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Abstract 

Ontogenetic and morphological variation in 40 populations of the closely related 
species, Eucalyptus risdonii Hook.f. (Risdon Peppermint) and E. tenuiramis Miq. 
(Silver Peppermint), was assessed in a multivariate study of heteroblastic leaf (adult 

and juvenile) and fruit characters. Present taxonomic treatment of the two taxa is based 
on ontogenetic differences but this study reveals that the variation in the retention of the 

juvenile leaf habit is continuous. The morphological data suggests that at least four 
, phenetic groups exist in the E. risdoniiltenuiramis complex and that, when ontogenetic 

variation is removed, the morphological variation between some E. risdonii and some 
E. tenuiramis populations is continuous and much smaller than the morphological 
differences within E. tenuiramis. An extensive progeny trial, undertaken to remove 
the confounding effects of environmental and ontogenetic variation, revealed that the 

genetically-based variation between geographically contiguous populations of E. 
risdonii and E. tenuiramis is relatively small and appears to be continuous. Reliable 
classification into either taxon, on the basis of seedling phenotype, is not possible for 
this group of populations. The major dichotomy between phenetic clusters derived 

from the seedling morphology is not between forms that can be assigned to E. risdonii 
and E. tenuiramis, but between geographically isolated forms of E. tenuiramis. This 

disjunction in phenetic distance between the Central East Coast populations and the 

remaining E. risdoniiltenuiramis populations parallels the geographic disjunction 
between the two that has existed since at least the last glaciation. The combination of 

clinal variation between contiguous E. risdonii and E. tenuiramis populations and the 
divergence of the isolated East Coast phenotype suggests that both ecological 

separation and reproductive isolation may be necessary for speciation to occur in the 
eucalypts, especially in a climatically unstable environment such as Tasmania. 

Phenotypic variation in ontogeny between forms classified as E. risdonii and E. 
tenuiramis has been shown to be genetically based. When grown in a common 

garden environment to 10 years of age, all progeny from the E. tenuiramis type 
mothers had attained the petiolate leaf condition, whereas most progeny from the E. 
risdonii type mothers still retained the connate, juvenile leaf type. Progeny from 
intermediate mothers displayed a large variation in the height of phase change but could 
be regarded as intermediate. This suggests that there is a cline in the retention of the 

juvenile leaf form (neoteny) in the E. risdoniiltenuiramis complex. The time to 

reproductive maturity and subsequent reproductive loads have also been shown to 
differ markedly between the two forms. The E. risdonii progeny became reproductive 

much earlier than the E. tenuiramis progeny, and bore a heavier reproductive load. 
This precocious attainment of reproductive maturity can be regarded as progenesis. 
Both changes in developmental timing (heterochrony),may lead to paedomorphy but in 

response to different selective forces. Neoteny is probably a response to drought, 
whereas progenesis appears to be a response to frequent disturbance. 



Abstract 

Studies of the anatomy and photosynthetic response of the juvenile and adult leaf 
phases of one of the E. tenuiramis phenotypes indicates that heteroblasty in the 
complex is not a response to regeneration under mesic, low-light conditions as it 

appears to be in wet sclerophyll species. In spite of a leaf arrangement that favours 
maximum light interception, the juvenile leaf phase appears to be adapted for 

droughted, high light intensity conditions. These xeromorphic adaptations reach their 
greatest expression in the Government Hills E. risdonii phenotype, which supports 
the contention that retention of the juvenile leaf morphology conveys significant 

selective advantages in these water limited habitats. 

The effect of photoperiod and temperature on the transition from the juvenile to the 

adult leaf phase was examined in E. tenuiramis. The results from the first trial 
suggest that photoperiod does not affect phase change since no differences were 

observed between treatments in chronological time, nor number of nodes, taken to 
reach phase change. A second trial, conducted under higher temperature and light 

intensity conditions, emphasized the reliability of physiological time (as measured by 
node number), rather than height or chronological time, as an index of ontogenetic 

development in E. tenuiramis. 

v 

The nature of this rigid physiological control of phase change was examined at the 

individual plant level, revealing interesting differences between the positional control 
of phase change in lateral branches and epicorrnic shoots. A model is proposed that 

describes how many nodes an epicormic shoot will require to attain phase change from 

any given position in the plant Two theories are proposed to account for the 
behaviour of the epicorrnic shoots, one involves a gradient in juvenility within the 

plant, whereas the other suggests that accessory buds 'remember' their position but are 
altered by the length of their suppression. Further experiments are described that 

attempt to resolve this question. The results indicate that the control of phase change is 

inherent in the apex and that it is relatively independent of gross changes to its 

hormonal and nutritive environment, although it can be affected by the length of its 

suppressIOn. 

This study of the variation in the E. risdoniiltenuiramis complex has illustrated that 
heterochrony is a powerful means of altering morphology with only minor changes to 

the genome. These large differences in the adult phenotype have led to the 

classification of the two forms into distinct species, yet this does not appear to be an 

accurate reflection of the genetic distance (nor, consequently, the taxonomic distance) 
between the forms. In this example, speciation by paedomorphy has not been 

completed. However, many species of eucalypt appear to have arisen by this means 

and these species are often found in extreme environments. Examination of these taxa 
indicates that paedomorphy has operated at all phylogenetic levels: operating at present, 
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within species in a dinal fashion; operating in the recent past, to produce sister species; 

and at earlier points in the evolutionary time scale, which has produced groups of 

paedoP1orphic species. In addition to paedomorphy, other heterochronic processes 
(peramorphy) are obviously operating throughout the genus, and this evolutionary 

shifting of the timing of developmental events has a wider significance in eucalypt 

evolution. Because of this repeated occurrence and operation at all phylogenetic levels, 
the role of heterochrony in the genus Eucalyptus deserves greater recognition and 
comprehension. 



1 Helerochrony and heleroblasty - an introduclion 

1.1 Heterochrony 

CHAPTER! 

Heterochrony and heteroblasty 
- an introduction 

1 

As a means of evolution, heterochrony has a special appeal, particularly for those who 

have difficulty in comprehending the time scales necessary for evolution to proceed by 

point mutation, for heterochrony is a means of rapid evolutionary change with a 
minimum of genetic restructuring (McNamara 1988). Goldschmidt (1940) was one of 

the first to recognize that dramatic changes to the phenotype could be brought about by 

relatively small changes to the genotype, if those genes control the rates and timing of 

organ and tissue growth. Such changes in the timing of developmental events during 

ontogeny, between ancestor and descendent, are described as heterochrony (Gould 

1977; Alberch et al. 1979). 

These shifts in developmental timing can be in either direction. Descende'nt species 

whose juveniles resemble the ancestral adults are described as having arisen by 

'peramorphosis'. If the evolutionary shift is in the reverse direction and the ancestral 

juvenile traits are retained in the adults of descendant species, or population, the 

change is termed 'paedomorphosis'. The latter can occur by one of three processes, 

each resulting in a similar, juvenilized morphology (McNamara 1986), but usually 

arising in response to very different types of selective forces (Gould 1977). The first, 

'neoteny', is perhaps the most commonly observed paedomorphic process, arising by 

the retardation of the rate of somatic development relative to reproductive development 
That is, the time to reproduction does not change but the juvenile characteristic(s) are 

retained in the descendent species until later in the descendant's ontogeny. Neoteny 

results from selection favouring morphological traits (such as increased size or the 

retention of some juvenile characteristic) which might be expected to occur in stable, 

crowded environments, i.e. they are K-strategists. This is in direct contrast to the 

second paedomorphic process, 'progenesis' in which the reproductive development of 

the descend,ant is accelerated, resulting in precocious sexual maturation. Pro genesis "-

results from selection for rapid maturation in ephemeral habitats or following 
colonization of islands, i.e. they are r-strategists. The third process, post-

displacement, occurs when the onset of the development of a trait is delayed, resulting 

in incomplete trait development (Alberch et al. 1979). 

Recently, Tissot (1988) has catalogued studies that have implicated neoteny and 

progenesis in phylogenetic diversification in various zoological taxa: bivalves (Y onge 
1962; Stanley 1972), salamanders (Wake 1966; Alberch and Alberch 1981), echinoids 
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(McKinney 1984, 1986), and gastropods (Gould 1966; MacLean 1984; Tissot 1984). 
Indeed, McNamara (1989) notes that these studies suggest that heterochrony has 
pbycd a role in all major invertebrate groups. Certainly, it would appear that any 
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study of geographical variation in the gastropods would be incomplete without 
ref.;rence to phylogenetic variation in ontogeny (e.g. Tissot 1988). However, there is 
no reJson to suspect that there is any greater predisposition of taxa within the molluscs 
or :unphibians to undergo phylogenetic diversification by heterochrony. Rather, this 
recognition of pJedomorphic processes has occurred in the former because their shells 
are a durable record of their ontogeny, and in the latter because of the marked transition 
in form from the juvenile to the adult and, therefore, these taxa lend themselves to 
measurement of variation in the duration and direction of growth phases. 

By contrast, the importance of the concept of heterochrony in the evolution of plants 
has been largely ignored. One area in which heterochrony has been cited as a process 
in the plant evolution is in the study of xylem (e.g. Carlquist 1962, 1975; Cumbie 
1963, 1967a,b; and Gibson 1973) perhaps, as in the molluscs, because of the 
durability of the record of ontogeny (Guerrant 1988). A notable exception to this 
geneml neglect of heterochrony is Takhtajan (1943, 1954,1972,1976) who repeatedly 
cited many possible examples of the evolutionary origins of plants from a wide range 
of taxa and at all taxonomic levels. However, since the resurrection and popularization 
of the concepts by Gould (1977), the importance of heterochrony, and 
paedomorphosis in particular, has been increasingly recognized in plants (in the 
Larkspur, Delphinium spp., Guerrant 1982; in cryptogams such as Tartu/a spp., 
Mishler 1986; in the herb, Crepis tectarum, Andersson 1989; and in woody species of 
the Cyanea sa/a/lacea complex, Lammers 1990) but it still has yet to reach the 
dominance found in the study of evolution in the areas of zoology mentioned above. 

Lammers (1990) suggests that perhaps one reason for the relative rarity of clear 
botanical examples of paedomorphosis is that plants seldom produce distinct juvenile 
and adult stages. The concept of adulthood in animals has two aspects, the onset of 
sexual reproduction and cessation of somatic growth, with both aspects tightly linked. 
But in woody plants, although the onset of reproduction is usually associated with the 
attainment of some minimum size, somatic growth continues long afterward. 
Furthermore, the ephemeral nature of plant reproductive structures, compared to those 
of animals, vitiates the strict demarcation of juvenile and adult in plants (Lammers 
1990). However, there are plants that do have markedly different juvenile and adult 
phases of growth and relatively sharp changes between the two. These plan ts are 
described as displaying heteroblastic development, and it is in these plants that we 
should look for the most obvious examples of heterochrony. 
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1.2 Heteroblasty 

The life histories, or ontogenies, of woody plants involve a succession of 

morphological and physiological changes as plants develop from an embryo through 

juvenile stages to reproductive maturity. Plants with marked differences between the 
juvenile and adult morphology are referred to as displaying heteroblastic development 

(Goebel 1889). The changes in the morphology of the leaves are undoubtedly the 

most conspicuous feature of heteroblastic development in the vascular plants (Allsopp 
1965) but other characteristics 
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leaf cuticular characteristics; bark characteristics; leaf phyllotaxis, thorniness, and 

shoot orientation; branch number and branching pattern; tracheid width and length; 

shoot growth vigour; seasonal leaf retention and stem pigmentation; and cold resistance 

(Hackett 1985). 

The classical example of heteroblastic development is English ivy (Hedera helix) in 

which the juvenile leaves of the creeping stems are palmately lobed, while those of the 
flowering branches are entire and ovate. In this species, definition of "juvenility" and 
"maturity" are simple, for the transition in morphological features is coincident with, or 
a precursor to, the transition to the reproductive state. In many woody plants, 

however, heteroblastic characters change at differing stages in ontogenetic 

development (Doorenbos 1965), and none have been demonstrated to be causally 

related to sexual maturity (Hackett 1985). Furthermore, these characters differ widely 

between species. The one clearly delineated change common to all woody plants is the 

transition to flowering. Because of this ubiquity, the juvenile phase has frequently 
been defined as, "the phase in the ontogeny of a seedling during which it cannot be 

induced to form flowers by any means" (Stokes and Verkerk 1951). With increasing 

success in the induction of flowering by exogenous application of GAs, however, this 

definition has been modified to include, " ... or will not continue to flower in its natural 

environment without the application of any artificial stimulation that may have 

originally induced flowering" (Zimmerman et al. 1985). 

Although this transition from the vegetative to the reproductively mature phase is 
generally referred to as phase change (Wareing and Phillips 1981; Hackett 1985; 

Zimmerman et al. 1985; Metzger 1987), the term has also been applied to the 

transition from the juvenile to the adult phase in heteroblastic plants (e.g. 

Schaffalitzky de Muckadell1954; Brink 1962; Allsopp 1967; Dobbins et al. 1983), 

with Brink (1962) defining phase change as, " ... the more or less abrupt switch in 

potential fr~m a juvenile to an adult type of growth. This is certainly the more 
common usage of the term when discussing the genus Eucalyptus. Although a reform 
of the nomenclature has been proposed by Boomsma (1972) and Carr and Carr 

(1985), the terms are used so universally (Pryor and Johnson 1971; Pryor 1976; 

Brooker and Kleinig 1983; Boland et al. 1984; Chippendale 1988; etc.) that change is 
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improbable. In this study, too, the tenns 'juvenile', 'adult', and 'phase change' refer 
to heteroblastic changes rather than the definition based on the capacity for floral 

initiation. 

4 

The large morphological differences evident in heteroblastic plants are presumably 
associated with large differences in selective pressures for, as Hardy (1954) suggests, 

selection acts as strongly on the developmental stage as on the adult; the greater the 
contrast in habitat, the greater the contrast in fonn. Of course, the only situation in 

which adaptation to recurrent change in the environment of shorter duration than one 
generation can be achieved by direct genetic changes is if the change is not random but 

occurs regularly at a particular phase in the life cycle (Bradshaw 1965). Goebel (1898) 
suggested that the different conditions of growth were associated with water 

availability and that, even in a dry climate, the seedling will commence growth at a time 
of relative abundance of water and it will be sheltered by surrounding vegetation. 

However, the wide variety of characteristics associated with the juvenile phase are 

clearly responses to a wide variety of selective pressures, among which Kester (1976) 

included: 
a). in a crowded forest environment, it is a distinct advantage, if not a necessity, for a 

tree to have initially strong, upright, vigorous growth without flowering in order to 

com,Pete with its neighbours for light, 
b). it is a distinct advantage to be able to regenerate or re-sprout from near the base of 

the plant to pennit survival after fire or damage from browsing animals, 
c). it would be a distinct advantage for a plant to have thorns (apple, pear, citrus), 

scale-like Gunipers, etc.) or spiny (holly) leaves to ward off browsing animals in the 
forest, and 
d). it would be a distinct advantage for a plant in the midst of a dense forest to be a 

vine, grow along the ground until it reaches a stake or tree, grow upward, twine 

around the support until it reaches the top where it reaches sun and air (Hedera helix). 

1.3 Heterochrony and heteroblasty in the eucalypts 

Past studies of the morphological and physiological differences between the juvenile 
and adult leaf phases in wet sclerophyll eucalypts (Johnson 1926; Cameron 1970a,b; 
Ashton and Turner 1979) have also shown adaptations to different ecological 

conditions. The juvenile phase with its opposite, decussate, sessile, dorsiventralleaf 
arrangement clearly represents a shade-bearing phase in the mesic, light limited 

environment of the regenerating seedling in a wet sclerophyll forest, whereas the adult 
leaf phase, with its petiolate, pendulous, alternate leaf arrangement and isobilateralleaf 

anatomy is adapted to the more xeric, high light intensity environment in the crown of 

mature trees. 

The regeneration environments of heteroblastic eucalypt species are clearly not all 

light-limited, however.
l1
Species with markedly different juvenile and adult leaf phases 
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are found throughout the genus (Pryor 1976), and juvenile phases bearing opposite, 

decussate, sessile, dorsiventralleaves are found in a variety of habitats. Oearly, the 
juvenile leaf type of these species conveys some other type of advantage. Examples of 
species that do not regenerate under light-limited conditions include high-altitude 

species, such as E. gunnii, E. coccifera, E. urnigera, and E. pauciflora. In these 
species, the juvenile leaf phase does not appear to serve as the shade-bearing phase. It 
is far more likely to convey advantages in cold resistance. If this is the case, then it 
might be expected that in extreme environments these juvenile characteristics might be 
retained longer. This retention of the juvenile leaf phase has been reported for high 
altitude provenances of E. nitens (pederick 1979) and E. gunnii (potts 1985b). 
However, apart from these rare examples of intraspecific variation, evolutionary 
divergence by neoteny, or other heterochronic processes, has been virtually ignored in 
the genus, to my knowledge being articulated only by Barber (1965), Davidson et al. 
(1981), and Ladiges et al. (1983), all three discussing the possible evolution of E. 
risdonii from E. tenuiramis by neoteny. 

These taxa, E. risdonii and E. tenuiramis, are very closely related, sharing a 
distinctively glaucous and connatejuvenile1eaf morphology, with the most frequently 

cited discriminating character being the length of the persistence of that juvenile leaf 
phase (Curtis and Morris, 1975; Kelly 1983; Brooker and Kleinig 1983; Boland et al. 
1984; Chippendale 1988; etc.). E. risdonii retains the connate 'juvenile'leafphase 

into reproductive maturity, rarely developing the petiolate 'adult' leaf in natural stands, 
whereas E. tenuiramis makes the transition to the adult leaf phase before becoming 
reproductively mature. Therefore, E. risdonii resembles a precociously flowering 
juvenile E. tenuiramis. 

