road, S of Dardanup, W.A., 24 Nov, 1982, D.J. Bedford 8 & T.D.

Macfarlane; holo: NSW; iso: PERTH.
The name is derived from the ILatin semi (half) and barbatus (bearded),

in reference to the hairs fringing the bracts.

Xanthorrhoea brevistyla D. Herbert, J. Roy. Soc. W. Australia 7: 82

(1921).

T: Narrogin State Farm, W.A., 13 Nov. 1920, D.A. Herbert s.n.; lecto

(here chosen): PERTH; isolecto: MEL.

Two syntypes of X. brevistyla are in existence. The specimen at PERTH

is chosen as lectotype because it is the more canplete and conforms

better with the protologue.

Xanthorrhoea acaulis (A. Lee) Bedford, stat. nov.

X. australis subsp. acaulis A. Lee, Contr. New South Wales Natl Herb.

4: 53 (1966). T: 6.5 miles [10.5 km)] W of Dubbo on Minore Road, 9

Dec. 1961, E.F. Constable NSW 61344;: holo: NSW.

This species is clearly distinct fram X. australis R.Br. s. str. in
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trunk and leaf characters, in scape to spike ratio and dimensions, in
bract shape, hairiness and colour and in sepal shape. It also occurs
in a different habitat and geographic area and is sufficiently

distinct to warrant specific status.

Xanthorrhoea arenaria Bedford, sp. nov.

Ab X. minori R. Br. et X. bracteata R. Br. bracteis stipantibus

subulatis et bracteis fasciculorum subulatis prominenticribus et malto
longioribus, differt. Ab X. australi R.Br. caudice nullo et spica quam

scapo breviore vel aequanti, differt; et ab X. caespitosa Bedford

habitu minore, sepalorum rostro longiore, et foliis angustioribus,

differt.

T: c. 0.5 km NW of Coles Bay township, Tas., 26 Jan. 1984, D. Bedford

124; holo: NSW.

The name is derived from the ILatin arenarius (growing in sand) in

reference to the most coamon habitat of the species.

Xanthorrhoea minor R.Br.

T: Port Jackson, N.S.W., 1803, R. Brown Iter Australiense 5773; lecto

there chosen): BM (photo N/740).

There are three known specimens labelled X. minor by R. Brown, two at
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BM ard one at K. At BM, besides the lectotype, is a specimen with two
labels bearing conflicting locality details, both in Brown‘s hand.
One reads Port Dalrymple Jan. 1804, the cther Port Jackson (localities
in Tasmania and N.S.W. respectively). A typed label, added later,
reads ‘Paratype specimen of X. minor R.Br.’. This specimen is not X.

minor but appears to be X. bracteata R.Br. The specimen at K is

labelled 5 Xanthorrhoea minor Port Jackson, vicinity of Sydney’ in R.

Brown's writing and has fewer hairs on the bracts than does the

specimen at BM designated (above) as lectotype.

A.T. Lee, Contr. New South Wales Natl Herb. 4: 46 (1966), referred to

the lectotype specimen as a holotype, unaware of the other labelled
specimens. The choice of lectotype, above, therefore maintains
existing usage, although the specimen at K has since been incorrectly
labelled, in an unknown hand, as the cited specimen.

Xanthorrhoea minor subsp. lutea Bedford, subsp. nov.

Ab X. minori R.Br. subsp. minori bracteis stipantibus acutis hirsutis,

et petalis majoribus flavis, differt.

T: 3 miles (c. 5 kml SSW of Nowa Nowa, Vic., 29 Oct. 1964, E.F.

Constable 5341; holo: NSW.

Named from the Latin luteus (yellow), in reference to the petals.
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Xanthorrhoea caespitosa Bedford, sp. nov.

Ab X. minori R. Br. foliis latioribus glaucisque, inflorescentia
plerunque altiori et bracteis stipantibus lineari-triangularilus ad
subutatis, differt. Ab X. semiplana F. Muell. absentia caudicis et

foliis in T.S. obtrianqularilus ad concavis, differt.