Clearly, there has been an alteration in the timing of developmental events between the 

two taxa (heterochrony) at some stage of their phylogeny, but the direction and 

underlying causes of such changes have been the subject of differing hypotheses over 
the past century. E. risdonii was described in 1847 by Hooker, before the form 

presently recognized as E. tenuiramis was described as a variety of E. risdonii (var. 
elata) (Bentham 1866). This subordinate taxonomic status, with its implicit 

suggestion that E. risdonii was the ancestral fonn, was maintained for 68 years until 
E. tasmanica [now E. tenuiramisl was elevated to specific status (Blakely 1934). 

Following this, Brett (1937) attributed the divergence between the two taxa to 

introgressive hybridization with other peppermint species. It was not until 1965 that 

Barber proposed the more likely origin of E. risdonii from E. tenuiramis, or a shared 
progenitor, by the neotenic retention ofthejuvenile1eaf morphology. Although this 

view appears to be the currently accepted one, the underlying causes have not been 
resolved. Davidson et al. (1981) suggest that this neoteny has arisen in response to 
limitations in soil water availability, whereas Ladiges et al. (1983) suggested that there 

is no obvious climatic or ecological barrier between the two species [E. risdonii and 
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E. tenuiramis] ... [and that] __ . speciation may thus have been largely a random event 
([arising by the] founder effect). 
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The nature of the phylogenetic relationship between the two taxa has remained 

speculative because no comprehensive examination of the variation within and between 
the two taxa has been undertaken. Past studies and taxonomic descriptions (see above) 

have sampled only one or two populations of each phenotype and, probably, few 

individuals in each population. Yet, as Cracraft (1989) stresses, the study of 
geographical variation is central to understanding the patterns and processes of 

speciation, in order to elucidate the causal agents responsible for spatial patterns of 

phenotypic or genotypic variation, and to identify those microevolutionary processes 

by which new species arise. 

In this study, I use multivariate statistical techniques to examine the pattern of variation 

among populations of E. risdonii and E. tenuiramis in the adult and juvenile 

phenotype evident in the field, and in an estimate of the genetic variation evident in an 

extensive progeny trial. A phenetic approach was used to avoid making assumptions 
about the phylogenetic relationship between the two taxa, specifically which characters 

were derived and which represented the ancestral morphology, and to avoid an a 
priori classification of populations into one or other taxa, which might lead to a 
circularity in approach. The variation in ontogeny was also estimated in the natural 

populations and the genetically-based component of the variation in the height of phase 
change and the onset of flowering was examined in 10 year old plants growing in an 

experimental garden. 

The retention of the juvenile phase clearly suggests that the juvenile leaf morphology 
conveys some selective advantage in the E. risdonii habitat. The juvenile phase in wet 

sclerophyll eucalypt species appears to be the shade-bearing phase (Cameron 1970a; 
Ashton and Turner 1979) with physiological and anatomical adaptations to mesic, low

light conditions. The environment in which the dry sclerophyll species, E. risdonii 
and E. tenuiramis, regenerate is markedly different, and yet the gross morphology of 

the juvenile leaf types are similar, with their opposite, decussate, dorsiventralleaf 
arrangement. The anatomy and physiology of the juvenile and adult leaf phases of E. 
tenuiramis and the juvenile leaf phase of E. risdonii are examined to determine the 

nature of the selective advantage conveyed by the juvenile leaf phase in E. tenuiramis 
and whether this is the selective advantage underlying the neotenic retention of the 

juvenile leaf form by E. risdonii. 

In many plants, the phase change from the vegetative to the reproductive state is 

mediated by environmental cues such as photoperiod or temperature. It has been 
suggested that this also occurs in eucalypts (Bolotin 1975) and, furthermore, that 

phase change from the juvenile leaf to the adult leaf form is affected by photoperiod 
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(Scurfield 1961), This study addresses the role that these external factors play in the 
control of phase change in E. tenuiramis, but also examines the nature of the internal 

control of phase change, observed from experiments with epicormic shoots and a 

variety of grafting techniques. 
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Plants that display heteroblastic development are obvious exceptions to the general 
limitation in the identification of heterochrony in woody plants. Global or even partial 
displacement of their distinctive developmental stages becomes evident This is 

especially so in the genus Eucalyptus, a group that is characterized by its heteroblastic 
development, and has demonstrated its evolutionary plasticity in filling a wide range of 
habitats throughout the Australian continent This tax01\is, perhaps, the most obvious 

group in which to examine the role of heterochrony but, surprisingly, it has been 

largely ignored. This study of the variation in the E. risdoniiltenuiramis complex 
illustrates a single example of heterochrony, which does not redress this omission, but 

hopes to stimulate recognition of the fundamental and wide-reaching role that 

heterochronic processes have played in the evolutionary divergence of Eucalyptus and 
the identification of the underlying ecological factors. 
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Abstract 

CHAPTER 2 

Variation in the adult phenotype of 
Eucalyptus risdonii Hook.f. and E. tenuiramis Miq. 

8 

Ontogenetic and morphological variation in 40 populations of the closely related 

species, E. risdonii and E. tenuiramis, w~lJI..assessed in a multivariate study of 
heteroblastic leaf (adult and juvenile) and fruit characters. Present taxonomic treatment 

of the two taxa is based on ontogenetic differences, but this study reveals that the 
variation in tL.e retention of the juvenile leaf habit is continuous. The morphological 

data sugges~ that at least four phenetic groups exist in the E. risdoniltenuiramis 
complex and that, when ontogenetic variation is removed, the morphological variation 

between some E. risdonii and some E. tenuiramis populations is continuous and 
much smaller than the morphological differences within E. tenuiramis. This suggests 

that E. risdonii is the product of relatively recent changes in developmental timing 
(heterochrony) from E. tenuiramis, but that speciation has not yet occurred, calling 

their distinct taxonomic status into question. 

Introduction 

The two species, Eucalyptus tenuiramis Hook.f. and E. risdonii Miq., are closely 
related. Pryor and Johnston (1971) combined the two into the informal taxonomic 
level of superspecies (Risdonii) and all recent taxonomic or descriptive works that 

mention both species (e.g. Curtis and Morris 1975; Marginson and Ladiges 1982; 
Ladiges et al. 1983; Kelly 1983; Brooker and Kleinig 1983; Boland 1984; Potts and 

Reid 1985c; Chippendale 1988; etc.) comment on their phylogenetic proximity, 

usually citing the similarity of their connate, glaucous juvenile leaf morphology. The 
two are also similar in a large number of other characteristics, sharing a similar grey to 

cream decorticating bark, glaucous bloom over reddish twigs and small branches, 

cupular-obconical fruit shape, bud number and shape, epicuticular wax type (Hallam 
and Chambers 1970), leaf oil chemistry (Haifeng Li, pers. comm.) and other 

chemotaxonomic characters (Sharma 1974). However, the two taxa do differ in their 

adult phenotype, with E. risdonii retaining the connate juvenile leaf form into 

reproductive maturity (ie. it is homoblastic), only rarely developing the typical 

petiolate adult leaf, whereas E. tenuiramis becomes reproductive only after phase 
change to the petiolate leaf (the more typical heteroblastic development of the 

eucalypts). 

In view of this apparently close morphological similarity between the two taxa, and the 
resemblance of reproductively mature E. risdonii to the juvenile form of E. 
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tenuiramis, it has been suggested that E. risdonii arose as a neotenous form of E. 
tenuiramis (Barber 1965; Davidson et al. 1981; Ladiges et al. 1983). It is the aim of 

this study to examine the extent and pattern of phenotypic variation between 
populations of E. risdonii and E. tenuiramis representative of the range of both 
species in order to elucidate the phylogenetic relationship between the two taxa. 

Materials and methods 

Collections and sites 

• 

Two slightly different strategies were adopted to sample the variation in the two 
groups, E. risdonii and E. tenuiramis. Because of the former species' restricted 
distribution, an attempt was made to locate all stands of E. risdonii and to describe the 
physical extent of the species. A hierarchical sampling strategy was then devised to 

maximize the amount of variation sampled The E. risdonii populations were divided 
into 4 regions: Howrah, Meehan Ranges, Government Hills, and Risdon Vale, and 
four of the largest stands from each of these regions were sampled to represent the full 
geographical range. An additional population, Downhams Hill (DH), was later added to 

give a total of 17 E. risdonii populations. 

The range of E. tenuiramis is more widespread and so it was not possible to determine 
the extent of the species in the same way and, therefore, samples were collected from 

23 sites thought to represent the full geographical range, including those populations 

adjacent to E. risdonii. For the purposes of this sampling, E. risdonii was '" 
defmed after Curtis and Morris (1975); the crucial discriminant being that . E. < 

risdonii attains reproductive maturity in the juvenile condition, whereas E. tenuiramis 
undergoes phase change to its adult foliage before ·f.IGI~v& __ ~t\j' 

Seed for the progeny trial and extensive data on morphology, floristic composition and 
environmental characteristics were collected and collated from each stand. The 
distribution of E. risdonii and E. tenuiramis is shown in Figure 2.1 (a) and (b), and 

the locations of the sampled populations are indicated; further site and sample details 

are given in Table 2.1. 

Phase change and reproductive maturity 

The characteristics most frequently used to discriminate between the two species are 
associated with the timing of phase change and the onset of reproductive maturity. 
Such ontogenetic variation between populations was estimated from three interrelated 
characteristics: proportion of adult foliage in the crown; phase in which the tree 
commences reproduction; and the height at which phase change occurs. The 
proportion of adult foliage in the crown of an E. risdonii or E. tenuiramis tree was 

• 
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estimated from 10 randomly-selected, mature individuals from the vicinity of each 

quadrat, avoiding adjacent individuals. These trees were also scored for the proportion 

of flower buds or capsules occurring in the juvenile phase (0 = none, tree only fruiting 

in the adult phase; 1 = few, i.e. reproductive in the juvenile foliage at the tips of 

otherwise adult trees; 2 = most fruit in the juvenile foliage but some branches bearing 

adult leaves; 3 = all, no adult foliage was present). The height of phase change was 

taken as the total height of reproductively-mature trees that remained in the juvenile leaf 

phase, for there was no means of determining the height at which the tree might make 

the transition. This led to an underestimation of the height of phase change in some of 

the E. risdonii populations. 

MO/phologica/ characters 

The selection of the suite of morphological characters used to describe the pattern of 

phenotypic variation within and between the two taxa was not straightforward. 

Biosystematic studies are usually based on adult morphology (Andersson 1989) but in 

this case what represents the 'adult' morphology? Eucalyptus risdonii is generally 

homoblastic, so the petiolate and lanceolate 'adult' leaf type is only rarely produced, 

whereas E. tenuiramis is heteroblastic and reproductively-mature trees frequently do 

not bear anything but the 'adult' leaves. The comparison of the most adult leaf, or the 

most frequent leaf type on each reproductive individual would, therefore, have led to a 

straightforward discrimination of the juvenile connate leaves from the petiolate adult 

leaves. A potential problem with this approach is that large differences in adult 

morphology may be a consequence of small changes in the genes regUlating 

development (Goldschmidt 1940; Gottlieb 1984), leading to an overestimation of the 

genetic differences between the two taxa (Takhtajan 1972; Gould 1977). One method 

to minimize such heterochronic, or ontogenetic, differences, proposed by Andersson 

(1989) in his study of Crepis tectorum, is to include morphological information from 

earlier ontogenetic stages. 

This is probably even the preferred option, for the examination of the different leaf 

phases produced by heteroblastic plants has provided useful information on the 

relationship among plant taxa in general (Allsopp 1967; Dancik and Barnes 1974; 

Dickinson and Phipps 1984) and in Eucalyptus, in particular (e.g Potts and Reid 

1985b; Marginson and Ladiges 1989; Kottek et al. 1990). 

Therefore, to enable a comparison of the morphology of the two species, three data 

sets were collected: connate Juvenile' leaves, petiolate 'adult' leaves, and fruit The 

characters comprising these data sets are indicated in Table 2.2 and illustrated in Fig. 

2.2. Because of the rarity of the petiolate leaves in the E. risdonii populations, and 

the corresponding rarity of juvenile leaves in reproductively mature E. tenuiramis, it 
was not possible to collect a full data set for each individual. Moreover, any sampling 

strategy that attempted to collect in such a manner would bias the sampling. Therefore, 
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the data set of 'adult' E. risdonii leaves is incomplete and the 'juvenile' E. tenuiramis 
leaves do not correspond to the fruit and 'adult' leaf data set at the individual level . 

Therefore, each morphological data set was analyzed separately, but the results of the 

discriminant function analyses for the three data sets were fused in the cluster analysis. 

Sun leaves and capsules were sampled from several areas of the crown of each 

individual for measurement and seed was collected for the progeny trial. For each E. 
risdonii tree, three typical juvenile leaves, and the most adult leaf, were subjectively 

chosen for measurement from an area of maximal summer growth, as was a central 

capsule from each of three typical mature umbels. For each E. tenuiramis tree, six 

typical juvenile leaves, six typical adult leaves, and six capsules were measured. The 

leaves and capsules were photocopied and measured using a digitizing tablet and HP 

microcomputer as described by Shaw et al. (1984). The number of buds per 

inflorescence could not be included because of measurement difficulties. The number 

of buds initiated is high (c. 15) and buds abort at all stages of development, and so to 

enable the accurate determination of bud number for each tree, large numbers of 

inflorescences would have to be collected at an identical stage of develop men t This 

was not practicable. 

Analyses 

Means and standard deviations of the untransformed morphological variables were 

obtained for each of the 40 E. risdonii and E. tenuiramis populations. In order to 

examine the patterns of phenotypic variation between populations of the two taxa, 

multivariate comparisons were conducted using Discriminant Analysis (Canonical 

Variates Analysis; eVA) with the population as the canonical unit Populations were 

then classified using Average Linkage (average between groups fusion) (Sneath and 

Sokal 1973), based on Mahalanobis' generalized distance. 

The variables used in the discriminant analysis comprised 3 data sets derived from the 

juvenile leaves, the fruit, and the adult leaves. These 3 suites of variables were 

analyzed separately since either juvenile leaves or adult leaves were unavailable for 

many individuals. 

Discriminant analysis has been used widely in the study of phenetic variation in 
eucalypts (Phillips and Reid 1980; Shaw et al. 1984; Potts and Reid 1985a; Wiltshire 

and Reid 1987; Potts 1989; Wiltshire et al. 1990) and in a wide range of other 

dicotyledon taxa (recent examples include Crepis tectorum, Andersson 1990; Larix 
laricina, Parker and Dickinson 1990; Betula sp., White et al. 1988). This ordination 

method describes the location by the analysis of pre-determined groups (in this case 

populations) of individuals in terms of a series of canonical axes or discriminant 

functions. In orienting these axes, eVA maximizes between group variance relative to 
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within group variance, emphasizing those characters that best discriminate between the 
samples (White et at. 1988). The relative weighting of these characters is given by the 

standardized discriminant function and their importance and direction in the 2 
dimensions of the discriminant space was summarized by plotting each as a vector. 

The plot of the population positions on the main discriminant functions gives the best 2 
dimensional projection of the difference between populations (White et at. 1988). The 
test for the significance for each discriminant function follows Seal(1966) and the 

indication of 95% confidence limit of the group centroid was based on the average 
number of individuals in the populations (Phillips et at. 1973). 

Discriminant analyses of each of the 3 character suites were conducted using both 

Direct entry and Step-wise backward elimination of characters. The step-wise 
backward elimination of characters can be used to identify and remove redundant 

variables (those not contributing unique and significant [partial F values greater than 
0.05] information to the discrimination of populations). In this case, all characters had 
partial F values greater than 0.05 and all were included in the analysis. 

Discriminant analysis, like ANOVA, makes the assumption that residuals are normally 
distributed and that sample variances are homogeneous. An attempt was made to 

optimize these criteria at the univariate level by data transformation. The Homogeneity 

of Variance assumption was tested using Cochrans C-test and trends in the relationship 
between the sample mean and variance were examined through plotting. The normality 

of the distribution of pooled residuals was tested by measuring the skewness and 
kurtosis of the distribution of pooled residuals and examining cumulative normal 
distribution plots (after Potts 1989). Pooled residuals were calculated using MINITAB 

(Ryan et at. 1985). Sample statistics were computed and homogeneity of variances 

and distribution plots were obtained using the CONDESCRIPTIVE and MANOVA 

subprograms of SPSSx (SPSS Inc 1986). 

Discriminant analyses of the resulting transformed data were performed using the 
DISCRIMiNANT subprogram of SPSSx. Cluster analyses and the calculation of the 
Mahalanobis generalized distance from discriminant scores were performed using the 

CLUSTER subprogram of the same package. 

Environmental variation 

To examine environmental correlates with observed phenotypic variation, principal 

components analyses (PCA) were used to reduce a subset of 27 environmental 

characteristics (Table 2.3) recorded from each stand or generated using the climate 
process model BIOCLIM (NIX et at. unpubl.) for the temperature and precipitation 

indices, and QOUDY (Fleming et at. 1987) to a small number of factors describing 
the principal directions of environmental variation. PCA of the environmental data was 
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run using STATVIEW on a Macintosh computer. 

Results 

2.1 Phase change and reproductive maturity 

The characteristics most frequently used to discriminate between the two species, E. 
risdonii and E. tenuiramis, are associated with the timing of phase change and the 
onset of reproductive maturity (Curtis and Morris 1975; Brooker and Kleinig 1983; 

Chippendale 1989). This ontogenetic variation between populations was estimated 

from three interrelated characteristics: phase in which the tree commences 
reproduction, proportion of adult foliage in the crown of reproductively mature trees, 
and the height at which phase change occurs. Figure 2.3 depicts the proportion of 

trees sampled from each population that were reproductive in the juvenile phase. This 
figure shows a 'core' of eleven E. risdonii populations comprised of trees that are 
almost all reproductive in the juvenile foliage but with a small proportion of trees 

developing incidental adult foliage. These populations (GHHI. GHH2. GHFH. GHNH. 

RVH2. RVH3, MROl, MRTH, HKH, HRA, and lITOl) were all classified as E. risdonii (R) 

phenotypes. 

The twenty-three populations comprised of trees that were reproductive in the adult leaf 
phase were classified as E. tenuiramis (1) phenotypes. Nearly half of these 
populations had some reproductively mature trees bearing juvenile leaves in the 
reproductive zone of the tree, but this was largely the result of epicormic growth. Only 
one population (RRR) had a small proportion of trees that were reproductive while still 

in the juvenile phase. 

In the remaining six sampled populations (DH, RVH4. RVEH, MRSH, MRGH, and HRH), 

there was no clear dichotomy into 'reproductive in the juvenile phase' or 'reproductive 

in the adult phase'. In all six populations, trees were sampled that were reproductive 
in the juvenile phase (not attaining the the adult phase), there were trees with incidental 
adult foliage, and trees with most reproduction occurring in the adult leaf phase. In 
each of the DH, RVEH and HRH populations, there was a small proportion of trees that 

,~ 

were reproductive only/the adult phase. All six of these populations were classified as 
'Intermediate' (R-T) phenotypes. 

This initial classification of the populations is given in Table 2.1, along with the mean 
proportion of adult foliage and the mean height of the sampled trees in each. 

Figures 24 (a) and (b) show that the R-T populations are intermediate for both 

proportion of adult foliage and height of phase change. The R populations had a low 
mean proportion of adult foliage (0-9%), the R-T populations range from 34-49%, 
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whereas most of the T populations had more than 80% adult foliage - the exceptions 
being RRR, SAR, and ACT, the closest populations to the south of the R phenotypes on 

the eastern shore of the River Derwent The intermediacy in terms of the height of 
phase change was confounded by the underestimation of the height of phase change in 
some of the E. risdonii populations. In those trees that remained in the juvenile leaf 

phase, the height of phase change was taken to be the total height of the tree, for there 

was no means of determining the height at which the tree might make the transition. 
This grossly underestimated the height of phase change in the populations prevented 

from attaining their full height by repeated burning (i.e. GHFH, GHH1, GHH2, HTOl, 
MR01). -

The mean height of the sampled trees from the E. risdonii and E. tenuiramis 
populations varies from the relatively tall (12 m) northern E. tenuiramis found in the 
Green Hill (GH), Strickland (STR) and Hollow Tree Road (HTR) populations to the 

small tree - mallee form (3-5 m) growing in a number of the E. risdonii populations. 

There is, however, no clear dichotomy between growth habits. Many of the E. 
risdonii populations (RVH4, RVH3, RVH2, RVEH, MRSH, MRGH, GHNH, HKH, HRH) are 

composed of predominantly single-stemmed trees, not markedly smaller than some E. 
tenuiramis populations (EBR, BCO, GHR,RVBH, FOR, etc.). The mallee E. risdonii 
populations are frequently burnt and occur in edaphic conditions that prohibit rapid 

vegetative growth. Furthermore, large dead stems and isolated single-stemmed 

individuals found in all populations indicate that the mallee form is the product of 

vegetative recovery after severe firing that kills the main stem. 

Environmental variation and variation in ontogeny 

In order to determine the nature of any underlyjng environmental gradient associated 

with the variation in ontogeny between populations, PCA was performed on a subset of 
20 of the 27 site characteristics (the other 7 were highly correlated and considered 

redundant). Only the geographically close E. tenuiramis populations were included 

(those within the box in Fig. 2.3) so that subtle differences would not be obscured by 

the gross differences associated with its wide geographic distribution. The inclusion 

of the East Coast populations (BICH and FBR), for example, with their climate 

influenced by a subtropical current producing markedly different temperature and 
precipitation patterns, completely obscures differences within the remaining 
populations. The character loadings on the three principal axes (Table 2.4) indicate 

that each is associated with a climatic variable. The first component is dominated by 
differences in temperature between populations, the second by precipitation, and the 

third by predicted insolation loads. However, the pattern of variation in the retention 

of the juvenile leaf habit does not appear to be associated with any of these major 
environmental parameters, whether it is measured in terms of the phase in which the 

individual becomes reproductive, the height of phase change, or the proportion of adult 

foliage (Fig. 2.5 (a), (b) and (c), respectively). 
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.,., ... '-""" Morphologic:!1 variation between ontogenetic phenotypes (R, R·T, & 

'J.') 

TIt.: iliIicrcnce in univariate morphological characters between the three types is 
summ:lIized in Table 2.2. The grand mean of the R·T type is intermediate for each of 

!lIe four juvenile and five adult leaf characters but not for the six fruit characters. One· 

way ANOVA of !lie tr.msformed characters indicates that there is a significant difference 

between the phenotypes for 13 of the 15 characters, but of those grand means only 5 

(ill. LWPJ. BASEJ. PEDU. PEDI) differentiated between the Rand R· T population 

groupings. 

A comparison of the groups using discriminant function analysis based on the three 
character suites revealed that the type centroids were highly significantly different for 

the first discriminant function in each analysis (Table 2.5). The characters 

discriminating between the phenotypes are a contrast between size and the degree of 
fusion of the base of the juvenile leaves, a contrast between longer peduncles and 
smaller capsules, and in the petiole and lamina length of the adult leaves (Table 2.6). 

The position of the centroids of each phenotype on each of these axes is depicted in 

Fig. 2.6. This ordination reveals that the R·T form is intermediate only for the juvenile 
leaf character sets. The difference between the R and R· T centroids on the adult leaf 

discriminant function is not significant, and the score of the R· T morph on the fruit axis 

is higher than both other phenotypes. 

The correspondence between the classification of each population based on the phase 
of reproductive maturity, predominant foliage type and height of phase change and the 

classification based on discriminant function scores of individuals within each 

population is shown in Table 2.7. Based on ICVI, the majority of individuals were 

reassigned to their initial phenotype for 33 of the 40 populations. The overlap of 

phenotypes was least for the geographically extreme E. tenuiramis populations and for 

the Government Hills E. risdonii (GHHI. GHH2. and GHFH). The classification based 
on the fruit discriminant function (CCVI) was oflittle predictive value; individuals 
within 17 of the 40 populations were misclassified, with only 7 of the E. tenuiramis 
populations classified correctly for more than 75% of individuals. There was far less 
overlap in the classification of individuals using the scores on ACVI and of those 

misclassifications,7 were between R and R· T phenotypes. The vast majority (an 

average of 97%) of individuals in 20 of the 23 E. tenuiramis populations were 

reassigned to the T form. In the remaining 3 populations (GHR. RVBH. and GBH), the 

majority of individuals were classified as having greater affinity to the Rand R· T 
phenotypes. In fact, the majority of individuals in the RVBH population were classified 

as R· T rather than T for all 3 character sets. 
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In the initial classification, these three populations fitted cleanly into the E. tenuiramis 
phenotype, having a high proportion of adult foliage in the sampled reproductively

mature trees, undergoing phase change at a low height, and being reproductive almost 

exclusively in the adult leaf phase. However, individuals from these populations are 

intermediate in morphology. The answer is, no doubt, associated with the location of 

these populations for, geographically, they mark the northernmost limits of the E. 

risdonii (R andR-T) distribution. This suggests that either the apparent discontinuity 

in the phase of reproduction that distinguishes the phenotypes is an artifact of sampling 

or that the morphological variation between the three forms is continuous and is either 

a plastic or genetic response to one or more environmental gradients. 

These results indicate that this division into the three phenotypes is too simplistic a 

representation of the pattern of variation between the populations and that the 

phenotypic variation must also be examined without the a priori grouping imposed by 

the ontogenetical variations in phase change or reproductive maturity that differ 

between populations. 

2.3 Phenotypic variation between populations 

The pattern of variation between the populations was summarized by separate 

discriminant function analyses of the juvenile leaf, fruit, and adult leaf character sets. 

The CVA of the four juvenile leaf characters yielded four significant (P<O.O 1) eigen 

values, the first three of which accounted for 97% of the variation between population 

centroids. 

Figure 2.7 (a) and (b) are two-dimensional ordinations of the 40 population centroids 

calculated for the first and second, and first and third, discriminant functions derived 

from the juvenile leaf data. Each population centroid is represented by a character (R. 

T. or R-T) denoting its phenotype (according to initial classification based on phase of 

reproduction) and by an ideogram drawn from the mean values of the four characters 

for that population. these mean values are presented in Table 2.7. The position of each 

population centroid is given in Table 2.8. The ideograms are all drawn to the same 

scale and, therefore, represent differences in size and shape of the mean juvenile leaf 

between populations. Vectors represent the direction. and relative importance. of the 

discriminating characters. 

The major axis in the discriminant analysis based on the juvenile leaf data is described 

by JCVi, which accounts for 72% of the variation between population centroids. This 

axis is dominated by a single character, the ratio of the base measure to the lamina 

width (the connateness of the leaf). The second major direction of variation between 

the population centroids (JCV2; 18%) is dominated by leaf size, with the standardized 

discriminant function coefficient for both lamina length (LU) and lamina width (LWJ) 
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positive on this axis. The third axis, which accounts for 7% of the variation between 
populations, contrasts lamina width with lamina length, indicative of the leaf shape 

variation discriminating those populations with wider, short leaves from those with 

elongate, narrower leaves. Figures 2.7 (a) and (b) show that the major axis describes 

a pattern of continuous variation in the fusion of the juvenile leaf base from 

populations of E. risdonii with maximal fusion to those E. tenuiramis populations 

that are barely connate. There is no major discontinuity between Rand T populations, 

with R-T populations intermediate between the two. Rather, the main axis of variation 

separates the Government Hills populations (GHHl, GHH2, and GHFH) as the extreme 

form of E. risdonii and the geographical extremes of the sampled E. tenuiramis 
(BICH, FBR, GH. STR, LBR, BCO to the North and CH, RB. LBI, BGP to the South). The 

remaining geographical core of populations form a continuum from the R to the T 

phenotypes, with the R-Tpopulations intermediate, but there is no clear discontinuity in 

juvenile leaf characters to suggest the division of the populations into three discrete 

entities. 

The discriminant function analysis based on the fruit morphological characters does not 

lead to a clear separation of the populations into the three morphs (Fig. 2.8). The main 
axis of variation (CCVl), which accounts for 39% of the variation between population 

centroids, serves to discriminate between those geographically extreme E. tenuiramis 
populations (BICH, FBR, BCO to the North and BGP, CH, and LBI to the South) from the 

remaining mixture ofR,R-T. and T populations. The second and third axes describe 

the variation in capsule shape between the remaining populations. The vectors in Figs. 

2.8 (a) and (b) indicate the strength and importance of the characters along these three 

axes and a capsule ideogram of the mean univariate values of each population 

represents the position of the population centroid and illustrates differences in capsule 

size and shape. CCVl describes an increase in capsule size (positive vectors for each 

of CAPL, CMAXW, CRMW) but a decrease in peduncle length (PEDU) such that 

populations with positive scores for this axis tend to have larger capsules but shorter 

peduncles. There is also a change in shape (indicated by PMAXW) from barrel-shaped 

to obconical, although this is of more importance in separating the 'extremes' along the 
second axis. 

The main pattern of variation described by these two analyses is combined in the 

ordination of the population centroids using the main discriminant function from the 

juvenile leaf CVA and from the fruit CV A. It can be seen from Fig. 2.9 that there is a 

continuum in morphological variation between the R.R-T, and the T populations from 
contiguous populations, and that the scale of this variation is less than that expressed 

within the E. tenuiramis. 

The ordinations of the population centroids based on the discriminant analysis of the 

adult leaf morphology present a more homogeneous view of the E. tenuiramis 
populations and apparently marked differentiation from the Rand R· T populations (Fig. 
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2.10). The major axis (ACV1), which accounts for 63% of the variation between 

papulation centroids, is dominated by lamina length and clearly separates the Rand R-T 

phenotypes (with their shorter leaves) from 20 of the 23 T populations. Of the three 

remaining E. tenuiramis populations, GHR and RVBH are intermediate and GBH has 

greater affinity with the R-T and R phenotypes. These three populations are also the 

closest in geographical proximity, occupying sites adjacent to the northernmost Rand 

R-T populations. 

In Fig. 2.10 (a), ideograms of sequential leaves from a single E. tenuiramis (RB) tree . 

grown under glasshouse conditions indicate the transition in leaf shape associated with 

ontogenetic change and the resultant change in position along this discriminant 

function. This illustrates that the major axis of variation in adult leaf shape 

discriminating R from T populations is paralleled by changes in leaf shape associated 

with ontogeny; changes that can occur in as few as 11 nodes (a single growing season) 

within a single plant 

The second discriminant function, ACV2 (20%), largely describes variation between 

population centroids within E. tenuiramis; separating narrow-leaved fonns (fITR, LBI, 

RB) from those populations with wider leaves (RRR, SAR, FOR, EBR, AC). The third 

discriminant function, ACV3 (9%), describes much of the residual variation between 

population centroids within the two main groups which is largely attributable to 

differences in leaf size and petiole length, with the larger-leafed, shorter petiole 

populations having a positi ve score. 

Figure 2.11 presents a series of histograms depicting the relative frequencies of 

individual scores in each population along the discriminant function that best describes 

the phenetic variation between the populations (ICV!). Fig. 2.11 (a) depicts the 

continuous nature of the variation from across the morphological range of the sampled 

populations. Fig. 2.11 (b) shows those populations considered intermediate (R-T) 

between E. risdonii and E. tenuiramis (MRSH is shown in Fig. 2.11 (a». Four of 

those 6 intermediate populations are clearly dominated by individuals of intermediate 

morphology (HRH, MRGH, MRSH, and RVH4), one population has a closer affinity to R 

(RVEH) but the individuals from the DH population have a wide range of morphologies 

that nearly encompasses both Rand T phenotypes. Based on the juvenile leaf shape, 

this population appears to be a mixture of R, R-T and T forms. 

Population classification 

Using the full suite of discriminant functions derived from the analyses of both the 

juvenile leaf and the fruit data, the 40 populations were subjected to clustering using 

Average Linkage (UPGMA) (Sneath and SokaI1973). The resulting dendrogram (Fig. 

2.12) reveals that the pattern of fusion of popUlations differs from the accepted 
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division between E. risdonii and E. tenuiramis. The major dichotomy i s between the 
geographically extreme E. tenuiramis populations and the core populations of both R 
and T phenotypes. Within that 'core', the Government Hills and HTOl populations 

form a discrete group but the lower levels of fusion appear to be associated more with 
geographical distance than with phenotype. 

This relationship between phenetic and geographic distance between populations is 
illustrated in Fig. 2.13. This figure suggests that the pattern of morphological 

variation between E. risdonii and E. tenuiramis populations can best be described in 

terms of a core E. risdonii phenotype and continuous variation in juvenile and fruit 
morphology that parallels geographical distance radiating from that point in all 
directions. 

Including the information from the adult leaf discriminant function analysis alters the 

major dichotomy to the more orthodox division into the Rand T phenotypes (Fig. 

2.1l(blThis division is not perfect, however, with three T populations (RVBH, GHR, 

and GBH) showing greater affinity to the Rand R·T phenotypes. These populations 
were classified into the T phenotype on the basis of: reproductive maturity in the adult 

phase; the adult, petiolate leaf being the dominant foliage in reproductively mature 
trees; and the low height of transition to the petiolate leaf phase. This discrepancy 

between classifications based on morphology and ontogeny is, no doubt, related to the 

close geographical proximity of these populations to the Rand R· T populations. 

If the level of fusion of the FBR population is regarded as an aberration, or the 

population is regarded as an outlier, this dendrogram suggests that the populations can 
be regarded as forming 4 main phenetic clusters: 
(1) Government Hills 'extreme' E. risdonii, 
(2) E. risdoniiltenuiramis, from the eastern shore ofthe River Derwent, 

(3) Central E. tenuiramis, in close proximity to Hobart, and 

(4) Geographically extreme E. tenuiramis, from the northern, western and southern 

limits of E. tenuiramis' distribution. 

Discussion 

Heterochrony and the use of homologous character sets 

This study emphasizes the importance of using strictly homologous characters in any 
study of morphological variation, but especially so when morphological divergence is 

suspected to have occurred by changes in developmental timing. The importance of 

removing potentially confounding ontogenetic variation in phenetic studies has been 
frequently stated (e.g. Shaw et al. 1984) but this has usually been confined to the 

variation that is found within a single individual, such as variation in seasonal growth 

(expansion of the leaf in Spring vs. Summer, or under conditions of varying water 
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availability), or position within the plant (sun and shade leaf dimorphism). However, 
when dealing with variation with a heterochronic component, ontogenetic variation 

between individuals, and between populations, must also be removed to provide an 

accurate assessment of phenetic variation. 