T: Meningie, S.A., 13 Nov. 1957, J.B. Cleland s.n.; holo: AD

966081326.

Named from the Latin caespitosus (growing in tufts or clumps) to

describe the habit of this species.

This taxon probably corresponds with most of the reported populations

of X. minor in S.A. (J.B. (Cleland, S. Austral. Naturalist 40: 27,

1965) and with the purported hybrid swarm mentioned by A.T. Lee,

Contr. New South Wales Natl Herb. 4: 54 (1966).

Xanthorrhoea nana D. Herbert, J. Roy. Soc. W. Australia 7: 83 (1921).

T: about 2 miles [c. 3 km] NE of Bruce Rock, W.A., 25 Oct. 1920 D.A.

Herbert; lecto (here chosen): PERTH; isolecto: MEL.

The PERTH specimen is chosen as lectotype because it is the more
camplete. The specimen at MEL, which has Herbert’s handwritten label,
is the same taxon but is a poor specimen. Neither specimen has
leaves. A specimen collected at the type leocality by D.J. Bedford 76
& T.D. Macfarlane in 1982 (NSW, PERTH), consisting of leaves and
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infructescence, serves to confirm Herbert's leaf description.

Xanthorrhoea drummondii Harvey, Hooker’s J. Bot. Kew Gard. Misc. 7: 57

(1855).

T: near Perth and elsewhere, W.A., J.L. Drummond s.n.; n.v.; Wedin

siding, W.A., 28 Nov. 1982, D.J. Bedford 46 & T.D. Macfarlane; neo

(here chosen): NSW; isoneo: PERTH.

No sheet of the Drumond collection has been located. The specimen
selected as neotype conforms to the protologue; it is canplete and

well-documented.

Xanthorrhoea platyphylla Bedford, sp. nov.

Ab X. preissii Endl. foliis latioribus in T.S. obtrullatis ad

obtriangularibus, et absentia caudicis, differt. Ab X. brevistyla D.

Herbert foliis multo crassioribus et latioribus, spica quam scapo

longiori, et bracteis stipantibus minus hirsutis, differt.

T: 36.5 km W of Esperance on road to Ravensthorpe, W.A. 27 Nov. 1982,

D. Bedford 35 & T.D. Macfarlane; holo: NSW; iso: PERTH.

Named fram the Greek platys (wide) and phyllon (leaf), in reference to
the broad leaves which distinguish it from its nearest relatives.
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Xanthorrhoea preissii Endl. in J.G.C. ILelmann, Pl. Preiss. 2: 39

(1846).

T: York (vicinity of Tocdyay, perhaps the present-day Boyagerring Ck
which flows to Toodyay fram 10 km NE1, W.A., 22 Mar. 1840, L. Preiss

1620; lecto (here chosen): MEL 625774.

There are no Preiss collections of Xanthorrhoea at ID or W. The sheet
MEL 625774, which has Preiss’s collecting label, is the only specimen
found of the type collection of this species. Since it is unlikely to
be the holotype, as Preiss usually collected and distributed
duplicates, it is best to designate this specimen as lectotype to

ensure navenclatural stability.

Xanthorrhoea quadranqulata F. Muell., Fragn. 4: 111 (1864)

T: [near St Vincent Gulfl, S.A., 3 Feb. 1848, F. Mueller; lecto (here

chosen): MEL 625754; isolecto: K, MEL 625760.