The distinction and separate evaluation of the juvenile and adult leaf types in this study, 

removed the gross source of variation between the homoblastic and heteroblastic 

phenotypes and pennitted a more accurate assessment of the phenetic relationship 
between populations, rather than a simplistic description of the difference between the 

juvenile and the adult leafforms. A morphometric study that confused the juvenile and 

adult leaf types would have led to an obvious, but meaningless, discrimination of the 

two phenotypes that would be more an indication of the variation in ontogeny within a 

plant than an estimate of the genetic difference between populations. 

There were some difficulties in the collection of the data sets, however. For example, 

the abundance of the petiolate leaf in E. risdonii populations varied. Sampling only 

those individuals bearing the petiolate leaf phase was neither possible nor desirable, 
potentially biasing the population towards a particular genotype or, worse, sampling 

individuals introgressed with genes from sympatric, petiolate species. Sample sizes 

could not be increased only for those populations with few adult leaves because, as 
Clarke (1975) and Clarke et al. (1978) argue, variation in the size of the sampling area 

can lead to a difference in the estimate of within population variation. Similarly, it was 

not possible to restrict the collection of leaf samples to E. tenuiramis that bore both 

juvenile and petiolate leaves. Reproductively mature E. tenuiramis bore juvenile 

leaves usually only as coppice shoots from the base of the trees or as proventitious or 

epiconnic shoots. Therefore analysis of the full suite of characters for each individual 

was not possible, and examination of the pattern of variation produced by the 

combination of the three data sets was only possible at the classification phase of the 

analysis. 

Patterns of m01phological variation and classification 

The patterns of v ariation revealed by each of the three morphological character sets 

differed. The discriminant function analysis (eVA) of the juvenile leaf form revealed 

no major discontinuity between populations classified into 'E. risdonH', 'E. 
tenuiramis', and 'Intennediate' phenotypes on the basis of predominant leaf type and 

leaf phase in which the individual is reproductively mature. If there is any 

discontinuity between populations in the juvenile leaf morphology, it is between 

populations within taxa, rather than between populations classified into E. risdonii 
and E. tenuiramis. Fruit characters are of even less value for classifying populations 

into either phenotype. The pattern of variation in fruit morphology is a continuum, 

except for a few E. tenuiramis populations that appear as outliers. There appears to be 
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no consistent pattern of differentiation in fruit morphology between phenotypes. 

The same is not true of the pattern of variation revealed by the discriminant function 
analysis based on "the adult leaf characters, which reveals a clear disjunction between 

E. risdonii and E. tenuiramis types. However, this apparent divergence in adult leaf 
shape may be an artifact of ontogenetic variation, despite the attempt to minimize its 

effect by treating the leaf types separately. Because of the rarity of the petiolate leaf 
type in many E. risdonii populations, and its delayed expression, the 'adult' leaves 

from E. risdonii may actually represent intermediate leaves. The sampling of the E. 
risdonii should be contrasted with that of the E. tenuiramis. In the E. risdonii 
populations, only a proportion of the sampled trees bore petiolate leaves. Of the leaves 

sampled, the most adult in leaf shape was selected but this may still have been 
'intermediate'. In the E. tenuiramis populations, by contrast, large numbers of adult 
leaves were sampled from each tree and intermediate leaves were discarded, the six 

leaves for each tree were selected from the median leaf size but all were fully 'adult' in 

shape. This possible source of ontogenetic variation is illustrated by the ontogenetic 
change from intermediate to adult leaf shape in a single glasshouse-grown E. 

tenuiramis. The full range of morphological variation along the main axis 
discriminating E. risdonii from E. tenuiramis populations is covered in only 11 nodes 
within a single plant undergoing the transition from intermediate to adult leaf shape. 

Therefore, although there may be differences between the adult leaf morphology, those 

differences are compounded or obscured and, possibly explained, by ontogenetic 
differences. 

The difference in the pattern of phenotypic variation indicated by the three sets of 
morphological characters affects the phenetic distance, and implied relationships, 

between phenetic clusters depending on the combination of characters used, but the 

phenetic clusters remained almost unchanged. 

The conventional view of the taxa contrasts the E. risdonii phenotype, as found in the 
'Government Hills' (probably the source of the type material), a form rarely escaping 

the juvenile leaf form, with the 'Central' E. tenuiramis phenotype, comprising E. 
tenuiramis populations that surround the E. risdonii distribution, in which the 

reproductively mature individuals bear mostly adult leaves. However, this describes 

only two of at least four reference points in what appears to be a morphological 
continuum. A third phenetic cluster, which includes the majority of the sampled E. 

risdonii populations, exhibits a wide range in the height of phase change and 
proportion of juvenile foliage present in reproductively mature individuals, even 

including three populations classified as E. tenuiramis because of the predominance of 
the adult leaf phase. Nevertheless, the phenetic distance, based on juvenile, fruit, and 

adult leaf morphology, between these populations is small. The fourth phenetic 

cluster, the 'Extreme' E. tenuiramis, is comprised of populations from the 

geographical extremes of E. tenuiramis' range. 
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These groupings of populations remain basically unaltered, but the phenetic distance 
between clusters is altered by the inclusion of the adult leaf infonnation. The variation 
between the two E. n'sdonii and the two E. tenuiranu's groups is undoubtedly 
magnified by ontogenetic differences in the adult leaf morphology, but its exclusion 
might lead to an underestimation of the phenetic distance between groups. If only 
juvenile leaf morphology and fruit characters are considered, the major dichotomy is 
not between the E. n'sdonii and the E. tenuiranu's phenotypes but between the 
'Extreme' E. tenuiramis and the other groups, whereas the inclusion of the adult leaf 
information changes that major dichotomy to a conventional division of E. risdonii 
and E. tenuiramis populations, with the exception of three misclassified E. tenuiranu's 
populations. 

Clinal variation in ontogeny 

Variation in the timing of developmental events, such as phase change and the onset of 
reproductive maturity, appears to be continuous within the E. risdoniiltenuiramis 
complex, with populations ranging from those almost entirely juvenile in leaf type to 
those exclusively bearing adult leaves in reproductively mature individuals. 
McNamara (1982) described such clinal variation in paedomorphy as a 

paedomorphoc1ine. However, environmental gradients associated with this clinal 
variation in ontogeny have not been identified. Clinal variation in other eucalypt 

species, or complexes, have been shown to be correlated with altitude (E. paucij1ora, 
Pryor 1956; Green 1969; E. urnigera. Barber and Iackson 1957; Thomas and Barber 

1974a,b; E. vernicosa, Iackson 1960; E. viminalisldalrympleana, Phillips and Reid 

1980; E., gunnii, Potts and Reid 1985a,b), latitude (temperature or day length) or 

environmental stress (such as moisture availability, E. amygdalinalpulchella, e.g 
Kirkpatrick and Potts 1987). The major environmental gradients varying between 

geographically close E. tenuiramis (adult) populations and the Intermediate and E. 

risdonii (juvenile) populations are in temperature, precipitation, and insolation, but 
these are not directly correlated with the pattern of ontogenetical variation. It is highly 
probable that the variation is associated with soil moisture availability, as suggested by 
Davidson et al. (1981), but the variables other than the three mentioned that influence 

this parameter, such as soil type and depth, were not measured precisely enough to 
reflect such differences. Some alternative means of estimating environmental 
gradients, such as indirect gradient analysis, is needed to determine the underlying 
cause of variation in -the retention of the juvenile leaf morphology. 

Growth habit 

The difference in growth habit between E. risdonii and E. tenuiramis, so often cited 
(Curtis and Morris 1975; Brooker and Kleinig 1983; Boland 1984; etc.) is a poor 
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discriminating character. The mallee habit is only typical of the extreme E. risdonii, 
as found in the Government Hills. Many of the E. risdonii populations exhibit the 

tree form and attain comparable size to some of the E. tenuiramis populations. The 
sites exhibiting the highest development of the mallee form are those sites that have the 

most skeletal soil and the most frequent firing (GIDll was last burnt in 1980 and 

previously in 1960/61, Potts and Reid 1985c). There is little doubt that the mallee 

habit is induced by a fire rotation that is too rapid to allow the coppice stems to attain a 

size (c. 21 cm, Wiltshire, unpubl.) capable of withstanding fire damage. Indeed the 

high level of disturbance (Potts and Reid 1985c), and the consequently youthful 

coppice stems undoubtedly maintain a higher proportion of juvenile foliage than would 

be the case if fire was excluded from those 'Government Hills' E. risdonii 
populations, thereby magnifying ontogenetic differences between this extreme form of 

E. risdonii and the E. tenuiramis phenotypes. 

Conclusion 

The current taxonomically important characters used to discriminate the two taxa, E. 

risdonii and E. tenuiramis, based on differences in developmental timing, such as the 
height of phase change and the predominant leaf phase in reproductively mature 

individuals, do not divide populations neatly into distinct types. There are a number of 

populations that display a wide range of variation in these characters and these must be 

considered intermediate between the two phenotypes in terms of this ontogenetic 

variation. When this ontogenetic component is removed, however, the phenotypic 

variation between populations does not coincide with this pattern of 'E. risdonii', 
'J ntermediate', and 'E. tenuiramis' morphs. There appearto be at least four phenetic 

clusters: two of which would fall within the present definition of E. risdonii and two 

within E. tenuiramis. The phenetic distance between these forms remains uncertain. 

When based on juvenile and fruit morphology, the major dichotomy is between one 

E. tenuiramis form and the remainder. This suggests that the current taxonomic status 

of the complex is suspect. The addition of the information based on the adult leaf 

morphology changes the major dichotomy to between the two E. risdonii and the two 

E. tenuiramis clusters. However, this separation is magnified by ontogenetic 

variation. An accurate representation of the relationship between the phenetic clusters 

identified in this study undoubtedly lies somewhere between these two patterns of 

variation. Clearly, some means of obtaining a more accurate estimation of the genetic 

variation between populations is needed, a method in which the confounding effects of 

ontogeny can be removed. The.analysis of isozymes is one method to obtain a more 

direct approximation of the genetic variation within and between populations (e.g. 

Brown and Moran 1981, Moran and Hopper 1983) but it would still be necessary to 

remove the effects of ontogenetical variation, perhaps by restricting the analysis to 

seedlings at a uniform, early stage of development. An alternative method, and the one 

chosen for this study and described in the next section, is to estimate the genetic 

variation using a wide range of characters from a progeny trial derived from a large 
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number of mothers representative of the range of variation in the populations included 
in this study of adult phenotypic variation 
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Table 2.1 Mean proportion of adult foliage, height of phase change, and tree 
height for the 11 E. risdonii (R), 6 intermediate (R. T) and 23 E. 
tenuiramis (T) populations included in the analysis of adult 
morphology. 

Population No of true!! analyzed for: Adult Height Height 
juvenile fruit adult foliage of phase 

Type No. Cod. Location leaf chars. leaf % change 
chars. chars. (m) (m) 

T 1 BICH Bicheno 8 15 15 98 n.' 6 
T 2 FBR Friendly Beaches Road 13 10 13 82 1.5 7 
T 3 GIl Green Hill 20 20 20 98 1.2 12 
T 4 STR Strickland 13 14 14 99 1.7 12 
T 5 LBR Lovely Banks Road 21 30 29 95 1.3 8 
T 6 HF Hungry Flats 10 10 10 87 2.3 9 
T 7 HTR Hollow Tree Road 12 30 29 93 n.' 12 
T 8 ERR East Bagdad Road 30 30 30 90 1.8 7 
T 9 BCO Black Char lies Opening 20 19 30 92 1.6 6 
R-T 10 ll!I Downhams Hill 30 30 30 30 3.4 5 
T 11 GHR Grasstree Hill Road 27 12 22 83 ' 2.2 7 
T 12 RVBH Blacksmiths Hill 19 10 19 90 2.2 7 
T 13 GBH Gathering Bush Hill 30 14 30 79 2.1 8 
R-T 14 RYH4 Risdon Vale Hill 4 22 20 13 49 3.0 6 
R 15 RYH3 Risdon Vale Hill 3 23 21 5 5 6.1 7 
R 16 RYH2 Risdon Vale Hill 2 27 27 5 9 5.7 7 
R-T 17 RVEII Eagle Hill 37 23 12 29 4.3 7 
T 18 FOR Forcett 27 24 25 84 2.1 7 
R 19 GHH1 Government Hill 1 28 28 0 2 4.0 4 
R 20 GHH2 Govenunent Hill 2 28 27 0 0 3.2 4 
R 21 GIIFlI Fishers Hill 27 24 0 1 2.6 3 
R 22 GHNH Natone Hill 27 16 0 4 4.2 5 
R-T 23 MRSH Simmons Hill 25 18 11 34 3.4 7 
R-T 24 MRGIl Golden Hill 25 25 9 36 4.0 6 
R 25 MRTH Tunnel Hill 23 23 3 0 6.4 7 
R 26 MR01 Meehan Range 01 27 18 5 4 4.6 5 
T 27 ACT Acton 10 10 10 66 2.1 9 
R 28 IIKIl Knopwood Hill 28 28 0 0 6.3 6 
R 29 HRA Howrah Rec. area 28 21 4 9 6.2 7 
R 30 HT01 Tranmere 24 23 1 0 5.0 5 
R-T 31 HRH Rokeby Hill 28 24 7 44 3.9 7 
T 32 HR Huon Road 30 30 30 89 1.4 8 
T 33 AC Alum Cliffs 30 29 30 95 2.0 8 
T 34 RRR Rifle Range Road 30 19 30 63 3.0 9 
T 35 SAR South Arm Road 30 21 30 69 2.4 10 
T 36 TB Tinderbox 26 30 30 93 1.5 9 
T 37 CH Cape Hauy 30 27 30 100 1.0 4 
T 38 RB Randalls Bay 29 30 30 100 0.9 9 
T 39 LBl Lunawanna 22 25 26 100 1.5 12 
T 40 BGP Buryinground Point 28 30 30 100 1.8 8 

Total 972 885 667 



Table 2.2 Adult morphological character codes, descriptions, grand means and 
standard deviations of untransrormed data for the pooled 11 E. 
risdonii (R), 6 intermediate (R.T) and 23 E. tenuiramis (T) 
populations. The F ratios and levels of significance lor the dilterence between 
types (based on transfonned values) are indicated. different superscripts indicate 
lhallhe groups are different al '" P< 0.05, ** P<O.Ol. or *** P<O.OOI levels of 
significance. The transfonnations optimizing homogeneity of variances and the 
nonnality of residuals criteria and applied in all analyses are shown. 

coo, Owacler Grand Mean ± sd F-ratio P Trans-
Description R R-T T foon. 

Juvenile Ie.lf chnra::ters F 
2,969 

UJ Llmina length (nw) 43.9a·" SO.7b*·· 55,Sc·" 292.8 0.000 log 10(X) 
±6.7S ±6.79 ±7.02 

LM Llmina width(mm) 33.8a+" 34.5a+·· 36.6b"" 41.0 0.000 log II)(X) 
±3.73 ±3.93 ±4.SS 

L\w' length from lamina IO.6a·" 12.2b"· n.sc··· 13S.6 0.000 log IO(X) 
base to widest point (nun) ±2.4S ±2.96 ±2.94 

BASEl Width of tbe leaf at 2S.2au • 22.6b"" 17.Sc·" 254.2 0.000 BASElLW 
connate leaf base (nun) ±3.S0 ±4.19 U.S2 

Fruit characters F 
2,SS2 

ffiD[J Peduncle lenglh(mm) l3.0a*- 13.9b" 11.Sc·" 30.6 0.000 log II)(X) 
±J.S3 ±4.0 7 ±3.34 

PEIlI Pedicel length (nun) 2.4a· 2.Sb h • 2.3c·" 9.1 0.000 log 10(X) 
±O.71 ±0.66 ±O.61 

CAPL Capsule blgth (nun) 7.6a· 7.6ab 7.Sb· 3.7 0.026 log 10(X) 
±O.93 ±0.93 ±1.02 

RIMW Capsule rita widlh (mm) 7 .1a"" 7.1a" 7.4b"· 10.5 0.000 log IG(X) 
±O.74 ±0.79 ±O.99 

MAXW M:ur;imum capsule S.Sa·" S.4a"·· S.Sb·" 17.0 0.000 log II)(X) 
widlh(nun) ±O.76 ±0.76 ±O.99 

P MAXWDistance from capsule ", ", S.7a 2.0 0.137 log IG(X) 
rim to maximum cap5llle ±O.SO ±0.7 7 ±O.S1 
widlh(mm) 

Adult leaf characters F 
2,664 

llA L1.mina leoglh (nun) 77.SaU " 79.Sa·" 1l1.9b"U 19&.5 0.005 log IG(X) 
±1i.S1 ±S.SS ±U.O I 

LWA lamina width (nw) 20.7a" 20.7a U • 19.3b u • 8.7 0.000 unlransI. 
±3.S3 ±3.33 ±J.O I 

L\WA lenglh frem lamina 27.la 27.Sa 39.7a 1.' 0.223 LWPi1.L 
base to widest point (nun) ±S.OS ±3.SI ±7.19 

H.A Petiole Ieogth (nuo) S.3a"U 9.2a··· 14.4b U • 129.S 0.000 unlransI. 
±l.40 ±2.91 ±J. 19 

aJRVA Curvature of the leaf 2.Sa"" 3.0a··· 4.S b"·· 41.2 0.000 unlransI. 
(~) ±1.73 ±1.76 ±2.0S 



Table 2.3 Environmental variables measured, or derived from BIOCLIM and 
CLOUDY, used in a PCA of tbe environmental variation between 27 E. 
risdonii and E. tenuiramis populations. 

Table 2.4 

Code 

AT 
MT 
IT 
FT 
AP 
RP 
SP 
TO 
DD 
JD 
SLOPE 
ALT 
EXP 
OW{ 

STYPE 
SDEPTH 
RTYPE 
%ROCK 
%LlTIER 
%GROUND 

Variable 

Mean annual temperature (0C) 
Maximum temperature of the warmest month (OC) 
Minimum temperature of the coolest month (0C) 
Annual temperature range (0C) 
Mean annual precipitation (mm) 
Annual precipitation range (mm) 
Seasonality of precipitation (coefficient of variation) 
Total annual solar radiation 
December total solar radiation 
June total solar radiation 
Slope (0) 
Altitude (m above msl) 
Exposure (1 = sheltered - 3 = exposed) 
Degrees from Northwest 
Soil type (0 = gravel - 5 = clay) 
Soil depth (1 = 1O-20cm - 5 = 50 cm+) 
Rock type (1 = Permian mudstone - 8 = Jurassic dcilerite) 
Rock cover (> 10 cm diameter) 
Litter cover 
Bare ground 

Cbaracter loadings for the main environmental parameters dominating 
the first 3 components of a PCA of tbe environmental variation 
between 27 E. risdonii and E. tenuiramis populations. 

Character PC 1 Cham:ter PC 2 Character PC 3 

FT 0.193 AP 0.409 TO 0.297 
SP 0.186 RP 0.357 "NW 0.282 
MT 0.174 "NW 0.146 JD 0.281 
ALT 0.161 ALT 0.145 DD 0.249 
%GROUND 0.127 %Lm -0.114 
AT -0.112 AT -0.145 
IT -0.183 %GROUND -0.153 

MT -0.204 
Variance 
explained 32.8% 18.9% 16.1% 



Table 2.5 Proportion and significance of tbe variation between type centroids (R, 
R~T, and T) described by tbe first discriminant function derived from 
eacb of tbe juvenile leaf (JCVI), fruit (CCVI), and adult leaf (ACVl) 
cbaracter sets. 

Discriminant Variance Wilk's Chi· dI P 
function lambda "luared 

ICCI 97.7% 0.48 719.5 8 0.0000 
CCVI 96.9% 0.87 119.7 12 0.0000 
ACVI 99.8% 0.57 373.6 10 0.0000 

Table 2.6 Cbaracter loadings on tbe first discriminant function derived from eacb 
of tbe juvenile leaf, fruit, and adult leaf cbaracter sets for tbe 
discriminant analysis of tbe types (R, R-T, and T). 

Cbaracter JCVI Cbaracter CCVI Cbaracter ACVI 

LU 0.61 PEDU 0.73 LLA 0.69 
LWJ 0.27 PMAXW 0.72 PLA 0.42 
LWPI -0.04 PED! 0.20 LWPTOLLA 0.15 
BTOLWI -0.70 CRMW 0.09 CURVA 0.14 

CAPL ·0.63 LWA -0.06 
CMAXW ·0.81 



Table 2.7 Proportions of individuals from each of 40 £OPulations classified into 
R, RT, or T types according to the main iscriminant function derived 
from each of the juvenile leaf (JeVI), fruit (CCVl), and adult (ACVI) 
character sets. Misclassified populations (>50%) are indicated **. 

Percentage ofilldiv~. from each pop. classified ioto type 
Population based 00 juvenile leaf, fruil, and adult leaf chan.: 

No. Codo Type ICVI CCVl ACVI 
R R·T T R R·T T R R·T T 

19 GHHI R 96 , 0 32 32 36·· " " " 21 GHFH R 96 , 0 29 29 42 •• " " " 20 GHHl R 93 7 0 7 " 33 .... " " " 28 HKH R 79 21 0 II 39 50 •• " " " 30 IITOI R 78 22 0 13 61 26 •• 100 0 0 
22 GHNH R 70 26 , I' " 13 •• " " " 25 MRTH R " 35 0 39 35 26 100 0 0 
16 RVHl R " 'I 0 22 56 22 •• 20 60 20 •• 
17 RVEH R·T 46 46 8 22 43 35 67 " 8 •• 
26 MROI R 44 52 '" II " 39 ... 20 80 o •• 
29 HRA R 43 54 '" 24 51 19·· " " 0 
31 HRH R·T 26 " 15 " " 25 0 43 57 •• 
15 RVH3 R 22 70 '" I' 48 33·· 40 60 0" 
I' RVH' R·T 18 73 , 15 " 35 15 TI 8 
23 MRSH R·T 21 58 21 0 78 22 55 45 0" 
12 RVBH T 16 63 21 .... 0 60 40 ... 5 58 37 .... 
II GHR T 37 37 26 .. 8 75 17 .. 23 32 45 
27 ACT T 30 40 30·· 20 0 80 0 0 100 
24 MRGH R·T " 36 36 20 68 12 67 22 11 •• 
10 DH R·T 20 43 37 10 47 43 13 80 7 
13 GBH T I' 32 48 43 " 7" 23 73 3" 
6 HF T 0 60 40" 30 20 " 0 20 80 
35 SAR T 3 'I 55 35 25 40 0 0 100 
32 HR T 3 37 60 43 23 33 •• 0 7 93 
36 TB T , 35 62 13 23 63 0 0 100 
8 EBR T 3 33 63 27 27 47 0 3 97 , BCD T 5 25 70 16 II 74 0 0 100 
33 AC T 0 27 73 17 I' " 0 0 100 
34 RRR T 0 23 77 5 60 35 •• 0 10 OJ 
18 FOR T 0 22 78 29 " 21 u 0 , 96 
38 RB T 0 21 79 7 3 90 0 0 100 
2 FBR T 0 15 85 0 0 100 0 0 100 
5 LBR T 0 10 90 27 40 33 u 0 II " 7 IflR T 0 8 " 17 17 67 0 0 11lO , sm T 0 8 " 29 21 " 0 0 100 
40 BGP T 0 7 93 0 0 100 0 0 100 
3 GH T 0 5 " 20 30 " 0 0 100 

37 CH T 0 3 97 0 0 100 0 7 93 
39 LBI T 0 0 11lO 24 0 76 0 0 100 
I BICH T 0 0 11lO 7 0 93 0 0 100 



Table ~8 (a) mean 'Values and (b) standard de'Viations or adult morpbological cbaracters used 
in tbe discriminant analyses ortbe 40 E. tenuiramis and E. risdonii populations. 
Populations arc as in Table 2,1 and maracter codes are described in Table 2.2. 
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Table 2.9 Scores of the 40 E. tenuiramis and E. risdonii population 
centroids for the three major discriminant functions derived from 
each of the the juvenile leaf, fruit, and adult leaf character suites. 
Populations are as listed in Table 2.1. 

Discrim. function lCV1 lCV2 lCV3 CCV1 CCV2 CCV3 ACV1 ACV2 ACV3 
Cumulative 
v:lriance (%) 72.96 90.16 97.06 39.38 65.71 82.12 62.96 83.24 91.86 
Population 

1 BICH ·3.49 0.19 ·0.03 1.94 0.18 ·0.56 1.40 ·0.33 ·0.26 
2 FBR ·2.14 0.88 ·0.13 2.52 0.95 0.63 2.07 0.38 1.12 
3 GIl ·2.59 0.47 0.29 0.11 ·0.33 ·0.15 0.95 0.08 0.42 
4 S1R ·3.44 ·0.73 0.37 ·0.34 ·0.44 ·0.57 1.13 ·0.43 0.20 
5 LBR ·4.07 ·1.33 0.19 0.09 0.37 0.55 0.74 ·0.29 ·0.01 
6 IIF ·0.62 ·0.13 ·0.46 0.21 0.85 1.14 ·0.10 ·0.06 ·0.48 
7 IITR ·3.37 .1.62 ·0.45 ·0.06 0.29 ·0.71 1.15 ·1.22 0.19 
8 ERR ·0.40 0.90 0.60 ·0.18 0.74 ·0.11 0.43 0.92 0.30 
9 BCO ·1.43 ·0.09 ·0.30 0.87 0.36 ·0.10 1.30 ·0.46 0.66 
10 00 ·0.05 ·0.44 ·0.44 ·0.05 ·0.07 0.29 ·2.17 ·0.52 ·0.27 
11 GHR 0.71 ·0.16 ·0.44 ·1.65 ·1.60 ·0.22 ·1.61 0.15 1.06 
12 RVBH 0.53 0.46 ·0.62 ·0.92 ·1.57 0.67 ·1.18 ·0.24 0.85 
13 GBH 0.02 ·0.28 0.44 ·0.40 0 .80 0.31 ·2.27 ·0.67 ·1.42 
14 RVH4 0.67 0.18 ·0.90 ·0.18 0.13 1.09 ·2.16 ·0.29 ·0.07 
15 RVH3 1.07 0.45 ·0.40 ·0.62 ·1.07 0.65 ·2.70 0.03 0.19 
16 RVH2 1.24 ·0.38 ·0.80 ·0.33 ·0.23 1.26 ·2.38 ·1.11 0.23 
17 RVEII 1.35 ·0.05 ·0.42 ·0.20 -0.50 0.21 -3.03 -0.35 0.63 
18 FOR 0.04 1.40 0.57 -0.35 0.89 0.17 0.56 1.65 0.34 
19 GHH1 2.59 -1.37 0.68 -0.28 -0.96 -0.33 na na na 
20 GHH2 2.61 -0.99 0.98 -0.70 -1.29 0.18 na na na 
21 GHFH 2.84 -1.56 0.24 -0.64 -0.71 -0.83 na na na 
22 GHNH 1. 73 -0.67 -0.48 -0.42 0.24 1.55 na na na 
23 MRSH 0.37 0.13 -0.25 -1.44 0.37 0.18 -3.4 7 0.26 -0.03 
24 MRGH 0.47 0.72 0.51 -0.88 0.20 0.15 na na na 
25 MRTII 1.41 -0.67 -0.33 -0.47 0.77 -0.47 -3.49 0.05 0.98 
26 MR01 1.36 0.00 -0.53 -0.59 0.34 -0.08 -3.13 0.30 -0.54 
27 ACr 0.44 0.32 0.85 1.42 -0.61 0.22 0.26 0.16 0.10 
28 IIKIl 1.81 -0.12 0.24 0.02 0.98 0.05 na na na 
29 HRA 1.26 0.23 0.14 -0.29 0.72 0.62 -3.37 -0.77 1.08 
30 lITO! 1.86 -0.96 0.75 0.15 1.77 -0.69 -2.99 -1.65 -0.04 
31 HRH 0.55 0.40 -0.27 -1.01 0.59 -0.30 -3.46 0.33 0.65 
32 HR -0.52 0.72 -0.37 -0.44 0.14 -0.34 0.17 -0.06 0.36 
33 AC -0.80 1.13 0.43 0.61 -0.08 -0.12 1.22 1.29 -0.21 
34 RRR -0.14 1.90 -0.22 -0.52 0.30 -0.43 0.15 1.56 -0.43 
35 SAR 0.34 1.51 0.32 -0.79 0.25 -1.05 0.54 1.50 -0.53 
36 1B -0.32 0.81 0.17 0.05 -0.12 -0.14 1.30 0.07 -0.58 
37 CH -3.97 -1.26 0.82 2.30 0.03 -0.34 -0.08 0.12 -0.75 
38 RB -2.41 -1.11 -1.47 0.20 -1.13 -0.96 2.02 -1.57 -0 .30 
39 LBI -2.92 -0.98 0.53 0.94 -0.92 0.23 1.55 -1.24 -0.15 
40 BGP -1.47 0.93 0.09 2.26 -0.66 0.26 0.22 -0.58 0.16 



Figure 2.1 Distribution (from Tasmanian Forestry Commission records) and location of 
sampling sites of E. tenuiramis (numbers) and E. risdonii (codes). Details are 
given in Table 2.1. 
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Figure 2.2 (a) Juvenile leaf characters, (b) adult leaf characters, and (c) fruit characters used in the study 
of phenotypic variation in 40 E. rirdonii and E. tenuiramir populations. Descriptions of the codes 
are given in Table 2.2. 
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Figure 2.4 

(a) 

Adult 
foliage 
(%) 

(b) 

Mean beight 

(a) Mean proportion or adult (petiolate) roliage and (b) mean height or 
transition to the petiolate condition in reproductively mature individuals in 
each sampled E. rlsdomi, Intermediate and E.lenuiramis population. 
Population codes are explained in Table 2.1. 
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Figure 2.5 Relationship between environmental variation and variation in ontogeny measured in three 
ways: (a) Ordination on the first three principal axes of 27 populations classified into 
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E. risdonii (q,Intermediate (." or E. tenuiramis (~on the leaf phase in which individuals 
become reproductive. (b) The mean height of phase change of each population, and (c) the 
proportion of adult foliage in reproductively mature individuals in each population. The 
environmental parameters dominating each axis are gi .... en in Table 2.4 but can be summarized as 
gradients in temperature. precipitation and insolation, respectively. 
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Figure 2.6 Relative positions or the centroids or the three ontogenetic phenotypes 
(R, R-T, and T) on the major discriminant runctions derived rrom each 
or the juvenile lear (JCVI), rruit (CCVI). and adult lear (ACVI) character 
suites. 95% confidence limits are given. 
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Figure 2.7 Ordioatioo of the 40 E. risdonii (R), lotermediate (I), aDd E. tenuiramis (T) 
populatioo group ceotroids 00 (a) tbe rU"st aDd secood, aDd (b) tbe rlCst aDd tbird 
axes derived from a discrimioaot fuoctioo aoalysis of 4 juveoile leaf cbaracters 
fl'able 2.1). Vectors indicate the relative weighting and direction of discriminating 
characters. and ideograms represenl mean leaf size and shape for each population. 
The 95% confidence Iimils are based on II = 3D. 
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Figure 2.8 Ordination of tbe 40 E. risdonii (R), Intermediate (1), and E. tenuiramis (T) 
population group centroids on (a) tbe first and second, and (b) tbe first and tbird 
axes derived from a discriminant function analysis of 6 fruit cbaracters 
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(Table 2.1). Vectors indicate the relative weighting and direction or discriminating 
characters. and ideograms represent mean capsule size and shape for each population. 
The 95% confidence limits are based on n = 30. 

PEDU 

PMAXW 

PMAXW 

CAPL 

CMAXW 

CRIMW 

PEOI 

;e-
o 
~ - 0 

'" > 
0 
0 

·1 

. 1 o 2 3 
CCV1 (39%) 

PEDU 

CMAXW 
CRIMW 

CAPL 



Figure 2.9 Ordination of the 40 E. risdonii OR), Intermediate (I), and E. tenuiramis (T) 
population group centroids on the main axes resulting from discriminant 
function analyses based on fruit (CCVl) and juvenile leaf (JCVl) characters. 
Population codes are explained in Table 2.1. 
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Figure 2.11 Relative frequency histograms of individual scores on the main axis of variation 
differentiating E. rirdonii and E. tenuiramis populations on the basis of juvenile 
leafsbape for (a) populations representative of the range of variation, and (b) 
populations classified as intermediate (RT). Population codes are explained in 
Table 21. 
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Abstract 

CHAPTER 3 

Variation in seedling morphology in the E. risdoniil 
tenuiramis complex 

Previous multivariate analyses of Vo.."l(),JiM t'<'\ AA\.\I~ l'YIo-"phol~~~ ~ ~_ !he..E"~"," I '1 eJ....s. 
risdoniiftenuiramis complex suggests that the division of the two taxa on the basis of 

ontogenetic differences obscures the phenetic relationships within the taxa. In this 

study, both environmental and ontogenetic variation is removed to reveal the 
genetically-based variation in seedling morphology. The genetic basis of the 

divergence in the adult phenotype is shown to be relatively minor for some phenetic 

groups and not in agreement with the present status of the taxa. 

25 

Based on seedling morphology, the genetic variation between geographically 
contiguous populations of E. risdonii and E. tenuiramis is relatively small and 
appears to be continuous. Classification into either taxon, on the basis of seedling 

phenotype. is not possible for this group of populations. The only populations that 
fonn a discrete cluster recognizable as E. risdonii are two Government Hills 

populations, from one of which the type specimen was probably collected. Although 
these populations display genetic as well as phencJu:..· differences from the other 

populations that have been classified as E. risdonii, these differences are small when 
compared to the variation between phenetic clusters of E. tenuiramis populations. 

The major dichotomy between phenetic clusters derived from the seedling morphology 

is not between fonns that can be assigned to E. risdonii andE. tenuiramis, but 

between geographically isolatedfonns of E. tenuiramis. The distribution of E. 

tenuiranu-s has a major disjunction, such that populations of the Central East Coast 

have probably been reproductively-isolated from the remaining E. tenuiramis 
populations since at least the last glaciation. The ambiguous variation in the adult 

phenotype is clarified by the marked difference in seedling morphology between the 
two East Coast populations and the other E. tenuiramis populations. 

When viewed in terms of the phenetic distance between populations of the two closest 
species (E. coccifera and E. nitida) the magnitude of the difference between the East 

Coast E. tenuiramis and the other phenetic groups in the E. risdoniiltenuiramis 
complex is emphasized The relatively minor differences between the other phenetic 
groups suggests that the specific status of the taxa is questionable but if retained, the 

species descriptions should be altered so that they do not exclude populations solely on 

the basis of ontogenetical differences. 
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Introduction 

TIle two closely-related species, Eucalyptus risdoliii and E. telluiramis, differ in the 

timing of developmental events, which produces markedly different forms in 
reproductively mature individuals - one retaining the connate, juvenile leaf morphology 

whereas the other bears petiolate, adult leaves. A study of the pattern of phenotypic 

variation based on the juvenile leaf and fruit morphology suggests a pattern of 

continuous variation between the taxa, although inclusion of the adult leaf morphology 
suggests that the two are distinct (Chapter 2). It has been argued that this difference in 

adult leaf morphology is a distortion produced by ontogenetic variation, with the leaves 
sampled from the E. risdonii populations being more representative of intermediate 

than the fully adult leaf shape. 