Three known specimens represent material oollected by Mueller ard
cited in his protologue. Two are at MEL (MEL 625754, MEL 625760) and
one at K. One (MEL 625754) consists of part of the scape and spike
and 3 pieces of leaf; it is signed 'Dr. M’ and dated ‘Feb. 3 1848’ and
has a vague locality ('non procul a cataracta’). Other specimens
collected around this date by Mueller are labelled ‘Gawler, Torrens,
Holdfast Bay [now Glenelg]l and St Vincents Gulf’ which provides a
fairly accurate location for the cnllecf.im as being ‘not far fram St
Vincents Gulf’ in the temms Mueller used in his original description.
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The other sheet (MEL 625760} bears two pieces of spike and two pieces
of leaf. It is not signed or dated but is labelled in Mueller's
early hand ‘Xanthorrhoea quadranqulata F.M. Mount Lofty Range’. ‘The

sheet at K bears part of a spike and two pieces of leaf; it is not

dated but is signed and labelled ‘“Xanthorrhoea quadranqulata Ferd.

Mll. Lofty-ranges Dr M' in Mueller's hand. The sheet MEL 625754 is
chosen as lectotype primarily because it is the most camplete both in
the specimen ard in the date.

X¥anthorrhoea latifolia (A. Lee) Bedford stat. et. canb. nov,

X. media subsp. latifolia A. Lee Contr. New South Wales Natl Herb. 4:

48 (1966). T: Beerwah, Qld May 1962 E.F. Constable NSW 61667 holo:

NSW.

This taxon 1is distinct fraom X. media in its broader more transversely
rhambic leaves, longer inflorescence and longer trunk. It is
allopatric with X. media and often occupies wetter or more sheltered

habitats. It is sufficiently distinct to warrant specific status.

Xanthorrhoea latifolia subsp. maxima Bedford, subsp. nov.

Ab X. latifolia subsp. latifolia caudice altiori, foliis plerumgue

milto latioribus, spica quam scapo malto breviori, et bracteis

stipantibus acutis, differt.

T: Mt Warning, near Murwillumbah, N.S.W., 2 June 1962, E.F. Constable

NSW 61357; holo; NSW.
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Names fram the Latin maximis (very large), in reference to the width

of the leaves,

Xanthorrhoea malacophylla Badford, sp. nov.

Planta cum caudice altissimo et foliis spongiosis mollibus viridibus,

Ab X. australi R. Br. bracteis stipantibus acutis et sepalis

brevioribus sine proboscide, et ab illa et X. glauca Bedford foliis
mollibus  viridibus, scapo spicam fere aequanti, et bracteis

fasciculorum minus prominentibus, differt.

T: Camp Ridge Trig., Queens Iake State Forest, 5 miles (8 km] NNE of

Kew, N.S.W., 15 May 1964, E.F. Constable 4792; holo: NSW.

Names fram the Greek malacos (soft to the touch) and phyllon (leaf),

in reference to the spongy soft leaves.

Xanthorrhoea glauca Bedford, sp. nov.

Ab X. australi R.Br. bracteis fasciculorum et bracteis stipantibus

subglabris, his < lamina gracili, capitulo lato fusco et apice

triangulari vel acuto, differt. Ab X. johnsonii A. Lee bracteis
fasciculorum longioribus et milto praminentiorilbus, foliis glaucis, et

spicis grossis quam scapis multo longioribus, differt.

T: edge of Levers Plateau, Qld, 4 July 1977, D._ Bedford 7776; holo:

NSW.
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Names fram the Latin glaucus (covered with a fine bloom), in reference

to the distinctly glaucous fresh leaves.

Xanthorrhoea glauca subsp. anqustifolia Bedford, subsp. nov.

Ab X. glauca Bedford subsp. glauca foliis angustioribus quad-
rato-rhombeis cineraceis, et scapis spicisque parum gracilioribus,

differt.

T: 5miles [8 km] NW of Coonabarabran on Bugaldie Road, N.S.W., 13

Dec. 1961, E.F. Constable NSW 61353; holo: NSW.

Named fram the Latin anqustus (narrow) and folium (leaf), in reference

to the nén:wleaves.

Xanthorrhoea semiplana F. Muell., Fragm. 4: 111 (1864).

T: near Gawler town, S.A., F. Muell., lecto (here chosen): MEL 625756.