There is little doubt that the process of divergence between the taxa is heterochronic 
(sensu Gould 1977; Alberch et al. 1979) in nature, but before a phylogenetic 

relationship can be confidently proposed, some more accurate assessment of the 

genetically based variation between populations in the complex is required. In this 

study of seedling morphology, both environmental and ontogenetic sources of 

variation are removed to give a clear indication of the genetic component underlying the 

variation within and between populations in order to assess the evolutionary 

divergence within the E. risdoniiltenuiramis complex. 

Materials and methods 

Progeny trial 

To obtain a closer approximation of the genetic variation within and between 

populations of E. risdonii and E. tenuiramis, open-pollinated seedlings from 40 

populations (Table 3.1) were grown in a common glasshouse environment. Each 

population was represented by 6 replicates from each of 10 mothers from the central 

sampling site within the popUlation, where possible, with the exception of five 

populations (DH. RVH4. MRSH. MRGH. HRH) considered intermediate between E. 

risdonii and E. tenuiramis each of which was represented by 30 mothers. The 

seedlings were arranged in a randomized complete block design consisting of 6 blocks, 

with each mother represented once in each block. The randomized block was 
surrounded by an edge row of seedlings of the closely related Tasmanian endemic 

species, E. ninda and E. cocci/era, (considered sister taxa in the cladistic study by 

Ladiges et al. 1983) which were included as reference points for directions of 

variation and to provide a standard for comparison of interspecific distances. 

The seedlings were grown in individual plastic bags filled with potting mixture, under 

a natural light regime. The seedlings were watered daily and nutriented weekly with an 
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Aq uasol solution. After 5 months, a leaf from the second, fIfth and tenth nodes 

(cotyledons = node 0) were removed for measurement. As with the adult leaves, the 

leaf dimensions (illustrated in Fig. 3.1) were measured using a digitizing tablet 
connected to a Hewlett-Packard microcomputer from photocopies of the pressed 
specimens, as described by Shaw et al. (1984). The second leaf characters were 

removed from the analyses because missing leaves reduced the replicates in some 

populations and their retention did not contribute to the discrimination of the 

populations. Seedlings damaged by fungal attack or making abnormally poor growth 

were excluded from the analysis, giving a total of 1940 seedlings from 484 mothers 

(an average of 4 replicates per mother and 10 mothers per population, Table 3.1) 

scored for the full suite of characters listed in Table 3.2. 

Analyses 

Means and standard deviations of the untransformed morphological variables were 

obtained for each of the 40 E. risdonii and E. tenuiramis populations and 9 E. 
coccifera and E. nitido populations and are given in Table 3.3 (a) and (b). As in the 

study of the adult phenotypic variation, multivariate comparisons were conducted 

using Discriminant Analysis (Canonical Variates Analysis (CVA; Seal 1966)) with the 

population as the canonical unit and then populations were classifIed using Average 

Linkage (average between groups fusion) (Sneath and SokaI1973), based on 

Mahalanobis' generalized distance. Separate CV As were run on the E. risdonii and 

E. tenuiramis data set and on the full data set including the other two taxa. Progeny 

variability within populations was examined by plotting the frequency of individual 

seedling scores along the main axis of a CVA, but for the phenetic analyses, data sets 

consisted of mean values of the progeny from each mother (as in Potts and Reid 

1985b; Kottek et al. 1990), thereby reducing the large data set (1940 seedlings x 26 
characters) to a more manageable size (484 mothers), reducing the variability in 

replicate number between populations and increasing the normality of multi state 

characters. 

As in the study of the adult phenotypic variation, an attempt was made to optimize the 

normality of distribution, and the homogeneity of the sample variances, for each 

character by data transformation. Discriminant analyses of the resulting transformed 
data were performed using step-wise backward elimination of characters to identify 

and remove redundant variables (see Chapter 2) using the DISCRIMINANT subprogram 

of SPSSx (SPSS Inc. 1986) on a PRlMEB mainframe computer. The relative weighting 
of these characters was summarized by plotting each as a vector on an ordination of the 

population centroids on the main discriminant functions. Cluster analyses and the 
calculation of Mahalanobis' generalized distance from discriminant scores were 

performed using the CLUSTER subprogram of the same package and represented using 

dendrograms. 
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Results 

Seedling morphology and ontogenetic phenotypes 

The classification of populations into E. risdonii (R), Intermediate (R-T), and E. 
tenuiramis (T) forms on the basis of ontogenetic variation (the proportion of adult 

leaves in reproductively mature individuals) is an even less adequate description of the 

variation in the seedling phenotype than in the adult phenotype. As in the adult 
phenotype, the populations that represent the end points are adequately classified 

(Table 3.4), but the intermediate populations are not. The Government Hills and some 

of the Howrah populations (lITO! and HKH) are assigned to E. risdonii, and the 
populations from the western shore of the Derwent and the geographically extreme 
populations are assigned to E. tenuiramis on seedling morphology. However, the 

variation in the intermediate populations is continuous. Indeed, all populations except 

the geographically extreme E. tenuiramis have a proportion of seedlings that are 

classified as 'Intermediate'. 

The 3 populations misclassified as E. tenuiramis on ontogenetic grounds (RVBH, GHR, 

GBH), having closer adult morphological affinities to the Intermediate populations, 

were also intermediate in seedling morphology. Other' E. tenuiramis' populations 

(FOR, RRR, SAR, ACT, EBR) were also misclassified on seedling phenotype, with their 

progeny having greater affinity for the E. risdonii and Intermediate phenotype. 

The populations classified as 'ontogenetically' intermediate (R-T) , RVEH, RVH4, MRSH, 

MRGH, HRH, DH, because they had trees of both phenotypes in the same population, 

produced progeny that were overwhelmingly 'Intermediate' or Intermediate and E. 

risdonii in phenotype. There is no evidence of a bimodal distribution of phenotypes, 

with peaks about the E. risdonii and E. tenuiramis phenotypes. This predominance 

of the intermediate phenotype and the genetic continuum between populations is also 

shown in the relative frequency histograms of the individual seedling scores of the 

main axis discriminating E. risdonii from E. tenuiramis populations (Fig. 3.2). 

Variation in seedling mO/phology 

The ordination of the 40 E. risdoniiltenuiramis population centroids derived from the 

discriminant function analysis based on seedling morphology is given in Fig. 3.3. The 

main discriminant function, which accounts for 55% of the variation between 

populations, describes a very similar pattern of variation to that derived from the 
combined juvenile leaf and fruit morphological analyses in the study of adult 

phenotypic variation (Fig. 2.9). The main axis of variation describes a pattern of 

variation with the Government Hills E. risdonii populations (1 [GHH!] , 2 [GHFH] and 

3 [GHH2]) as one extreme and the East Coast E. tenuiramis populations (39 [FBR] and 
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40 [BICHl) as the other. There is a close correlation between three of the four 
comparable seedling and parental characters (Fig. 3.4), but these are only a few of a 

large suite of characters discriminating between populations. The vectors indicate that 
the characters dominating this axis include lamina length (of both the 5th and 10th 

leaf), seedling height, lamina thickness and length to the widest point, contrasted with 

number of nodes expanded, connateness, and the presence of protruding oil glands 

that give a dentate leaf margin. 

As in the study of the adult phenotype, the variation in seedling morphology is 

continuous between populations previously separated into the taxa, E. risdonii and E. 
tenuiramis. If there are discontinuities they lie between populations within taxa. The 

phenotypic differences noted between the Government Hills E. risdonii and other E. 
risdonii populations appear to be genetically based. These populations (GBBl, GHH2, 
andGHFH) have slightly shorterleaves than other E. risdonii populations, as 

illustrated in Figure 3.5, which gives them a slightly more orbicular shape. On this 

same axis, however, the range of variation between E. tenuiramis populations is far 

greater than the variation between E. risdonii populations and certainly greater than the 

variation between some populations classified into different taxa on ontogenetic 

criteria. 

From this major axis of variation, it appears that there are three clusters of E. 

tenuiramis populations, rather than the two identified in the study of adult 
morphology. In addition to the 'Central' and the 'Extreme' E. tenuiramis phenotypes, 

the two populations from the East Coast (FBR and BICB) are quite distinct, having 

longer, more lanceolate shaped leaves (Fig. 3.5), being relatively tall, and an absence 

of oil glands from both leaf (indicated by the characters OILGL, DENTS, and DENTIO) 

and stem (the characters RUGOSE and VERR). 

The axes describing the direction of the largest proportion of the remaining variation 

between populations (cv 2 and Cv 3) discriminate two outlying populations (LBI and 

CH, respectively) from all other sampled E. tenuiramis populations. The Lunawanna 
(LBI) population was not markedly different from the 'Extreme' E. tenuiramis 
phenotype in adult morphology except in fruit shape, which had affinities to the open, 

truncate-turbinate shape of some E. coccifera populations. However, in seedling 

characters, the LBI population was quite different from all other sampled E. tenuiramis 
populations, having smaller, oval, light green leaves, not connate, or only just joined, 

with little or no glaucousness, and the margins of the tenth leaf were more frequently 

dentate (protruding oil glands) but less crenulate (oil glands in the margin of the leaf). 

The stem of the LBI seedlings also bore more oil glands (the character RUGOSE) which 

were longer than in other populations (indicated by the character VERR). 

The Cape Hauy (CH) population was markedly different in juvenile and adult leaf 

shape and in fruit morphology from other E. tenuiramis populations, and this progeny 
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trial has shown that these clifferences are genetically based. The Cape Hauy seedlings 
developed the most characteristic leaf size and shape of any of the sampled 

populations: large, oval (see Fig. 3.5), light green, with little glaucousness, and the 
leaf bases were amplexicaul and free, or just fused by a thin tissue layer. The 

seedlings were tall and tended to have smooth stems rather than verrucae. 

Although both populations have clear affinities with E. tenuiramis, they differ in a 

large number of characters from the main direction of variation within the E. 

risdoniiltenuiramis complex. 

Population classification 

The overall pattern of genetic variation between E. risdoniiltenuiramis populations, as 

estimated from the seedling morphology, is represented in the dendrogram in Figure 

3.6. This dendrogram (derived by average linkage clustering from the CVA discussed 

above) confirms the existence of 5 phenetic groups of populations and the 

classification of LBI and CH as outliers. The major dichotomy between phenetic 

clusters is not between forms that can be assigned to E. risdonii and E. tenuiramis, 
but between geographically isolated forms of E. tenuiramis. The 'East Coast' E. 
tenuiramis is clearly genetically distinct from the other clusters. The relationship 

between the remaining four clusters (identified in the study of adult phenotypic 

variation) was resolved by the reassignment of a number of 'E. tenuiramis' 
populations to the 'E. risdoniiltenuiramis' cluster, which has been renamed the 

'Eastern shore' cluster. 

The correlation between geographic and phenetic distance between populations based 

on the seedling characters (R2 = 0.86; Fig. 3.7) is even tighter than the phenetic 

distance calculated from the adult morphology (R2 = 0.75). This suggests that the 

description of morphological variation as a core of the 'Government Hills' E. risdonii 
phenotype with phenotypic variation radiating from that point in all directions is 

genetically based. However, the rate of spatial change in phenotype is not uniform, 

there is a local steepening of the cline in the vicinity of the River Derwent (Fig. 3.8). 

The contour intervals were placed by calculating the phenetic distance between each 

pair of populations. 

The large geographic distance separating the East Coast populations (BICH and FBR) 

from the rest of the E. risdoniiltenuiramis complex corresponds to the large genetic 

differences between the two groups. However, some populations, such as HR, AC, 

and BCO, show greater variation than predicted on geographical distance. Such 

differences may be attributable to steepening of environmental factors, such as an 

increase in rainfall in the foothills ofMt Wellington (HR), an easterly rather than 

northwesterly aspect (AC), or a dolerite rather than sedimentary substrate (BCO). 
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Alternatively, this increased divergence may reflect barriers to gene flow imposed by 

the River Derwent or, conversely, introgressive hybridization from sympatric species, 

although there was no evidence of increased variability in progeny from these 

populations (Fig. 3.2). 

By contrast, populations from the eastern shore of the River Derwent (RRR, SAR and 

FOR) and EBR to the North displayed less genetic divergence from the core 

'Government Hills' E. risdonii phenotype than expected. 

Interspecific phenetic distance 

The inclusion of several populations of each of the two closest species (E. coccifera 
and E. nitida) in another discriminant function analysis indicates that the outlying 

population, LBI, deviates in the direction of E. coccifera in seedling characters (Fig. 

3.9) as well as in fruit morphology. In contrast, one population identified as E. 
coccifera (ATR) (Shaw et al. 1984) showed an affmity with the E. risdoniil

tenuiramis complex. This population occurs beyond the range of E. tenuiramis 

illustrated in Fig. 2.1 and at a higher altitude (1000 m) than that in which E. 
tenuiramis is normally found (0 - 600 m). One other E. coccifera population (MP) 

was included in the progeny trial because of observed similarity to E. tenuiramis, with 

gene exchange between the two species cited as a possible cause (Shaw et al. 1984). 
This analysis does not support such an origin of the distinctive M P phenotype; it is 

more likely to have arisen by introgression from another another sympatric species, E. 

pulchella. 

The phenetic distance between population clusters and species is summarized in a 

dendrogram in Figure 3.10. The integrity of the identified phenetic clusters was 

maintained with the addition of E. coccifera andE. nitida populations, which serve as 

a scale of interspecific distance. The marked genetic difference between the East coast 

phenotype and the other E. risdoniiltenuiramis clusters is less than the distance 

between species, but greater than the distance within each of the other taxa. Using this 

clustering schedule, the ATR E. coccifera population was linked to the E. 

risdoniiltenuiramis before the other E. coccifera populations, whereas the LBI 

population showed greater affinity to the E. coccifera. These populations are clearly 

intermediate in seedling morphology between the two taxa. 
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Discussion 

Seedling characters as an estimate of genetic variation 

Progeny trials have frequently been used to minimize the environmental and 

ontogenetic variation inherent in studies of adult phenotypic variation, thereby 

obtaining a closer approximation of the genetic variation within and between species 

(e.g. Pryor 1957; Barber and Jackson 1958; Ladiges and Ashton 1974; Phillips and 
Reid 1980; Shaw et al. 1984; Potts and Reid 1985b; Wiltshire and Reid 1987; Potts 

1989; Kottek et al. 1990), and the diagnostic importance of seedling morphology has 

been emphasized many times (e.g. Maiden 1922; Pryor 1951; Brooker 1979; 
Marginson and Ladiges 1982). Indeed, Ladiges etal. (1981) proposed that 

differences in seedling morphology between E. ovata and E. brookerana were 

sufficient to justify recognition of these taxa at the specific level and, similarly, 

Marginson and Ladiges (1982) based analyses of geographically disjunct forms of E. 

nitida on seedling and juvenile morphology. 

That is not to say that the pattern of variation based on adult phenotypic characters 

should be ignored. There are some instances where seedling characters provide 

different estimates of the genetic variation between populations than adult phenotypic 

variation. For example, in splitting E. arenacea from E. baxteri, Marginson and 
Ladiges (1988) considered the divergence in seedling morphology of more importance 

than the similarity of adult phenotype. By contrast, Kottek et al. (1990) considered 

the E. mackintii adult form sufficiently different from E. macrorhyncha to elevate it to 

specific rank despite the two having indistinguishable seedling morphologies. Potts 

7 .('0' ~, and Reid (1985b) also found some populations in th~,,~;.?\~~niilarcheri complex to be 
, (" ~ (~,(,'J more differentiated in the adult than in the juvenile~hereas others that appeared similar x 

C in adult morphology were clearly differentiated on seedling characters. However, 

these were considered to be anomalies, arising from a large environmental effect on the 

adult phenotype, producing both apparent convergence and divergence. 

Generally, within Eucalyptus species, there is a strong association between variation 

in adult phenotype and genetically based variation in the phenotype of glasshouse

grown seedlings, at least at the population level (Potts 1989 and references therein). 

This was found to be the case in E. risdoniiltenuiramis, although it was necessary to 

remove the source of ontogenetic variation. The inclusion of the morphological 

variation in the petiolate leaf served onl y to obscure the relationship/between ' 
'" 

populations. There was a close congruence between phenetic groups, suggesting that 
a strong genetic basis underlies the pattern of variation observed in the connate, 

juvenile leaf and fruit morphology observed in E. risdoniiltenuiramis populations. 
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Pattern a/variation in the E.risdonii/tenuirdmis camp/ex 

The present taxonomic treatment that divides the E. risdoniiltenuiramis complex into 
distinct taxa on the basis of ontogenetic differences is an inadequate description of the 

range of genetic variation between populations. Even the inclusion of an intermediate 
form does not enable the clear separation of populations. The pattern of variation is 
best described as five phenetic groups rather than two, with the major dichotomy not 

between forms that can be assigned to E. risdonii or E. tenuiramis, but between a 
geographically isolated form of E. tenuiramis, the 'East Coast' E. tenuiramis, and the 
other phenetic clusters. Indeed, the genetic variation between geographically 

contiguous populations of E. risdonii and E. tenuiramis is relatively small and 
appearS to be continuous, so that populations that differ markedly in ontogeny and 
consequent adult leaf type, but are similar in seedling morphology, comprise a single 
phenetic group, found on the 'Eastern shore' of the Derwent. This cluster differs 
slightly from the only group that is identifiable as E. risdonii, two populations from 
'Government Hills'. 