Three specimens at MEL. (MEL 625755, 625756, 625757), collected by
Meeller from localities cited in his protologue, represent the only
known syntypes. One (625755) has an early draft of Mueller’s
description but consists of leaf pieces only; another (625757) is
dated (Nov [18]51) and consists of slivers of spike only; the third
(625756) is the most camplete specimen as it oonsists of pieces of
spike, scape ard leaf. Although this last specimen is not dated, its
474



label in Mueller’s hand ‘Xanthorrhoea semiplana mihi’, is clearly

proof that Mueller regarded it as belonging to  this taxon.
Additionally, as the locality is the same as MEL 625757 it is most

likely that it was collected at the same time as that specimen.

Xanthorrhoea semiplana subsp. tateana (F. Muell.) Bedford, stat. et

oab. nov.

X. tateana F. Muell., 2. Allg. Osterr. Apotheker-Vereines 23(19):

293-295 (1885). T: Kangarco Island, S.A., 1883, Sawerville & Wilks;

lecto (here chosen): MEL 625766,

The status of X. tateana has long been in doubt. J.M. Black, Fl, S.
Australia (1943), noted that ‘on the mainland this species tends to
run into X. semiplana, to which it is closely related’. J.B. Cleland,
S. Austral. Naturalist 39: 61 (1965), treated X. tateana as a form of

X. semiplana. A study of specimens and of plants in the field,

indicates that the only differences between the two species are
inflorescence dimensions and geographical distribution, with
considerable overlap in both. It is thus more appropriate that X,

tateana be regarded as a subspecies of X. samiplana.

Moeller’s protologue left sane doubt as to the source of his material
ard information. Mueller mentions information from Tate, but no
suitable specimen collected by Tate has so far been located. However,
as he mentions Sarerville & Wilks as providing resin material of the
taxon, and the only known specimen collected before 1885 was that of
Samerville & Wilks, it seems certain that this collection was used by
Mueller for his description and it is therefore chosen as lectotype.
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BEDFORD, D.J., (1985). Xanthorrhoea acanthostachya (Xanthorrhoeaceae),

a new species of the Perth Region, Western Australia. Nuytsia 5: 317-

321.

This reprint is enclosed in the pocket attached to the back cover of

this thesis.
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Nuytsia 5(2): 317-321 (1984) 317

Xanthorrhoea acanthostachya (Xanthorrhoeaceae), a new species of the
Perth Region, Western Australia

D. J. Bedford

National Herbarium of N.S.W., Royal Botanic Gardens, Mrs Macquarie’s Road, Sydney, N.S.W. 2000

Abstract

Bedford D. ). Xanthorrhoea acanthostachya (Xanthorrhoeaceag), a new species of the Perth Region, Western
Australia. Nuytsia 5(2): 317-321 (1984). Xanthorrhoea acanthostachya is described and illustrated. Itis distinguished
from other Xanthorrhoea species in Western Australia by the combination of very elongated, prominent clusterbracts
and subulate floral bracts and from X. australis, its nearest relative, by its scape length to spike length ratio
and leaf colour. Very few examples of the species are known.

Xanthorrhoea acanthostachya Bedford, sp. nov. (Figures 1-3)

X. australi similis, sed scapo plus minusve spicam aequanti et foliis viridibus vel minus
glaucis differt. A speciebus Australiac Occidentalis bracteis fasciculorum conspicuis
elongatissimus ad maturitatem et bracteis floralibus subulatis distinquenda.

Typus: Chatfield Rd, South Western Highway, Western Australia, 24 Nov. 1982, D. J. Bedford
4 and T D. Macfarlane (holo: NSW; iso:PERTH).