These populations are the closest to Risdon «1 km) and are probably the source 
("Risdon on the Derwent") of the biotype from which Hooker (1847) described the 
species. These populations (GHHI and GHFH) exhibit the greatest retention of the 
connate, juvenile leaf type, and have a mallee habit. Although the analysis of the 

environmental parameters (Chapter 2) did not confmn it, the habitat occupied by these 
populations is the most extreme in the complex, with high insolation loads, exposure 
to wind, poor, skeletal soil and frequent disturbance by fire. This constant disturbance 

has magnified the phenotypic difference between these populations and the remainder 
by maintaining a much higher proportion of juvenile foliage, constantly removing 
organic matter and nutrients from the soil and thereby restricting growth rate, and 

inducing the mallee habit. Consequently, they appear to differ markedly in form and 

habit but the genetically based differences between this phenotype and the 'Eastern 
shore' continuum of E. risdoniiltenuiramis populations are small and merely the end 

point of a cline. 

The other two phenotypes are two forms of E. tenuiramis, one group with a 'Central' 

distribution, including populations on the western shore of the Derwent, the other 

representing more geographically 'Extreme' populations. Indeed, the pattern of 
genetic variation in the complex can be summarized as a core of the 'Government 
Hills' E. risdonii phenotype with populations becoming progressively more dissimilar 
with geographic distance from that point. 
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Geographic and phenetic distance 

, Genetic variation is not continuous between all populations, however, for there is 
local spatial or morphological steepening of the cline between populations. For 
example, the Central E. tenuiramis populations, such as HR, AC, and BCD, show 
greater differentiation from the Government Hills phenotype than would be predicted 
on the basis of geographical separation. Such differences may be attributable to 

steepening of environmental factors, such as an increase in rainfall in the foothills of 
Mt Wellington (HR) which dominates the rainfall pattern of the western shore but not 

the eastern shore of the Derwent, an easterly rather than northwesterly aspect CAe), or 
a dolerite rather than sedimentary substrate (BCO). Alternatively, this increased 
divergence may reflect barriers to gene flow imposed by [he River Derwent or, 
conversely, introgressive hybridization from sympatric species. 

There is no evidence of increased variability in the progeny from these populations, 
suggesting that introgression has not been the source of these morphological 
differences. Similarly, the two populations RYBH and GHNH are well within the 

estimated range for gene flow from the Government Hills populations (8.2 km 
presents a moderately so-ong barrier. Potts 1986) but their phenetic distance is 

relatively large. Both populations have unusual, southerly aspects that convey water 
relation advamages over the more typical north or northwesterly aspects (Kirkpatrick 
and Nunez 1980). Conversely, although EBR is probably reproductively isolated from 

the core Goveffi!T1ent Hills populations, the seedlings displayed less genetic divergence 

frorn;th~ ~;(p~ted This population is some 25 km inland and to the north of the 
__ &. , \.0 .. . "' \.-_O' ~ 

other populations of th<;',$S)phenetic cluster, but the aspect and soil types are very 
similar to the other ES populations. Thus it appears that the close adaptive response of 

populations to their environment, a common characteristic of most eucalypt species 
(Pryor and Johnson 1971), is also of primary importance in determining the pattern of 

variation in the E. risdoniil tenuiramis complex. 

Relationship between E. coccifera and E. tenuiramis 

In recent studies of the patterns of geographical and morphological variation in 
eucalypt species (ie. Shaw et al. 1984; Potts and Reid 1985 a,b; Marginson and 

Ladiges 1988; Potts 1989) the emphasis has not only been on ecological determinants 

but on historical factors. Potts and Jackson (1986) suggest a pattern of waves of 

migration of eucalypt species as habitats are displaced with climatic fluctuation, with 
species migrating downslope to glacial refugia with the onset of an iceage and 
advancing upslope in intervening interglacials. 

Shaw et al. (1984) suggest that the presence of small relic populations, or their 

"genetic remnants", on relatively low peaks in the south and east of Tasmania (e.g. 
Middle Peak) may be due to these populations being "trapped" on these islands in a sea 
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of surrounding lowland Eucalyptus species, persisting in a sub-optimal habitat but not 

yet displaced by other species. They suggest that such small isolated populations under 
non-optimal conditions may be vulnerable to introgressive hybridization by 

surrounding lowland species such as E. tenuiramis and E. amygdalina. 

Despite some superficial similarities to E. tenuiramis, the Middle Peak (MP) 
population does not appear to be intermediate between E. cocci/era and E. 
tenuiramis; the cause of its differentiation from the E. cocci/era type lies in another 
direction, most probably E. pulchella. However, the Lunawanna E. tenuiramis 
population does have clear affinities with E. cocci/era in fruit morphology and in 

many seedling characters. This appears to be a 'phantom hybrid' population (Pryor 

1955), containing "genetic remnants" of E. cocci/era, assimilated into the gene pool of 
these E. tenuiramis populations (e.g. Harlan and de Wet 1963) during a period of 

sympatry following the last glaciation. It is unlikely, however, that this source of 

morphological differentiation is a product of historical gene exchange alone. Potts and 
Reid (1988) have suggested that, in the presence of sufficiently strong selective forces, 

hybrids are capable of resurrecting the original phenotype of one parent in only a few 

generations. In the absence of continuing genetic input from E. cocci/era, this 

suggests some selective advantage to the incorporation of parts of the E. cocci/era 
genome. 

The A TR popUlation is geographically isolated from both species (although it is closer 

to E. cocci/era) and might also be described as a phantom hybrid population. An 
alternative explanation for its intermediate morphology might be that it represents the 
common ancestral type. However, it is more likely that the affinity of the ATR E. 

cocci/era to E. tenuiramis represents intergradation between the lowland E. 
tenuiramis and the high altitude E. cocci/era. These altitudinal differences and 

distinct edaphic preferences of the two species (Permian mudstone or Tertiary 

sandstone vs. Jurassic dolerite) ensure the sharp delineation of specific boundaries 

over much of their respective ranges, but the intermediate morphology of ATR suggests 

the existence of ecotonal areas at the extremes of each species range where genetic 

exchange occurs with a consequent blurring of specific identity. 

These two possible sources of intergradation between E. tenuiramis and E. cocci/era, 
'genetic remnants' of past introgressive hybridization and contemporaneous 
hybridization, merit further examination, possibly with an intensive phenetic study of 

the E. tenuiramis populations on Bruny Island and the Tasman Peninsula and an 

extensive survey of populations of each species that may have had recent genetic 
contact, perhaps in the vicinity of Snug Plains, Mt Wellington, the Mt Field National 

Park and along the southern rim of the Central Plateau. 

, 



Table 3.1 

Population Univer:;al grid N,. N,. 
",. t", code ElW NtS mothers seedlings 

I R GHHl Government Hilll 5270 52583 10 46 
2 R GHFH Fishers Hill 5274 52574 9 33 , R GHH2 Government Hill 2 5269 52593 9 35 , R lITOl Tranmere 5341 52508 10 45 
5 R HKH Knopwood Hill 5328 52540 10 42 
6 R MRTIl Tunnc1Hill 5339 52558 10 34 
7 R GHNH Natone Hill 5280 52561 II 50 
8 R HRA Howrah Rec. Area 5329 52534 10 44 
9 R MROI Meehan Range 01 5321 52554 9 32 
10 R RVH' Risdon Vale Hill 3 5296 52612 10 42 
II R RVH2 Risdon Vale Hill 2 5293 52608 9 42 
12 RT DH Downh:uns Hill 5311 52649 21 77 
13 RT RVH4 Risdon Vale Hill 4 5299 52615 20 92 
14 RT MRSH Simmons Hill 5329 52578 19 68 
15 RT RVEH Eagle Hill 5314 52597 9 34 
16 RT HRH Rokeby Hill 5345 52493 29 126 
17 RT MRGH Golden Hill 5336 52579 19 82 
18 T FOR Forcen 5555 52587 9 37 
19 T GBH Gathering Bush Hill 5311 52630 9 32 
20 T RRR Rille Range Road 5394 52429 10 39 
21 T SAR South Arm Road 5408 52417 9 40 
22 T GHR Grasstree Hill Road 5306 52635 9 37 
23 T RVBH Blacksmiths Hill 5283 52620 9 41 
24 T ACf Acton 5391 52541 9 34 
25 T EBR East Bagdad Road 5206 52836 10 48 
26 T AC Alum Oiffs 5276 52428 9 36 
27 T TB Tinderbox 5274 52334 9 36 
28 T HR Huon Road 5237 52497 10 39 
29 T BCO Black Charlies Opening 5432 52752 9 31 
30 T HF Hoogry Rats 5393 52951 9 45 
31 T RB Randalls Bay 5086 52114 8 25 
32 T LBR Lovely Banks Road 5207 52992 9 20 
33 T CH Cape Hauy 5806 52226 7 8 
34 T LBI Lunawanna 5180 51978 9 22 
35 T HTR Hollow Tree Road 4935 52903 9 37 
36 T GH Green Hill 5i05 53075 9 21 
37 T BGP Buryinground Point 4988 51902 8 30 
38 T SlR Strickland 4716 53047 9 36 
39 T FBR Friendly Beaches Road 6058 53468 10 40 
40 T BICH Bicheno 6075 53626 9 30 
41 C MW Mt Wellington 5198 52497 9 42 
42 C PL Pine Lake 4757 53784 9 48 
43 C ATR Alma Tier Road 5055 53355 7 34 
44 C MP Middle Peak 5674 52698 , 19 
45 N PD Port Davey 4322 51922 6 27 
46 N PII Flinders Island site 1 6060 55600 6 28 
47 N FI2 FlindersIsland site 2 5860 55650 , 14 
48 N PO Flinders Island site 3 5774 55750 , 15 
49 N PI, Hinders Island site 4 57iO 55980 5 25 

Total :!S:! 12:!Q 



Table 3.2 Codes and descriptions of characters scored from seedlings in the progeny trial. 
The transformations applied to optimize homogeneity of variances and normality of residuals 
are given, as are the variablesremainingln the step-down discriminant analysis of the 40 
E. risdonii and E. tenuiramis populations (E.risdoniiltenuiramis) and in the analysis 
Including the 4 E. coccifera and 5 E. nitida populations (All species). 

Cod, Character description Transfonnation E. risdoniil All species 
renuirarnis 

Seedling leafcharacrers 
2nd node lwf(cots = 0) 
LL2 Lamina length (rnm) none 
LW2 Lamina width (rnm) none 
LWP2 Lamina length to the widest poinl (mrn) LWP2/LL2 
CONN2 Length of fusion of the leaf base lO the stem logx 

or to the op~ite leaf (mm) 
LAMTH2 Lamina thickness (0.001") log x 

Juvenile leaf characrers 
5rh node leaf 
LL5 Lamina length (rnm) logx + + 
LW5 Lamina width (rnm) LW5/LL5 + + 
LWP5 Lamina length to the widest poinl (mrn) logx + + 
CONN5 Length of fusion of the leaf base lO the stem none + + 

orto the opposite leaf (mm) 
LAMTH5 Lamina thickness (0.1 mm) none + + 
DENT5 Dentate lamina margin (0 entire - 2 toothed) 000' + + 

lOrh node leaf 
LLlO Laminalength{rnm) log x + + 
LWIO Lamina width (rnm) none + + 
LWPIO Lamina length to the wideSl poinl (rnm) LWPIO/LLlO + + 
CONNIO Length offusion of the leaf base lO th e stem none + + 

orto the opposite leaf (mm) 
LAMTIlIO Lamina thickness (0.1 mm) none + + 
BASEIO Basal measure (rnm) log (x+l) + + 
APEXIO Length of the apex, if apicuiate (mm) APE'{lO/LLlO + + 
DENTlO Dentate lamina margin (0 entire· 2 toothed) 'x + + 
OILGL Oil gland density (0 none · 4 many) 'x + + 
CREN Crenulation of the lamina margin none + + 

(0 entire· 2 crenulate) 
COLOUR Lamina colour (0 green· I blue) none + + 

Srern characrers 
HT Height at 3 months (em) none + + 
NODES Number of nodes expanded at 3 months 000' + + 
PROPLAT Proportion of axillary buds on the main Slem asin-Jx + + 

developing lalerals with> I node fully expanded 
VERR Density of venucae (oil glands) on the seedling stem none + + 

(0 smoolh - 2 muricate) 
ANTH Anthocyanin pigmentation on Slem log (x+l) + + 

(0 green· 2 red/purple) 
INTERIO Internode length measured across nod e 10 (mm) none + 
lNTRAma Maximum intranode length (mrn) none 

Orhers 
GLAUC Malcimum seedling glaucousness none + + 

(0 green· 4 glaucous) 
CONNlst Node of the firSl connate leaf pair "x + 
CONNlast Node of the last connate leaf pair none 
ALTlst Node of thefirSl alternate leaf pair 000' 

PETlst Node of the first petiolate leaf none 



Table 3.3 (a) Grand means and (b) standal'd devlallons or untransrormed seedling characters ror the 4(} E. risdonilltenuiramis populallons (R, RT & T), 
4 E. cocclfera populallons (C), and 5 E.nltlda populallons (N). Population and character cOdes are given III I able 3.1 and 3.2, respectively. 

(,) 

1:!!~I .. io!l N,. LL5 CW LWP CONNLAMTt cc CW LW~ CONN BASE APID{ eAMT!: HT NOOES PROP INTER COLO[lRR[lGOS~ ANn! COROATE OENT OENT OILGL CRa::! GLA[l( VERR CONN 
DB code type grn!iOll , , , , , 10 10 10 " 10 " !G I Ar 10 , 19 IS! 

I Glnll R '" 33 " 
, 28 , .. " " • 28 I.J J.4 '.6 " IS 0.06 '.2 0.6 I" 15 0.2 0.6 0.2 0.' 0.7 2.' 0.0 2" 

2 GHffi R 33 J4 " 
, 27 '.6 J4 33 7 27 0.' 2.0 '.1 II 14 0.06 ••• 0.6 I., I.J 0.1 0.7 0.1 0.' 0.' 2.2 0.0 2.2 

J GIlli2 R " " 33 , 28 '.4 J4 J6 7 SO 1.2 I.J '.J " IJ 0.03 '.J 0" I., 1.2 0.0 0.7 0.4 0.4 0.' 2.2 0.0 2.4 
4 Hrol R 4l " " " 28 '.2 " J6 • 28 I.J I.' ••• " Il 0.02 '.7 0.2 0.' IA 0.1 0.' 0.0 0.0 0.6 2.2 0.0 2.4 , I!K2l R 42 '" 41 " " '.7 '" " , " 1.0 2.' '.2 6l Il 0.01 ,., 0" 1.0 IA 0.1 0.7 O.J 0.0 0" 2.1 0.1 2.2 
6 MRTII R 34 " J7 , 2l ,., J7 " • 26 15 2.' 0.4 II 13 0.01 10.1 0.4 1.4 1.2 0.1 0.4 0.0 0.2 0.7 25 0.0 14 
7 GRNH R SO '" '" " 27 '.J '" 26 , 28 1.1 2.0 '.0 50 14 0.03 , .. 0.4 1.1 15 0.0 0.7 0.1 0.1 0.' 2.2 0.1 2.J 

• HRA R " '" 41 10 28 '.1 '" J6 , 28 0.' 2.J '.0 " 14 0.02 10.2 0" 1.1 I.J 0.0 0.7 0.2 0.4 0.' 2.1 0.0 2" , MROI R " '" " 
, 28 .. , '" " • 28 1.2 2.J '.0 56 13 0.00 '.7 0" 1.4 1.2 0.1 0.6 0.0 0.1 0.' 2.2 0.0 2" 

10 RVH3 R 42 44 46 II 28 '.2 4J " " SO I.J J.2 '.6 " 14 O.ol 10.5 0.4 I.J 1.1 0.1 0.' 0.1 0.' 0.' 2.2 0.0 2" 
II RVH2 R 42 '" '" 10 2J " " 33 , 24 1.4 J.4 '.0 " 14 0.01 , .. 0" 1.7 I.J 0.1 0.7 0.2 0.6 0.6 2.J 0.0 2" 
12 DH RT 77 J7 J7 10 2J ,,, 

" 33 , 2l 1.1 2.' '.7 12 13 0.00 .. , 0.' 1.4 1.2 0.1 0.4 0.0 0.2 0.6 2.J 0.0 2.4 
13 RVH4 RT ~ 46 49 II 27 " 46 " 10 28 1.4 J.I '.J ... 14 0" 10.1 0.' 1.6 1.2 0.1 0.' O.J 0.6 0.' 2.2 0" 2.4 
14 MRSH RT ~ " " 10 2l " " " 

, 26 IA 2.7 '" " 14 0,01 ,,, 0.6 1.6 1.2 0.0 0.' 0.1 0" 0.6 2.J 0.0 2.4 
Il RVEH RT 34 " J7 10 2l , .. J7 33 , 26 1.1 2.7 '.6 " II 0.01 '.6 0.' I.' 11 0.1 0.' 0.1 0.1 0.7 2.1 0.1 2.4 
16 HRH RT 136 41 42 10 27 ,. '" 26 , 28 1.1 I.' , .. " 14 0.03 , .. 0.4 1.0 I.J 0.0 0.7 O.J 0.1 0.' 2.2 0.1 2.4 
17 MRGH RT " 4J 4l II 27 '.7 42 " 