Trunk short to 1.5 m tall, crowns 1 to 2. Leaves (terminal) in more or less hemispherical
crowns, 60-70 cm long, quadrate-rhombic in transverse section, 2-2.25 mm wide and 1.5-
2 mm thick, green to slightly glaucous. Leaf-base swollen and rigid at the junction with
the leaf. Scape 40-50 cm long, 7-16 mm diam. Spike usually more or less equal in length
to scape, (20)40-50(90) cm long and 20-40 mm diam.,, prickly in appearance. Cluster-bracts
very elongated, subulate in shape, dilated at the base, usually very prominent (occasionally
slightly prominent), glabrous, rarely subglabrous. Packing-bracts (floral bracts) subulate in
shape, often twisted or folded, subglabrous to glabrous (except for occasional large bracts,
which have a line of hairs along the centre of the back and hairs at the margins below
the tip). Sepals short, acute, with short beak at the tip, glabrous except for a tuft of hairs
in the beak. Petals more or less erect at anthesis, sometimes beaked, with an adaxial proboscis,
soft and membranous, glabrous except for short hairs in and around the tip, and hairs
covering the proboscis. Fruit acute at the tip with a persistent long style-base-point, dark
brown at maturity. Seeds dorsi-ventrally flattened, narrow ovate to ovate (Systematics
Association (1962) figures 37-38), triangular in median transverse section, semi-matt black,
11-12 mm long by 4.5-5.5 mm wide, when fully mature. (Terminology as per Lee (1966a
and b} and Systematics Association {1962)).

Other specimens examined. WESTERN AUSTRALIA: Harvey Dam Reserve, 13 Nov. 1981,
T.D. Macfarlane 659 (PERTH); Keysbrook, Nov. 1900, W}, Fitzgerald NSW 154569 (NSW);
5 miles E of Mogumber, 25 Aug. 1970, K. M. Allan s.n. (spirit collection only) (PERTH).

Distribution. At present X. acanthostachya is known only from four sites in the Perth
Region of W.A. as defined by Marchant and Perry (1981).
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Figure |. Xanthorrhoea acanthostachya, holotype specimen in herb. NSW.
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Figure 2. Xanthorrhoea acanthostachya, close-up view of immature spike, showing very prominent cluster-bracts.
K. M. Allan s.n., 5 miles E of Mogumber, W. Austral., 25 Aug. 1970.

Ecology. The species occurs on the coastal plain in grey sand overlain by lateritic gravel,
often with Dasypogon bromeliifolius and Kingia australis, and on steep slopes in stony
lateritic soil in Jarrah ( Eucalyprus marginata) woodland.
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Figure 3. Xanthorrhoea acanthostachva, mature flowering spike showing exceptionally long prominent cluster-
bracts. 7' D. Mactarlane 659, sheet |
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Flowering period. Young flowering spikes have been collected in August and flowering and
recently fruiting spikes have been collected in November.

Affinities. There are no obvious allies of Xanthorrhoea acanthostachya in Western Australia,
although its leaves are at least superficially similar to those of X. preissii. X. australis of
eastern Australia has similarly shaped bracts and leaf cross-sectional shape, and is therefore
probably the most closely allied species. X. semiplana of South Australia has similarly shaped
floral bracts to X. acanthostachya but is a much more massive plant with large broad
transverse-rhombic median transverse section leaves.

Xanthorrhoea acanthostachya differs from X. australis in (a) scape length to spike length
ratio; X. acanthostachya has scape length more or less equal to spike length, X. australis
always has a much shorter scape than spike (less than ' the length), (b) leaf colour; X.
acanthostachya has green to slightly glaucous leaves, X. gustralis has very glaucous leaves,
(c) sepals; X. acanthostachya has short, acute sepals, with a short beak at the tip, without
a proboscis in the beak, X. australis has subulate shaped sepals with a long narrow beak
at the tip, often with a proboscis in the beak, (d} petals; X. acanthostachya petals sometimes
have a beak, X. australis petals never have a beak.

Etymology. The specific epithet is from the Greek akantha, meaning a thorn or prickle,
and stakhys, an ear of grain or a spike, in reference to the distinctly thorny or prickly
appearance of the spike due to the prominent cluster-bracts.
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