, 
" 1.4 J.O '.1 " 13 0.05 '.7 0.' 1.6 I.J 0.1 0.6 0.2 0.' 0.7 2.4 0.1 2.J 

18 FOR T J7 41 4J 13 24 '.0 44 33 10 2l 1.0 2.2 .. , 56 II 0.00 '.6 O.J 1.1 1.2 0.1 0.' O.J 0.4 0.6 2" O.J 2.' 
19 GBH T " J7 J7 10 21 '.7 " 33 10 21 I.J 2.6 ,., " 14 "'0 " O.J I.' 1.2 0.2 0.' 0.2 0.' 0.6 2.J 0.0 2.J 
W RRR T " 46 48 II 26 '.J 4l " 

, 26 I.' U '" " 14 0.01 10.0 0.2 I.' I.J 0" 0.' 0.2 0.7 0.' 2.2 0.0 2.4 
21 "'R T '" 49 " IJ 29 10.0 49 41 10 SO 1.7 J.I , .. 68 14 0" 10.9 0.4 1.4 I.J 0.1 0.7 0.2 0.7 0.6 2.2 0.1 2.4 
22 GHR T J7 42 4l II 24 , .. 41 " , 22 1.0 2.0 ,., 56 14 0.01 '.2 0.6 1.6 1.4 0.1 0.' 0.2 0.4 0.6 2.2 0.0 2.' 
2J RVBH T 41 46 48 II 2l 10.1 4l J6 10 24 I.J J.O '.7 " IJ 0.01 , .. 0.4 1.2 1.2 0.2 0.' 0" 0.0 0.6 2.J 0.1 2.4 
24 AC! T 34 46 49 II 26 '.6 48 J7 II 2l 0.' 2" ,., 61 14 0" 10.2 0.6 I.J I.J 0.0 0.6 0.1 0.' 0.4 2.2 0.1 2.' 
2l EBR T " 42 4J '11 22 ,., 4J J4 II 21 1.6 2.6 '.J " IJ 0.03 10.4 0.' 1.4 1.2 O.J 0.6 0" 0.1 0.4 2.J 0.2 2.7 
26 AC T J6 1I " II 24 , .. " '" 13 2l 1.7 I.' '.J 66 IJ 0.07 11.1 0.6 I.' 1.2 0.1 0.6 0.2 O.J 0.' 2.J 0.2 2.7 
27 m T " 53 " 13 21 '.2 1I " II 2l 1.3 1.4 '.2 " IJ 0.08 IOJ 0.' I., 1.2 0.2 0.7 0.2 0.2 0.' 2.1 0.2 2.i 
28 HR T " 47 48 II '" '.7 48 " 10 19 I.J I., '.J " IJ 0." 10.1 0.' I.' 1.0 0.1 0.7 0.1 0.2 0.4 2.2 0.0 2' 
29 BCD T JI " 61 IJ '" '.4 " " IJ '" I.J 2.2 '.J 71 14 0." 11.1 0.4 I.' 1.1 0.2 0.6 0.1 0.1 0.6 1.8 0.4 J.O 
"IIF T 4l " " IJ '" " " J6 12 22 I.. 1.8 '.4 68 IJ 0.05 Il.S 0' 1.4 I.J O.J 0.' 0.2 0.1 0.4 2.2 0.2 2.' 
JI RB T 2l 1I " IJ 10 '.7 12 SO 13 • 1.1 2.' '.4 71 14 0.12 10.8 0.4 1.0 I.J 0.2 0.6 0.0 0.2 0.' 2.1 0" 2.' n LBR T '" 12 " IJ IJ 10.0 12 29 II II 0.' 2.J 10.4 71 Il 0.03 11.5 0.4 1.6 15 0" 0.4 0.2 0.0 0.2 I.' 0.0 J" 
33 rn T • " 79 18 II ,., " 4J 18 , 4.1 2.J 10.0 7l IJ 0.08 12.9 O.J 0.7 1.1 0.7 0.' 0" 0.1 0.4 1.1 0.0 J, 
34 LBI T 21 " 41 II II '.J '" " II 10 1.1 1.2 , .. " IJ 0.11 10.6 0" 2.0 15 0" 0.' 0.' 0.0 0.1 0.' 0.7 3.4 

" HTR 
T J7 " " 13 14 10.3 12 J4 13 II 0.' 1.7 10.6 " Il 0.12 11.9 0" 0.' 1.6 0.2 0.' 0.1 0.0 0" 2.J 0.0 J.J 

" GH T 21 12 " 13 14 10.4 " " 14 13 15 2.6 10.3 70 " 0" 11.9 0.' I.' IA 0.' 0.4 0.0 0.2 O.J 1.8 0.0 J.' 
37 BGP T SO " " Il Il ,6 II 33 IS IJ 1.1 1.7 '.7 77 14 0.13 Il.S 0.4 0.' 1.2 0.' 0.4 0.0 0.0 0.2 2" 0.2 J.O 

" SI'R T " 47 12 IJ 16 '.7 48 " II 13 1.2 2.' 10.4 74 14 0.17 IU 0.' 1.4 I.J 0" 0.4 0.1 0.' 0.6 2" 0.0 2.' 

" FBR T '" 74 '" 16 W , .. 76 " 17 17 I.J J.J ,., 77 IJ 0.05 13.4 0.2 0.2 1.2 0.' 0.1 0.0 0.0 0.0 2.0 0.0 2.' 
40 BICH T " 74 91 17 II ,,, 74 J7 17 • 1.7 2.2 ,., 74 IJ 0.12 13.5 0.4 0.1 1.1 0.' 0" 0.0 0.0 0.1 I., 0.0 J.O 
41 MW C 42 JI " II 6 ,., 29 24 II , 1.2 1.4 10.8 " Il 0.27 7.J 0.' J.O 1.0 0.' 0.' 0.7 0.0 0.0 1.0 1.0 ,. 
42 PL C " JI 33 II 4 , .. " '" II J 0.7 I.. 10.6 " 14 0.18 7.J 0.' J.O 1.0 1.0 1.0 0.' 0.0 0.0 1.0 1.0 ,. 
4J ATR C 34 41 44 II 6 11.0 " 2l II , 

I.' 2.4 11.7 " Il 0.19 '.4 0.6 0.' 1.1 0.' 0.' 0.1 0.0 0.2 1.7 0.0 ,. 
44 MP C 19 1I " Il , 

'.2 48 21 12 J 0.' I.' ,., 7J Il 0.40 10.9 0.4 J.O 1.0 0.0 0.' 0.' 0.0 0.1 1.0 1.0 ,. 
41 PO N 27 77 107 2l , 10.9 69 26 2l J 0.7 2.' 12.0 74 II 0.11 12.4 0.1 I.J 1.1 0.2 0.' 0.1 0.0 0.2 0.' 0.0 ,. 
" HI N 28 84 117 2S , 11.6 " 42 26 6 1.7 4.2 11.7 ~ II 0.13 ILl 0.' 2.7 I.J 0.1 0.' 0.1 1.6 0.7 1.0 0.6 M 
47 FI2 N 14 91 127 2S 6 10.9 78 " 24 4 0.7 J" 11.4 " II 0.13 10.3 O.J 2.7 1.0 0.4 0.7 0.1 2.J 0.6 1.0 0.' ,. 
48 F13 N Il 81 106 '" • Wj SO JI 2l , 

0.' J.' 10.8 ... II 0.21 10.8 0.2 2.i 1.1 0.0 1.0 0" 2.J 0.' 1.0 0.7 ,. 
49 H4 N 2l 72 86 16 7 10.1 72 SO 19 6 IA 4.2 10.2 61 II 0.15 10.2 O.J 2.1 1.1 0.4 0.7 0.4 0.1 0.4 " 0.6 ,. 



(b) 

~ol!!!!OIi<>n No. u.s cw Lwll cONN(Ai;rno: [c [w LWP CONN BASe APEX LAM1E !IT NOI51!~ r!!:op Iih~1!: COLOUR RUGOSE AN'I''ii CORDA n DENT DENT OILGL CREN GLAUC VERA CONN 

no, me type leed1jrn , , , , , 10 19 IQ 10 " to 19 LAX 1" , 
" lSI 

1 "Ill" R " 1.3 '.1 U , .. 0.54 U 5.3 1.' " O.ll 0.01 0.7S 12.9 >.0 O.Ol 1.15 0.27 0.15 0,08 0.05 0,)1 0,08 0.10 0.28 0.21 '.06 '.06 , G!lFH R " 1.1 '.1 1.1 3.3 0.45 1.1 3.1 1.1 3.' 0.41 0.02 '.49 ,., 11 0.01 1.54 0.36 '.46 0.11 0.12 O.lO 0.10 0.08 O.IS 0.26 O.ll ,~ 

3 GHH' R " 1.1 '.1 1.1 4.' 0.71 1.1 4.3 1.' 4.3 0.42 0.02 0.81 .. , 1.' om IA4 0.2S 0.40 0.08 0.07 0.19 0.07 0.10 OJ) 0.19 0.11 0,07 

4 !IT01 R 45 1.1 '.1 1.1 , .. 'S' J.J 4.' 1.' 4.4 ,.44 0.03 0.84 IOJ 1.3 0.01 !.l0 0.20 0.30 0.14 O.ll OJ7 O.ll 0.07 0.l5 0.27 0.05 0.07 , HKH R " 1.1 '.1 1.1 3.0 0.59 1.1 J.4 11 3.' 0.19 0.01 0.54 ,.. '.1 0.01 1.13 0.20 0.36 0.16 0.07 0.2S ,~ 0.12 0.24 0.2S 0.11 0.05 , MRTI< R " 1.1 '.1 1.1 3.' D,n J.J H 1.1 3.1 '" 0.02 0.43 1.1 1.1 0.01 I.IS 0.2l 0.39 0.11 0.11 O.ll O.Ol 0.15 '.35 0.14 0.08 0,06 

1 GHNH R " 1.1 '.1 1.1 '.3 0.60 1.1 3.1 1.' 4.' 0.41 0.02 0.94 11.1 1.3 0.02 1.6) 0.27 ,.~ 0.10 0.07 0.2l 0.08 0.20 0.19 0.20 O.IS 0.08 

• HRA R " 1.1 '.1 1.1 " 0.70 L1 3.' , .. 11 '.34 0.02 0.94 1.1 , .• 0.02 '.3JJ 0.17 0.S2 0.09 O.Ol 0.24 0.12 0.24 0.19 0.16 0.00 0.07 

• MROI R " J.J '.1 J.J 3.l 0.52 J.J 4.' , .. 3.' O.SI O.Ol 0.75 10.7 1.1 0.01 I" 0.25 O.SI 0.10 0.07 0.40 ,.OS 0.18 0.16 0.17 '.00 0.07 
10 RVHl R " 1.1 '.1 U 3.l 0.6l J.J ,., 1.' 3' 0.26 0.01 0.71 .. , 1.' 0.02 1.6l 0.27 0.46 0.09 0.08 0.1I 0.10 '''' 0.15 O.ll 0.08 0.06 
II RVH2 R " 1.' '.1 J.J 4.1 ". J.J 3' 1.' 3.' 0.42 O.Ol 0.51 1.' 1.' 0.02 1" 0.19 OJ2 0.10 0.11 0.17 '.09 0.18 0.19 0.26 0.06 0.08 
Il DH RT 11 1.1 ,., 1.1 4.' 0.58 J.J 4.4 , .• 4.' OJl 0.02 0.84 , .. 1.' 0.01 1.20 OJ2 0.42 0.10 0.08 0.24 0.08 O.ll OJ5 O.ll 0.05 0.07 

" RVH4 RT " 1.1 '.1 1.1 '.4 0.81 J.J 4.3 1.1 '.3 0.28 0.02 0.8l '.3 1.1 0.02 1.14 0.24 0.28 '.09 0.08 0.16 0.09 0.08 0.19 ,.~ 0.10 '" 14 MRSH RT " 1.' '.1 1.1 4J 0.59 J.J 4.1 1.3 3' OJ7 0.02 0.80 10.9 1.' O.Ol 1.24 0.28 '" 0.12 0.07 0.25 0.07 0.19 O.lO 0.24 0.09 0.07 

l' RVEH RT J4 1.' '.1 1.1 , .. 0.59 J.J 4' , .• 4.1 0.26 0.02 0.78 '.1 10 0.02 1M '.34 '" '.09 0.07 '" 0.1l 0.25 '.35 0.14 0.17 0.06 

l' HRH RT 136 1.1 ,., 1.1 3.1 0.47 J.J 4.3 1.' 3.1 0.41 0.02 0.72 11.9 1.' 0.01 lAO 0.1I OJl 0.10 0.05 0.1I 0.06 0.10 0.l5 O.ll 0.1l 0.06 
17 MROH RT " 1.1 '.1 J.J 4.3 0.8l J.J 4.' 1.' '.1 0.29 ,m 1.02 •. , 1.' 0.02 IJ5 0.29 0.44 0.11 0.09 0.29 0.07 0.16 0.36 0.26 0.10 0.07 
I. roR T " 1.1 '.1 1.1 4.1 0.81 J.J 3.1 1.' 4.' 0.4l 0.02 0.80 ,., , .. 0.01 0.85 O.ll 0.46 '.06 0.06 0.16 0.10 O.Ol O.ll 0.25 0.28 0.05 
19 OBH T " 1.1 '.1 U 3.' '" 1.1 3.' 1.3 3.1 0.46 0.02 0.58 ,.4 , .. '.00 1.16 0.25 0.37 0.15 0.11 0.20 O.ll 0.15 OJ2 0.26 0.00 0.08 

" RRR T " 1.' '.1 U 4.4 0.65 J.l " 1.' 4.1 0.56 0.02 1.15 10.8 1.1 0.01 1" 0.18 0.l8 0.1l 0.11 0.09 0.18 O.ll OJ2 0.16 0.06 0.07 
n SAR T 40 1.1 ,., J.J 4.3 0.41 1.1 ,., I.' 4.' 0.59 ,m '.66 '.1 1.3 0.02 l.l6 0.1I 0.27 0.10 0.07 OJ4 0.11 0.07 0.1I 0.26 0.18 ,OS 
II OHR T " 1.1 '.1 U 3.' 0.62 1.1 ,., , .• l.6 OJl 0.02 0.71 ,., 1.' 0.01 !.ll 0.15 0.41 0.08 0.07 0.29 0.11 0.20 O.ll 0.59 0.07 0.08 

" RVBH T 41 1.1 ,., 1.1 3.5 0.61 1.1 ,., 1.3 4.' 0.34 0.02 0.75 10J 1.3 0.02 1.51 0.1I 0.l8 0.06 0.05 0.17 0.1l 0.08 0.27 0.27 0.14 0.06 
34 ACI T 34 1.1 ,., 1.1 4.' 0.80 J.J 3.1 1.3 '.1 OJO 0.02 0.55 '.1 , .• 0.02 I.ll 0.24 0.41 0.10 O.ll 0.29 0.14 0.10 0.27 0.17 O.ll 0.07 
25 P..BR T 48 1.1 ,., 1.1 3.3 'S' 1.1 3.' U 3S 0.24 0.02 '.3JJ 10.0 J.5 0.02 1.09 0.28 '.34 0.09 0.06 O.lO '.06 0.1l '.35 0.20 0.28 0.01 

" AC T ~ 1.1 '.1 1.' 3.' 0.24 J.J 3.5 1.' 4.1 0.46 0.01 0.71 11.2 I.' 0.02 lAO 0.2l 0.20 0.1l 0.09 O.ll 0.06 0.17 OJ2 0.27 0.1I 0.06 
)),. T " 1.1 '.1 1.1 4.' 0.70 J.J 4.1 , .• 4.1 0.25 0.01 1.31 10.1 1.1 O.Ol 0.79 0.24 0.41 0.09 0.1l O.ll 0.12 0.15 0.18 OJ7 0.19 0.07 

" HR T " 1.1 '.1 U 4.' 0.57 J.J 3.' 1.1 4.4 O.ll 0.02 1.02 ,.3 1.' 0.01 I" '.34 0.29 ,.., 0.09 0.26 0.1l 0.11 0.20 0.20 0.10 0.07 
29 BCO T " 1.1 '.1 U ,., OJ9 J.J '.1 1.1 " 0.42 0.01 0.8l 10.6 1.' 0.01 0.95 0.28 OJl 0.09 0.14 0.41 0.08 0.19 0.34 0.25 O.ll 0.09 

" !IF 
T 45 1.1 ,., J.J '.4 'S4 1.' J.l 1.' 3.1 0.27 0.01 0.60 '.3 1.1 0.01 0.88 0.24 0.S6 0.15 0.05 O.ll 0.11 0.20 '" 0.19 0.34 0.06 

3J RB T " 1.1 '.1 U '.4 0.41 J.J 4.' ,., l.5 O.ll 0.01 0.50 10.9 1.' 0.02 1.07 O.ll O.5l 0.08 0.08 0.14 0.05 0.39 O.ll 0.28 0.14 0.04 
II LBR T " 1.1 '.1 J.J 4.' '" J.J 3.4 1.4 '.4 0.27 0.01 0.73 11.8 " 0.02 1>' 0.24 0.25 0.14 0.09 0.37 O.ll 0.07 0.1I 0.17 0.08 0.08 

" CH T • 1.1 ,., 1.1 '.1 0.41 1.1 3.1 1.' 1., 0.17 0.01 0.72 " 1.' 0.01 0.75 0.29 0.25 '.09 0.01 0.29 0.08 0.11 O.ll 0.1I 0.00 0.05 
54 I.BI T " 1.1 0.1 1.1 3.5 0.40 1.1 3.' J.J 3.1 0.19 0.02 0.58 11.0 1.3 ,.'" lA' 0.20 0.l4 0.16 0.07 0.16 0.02 0.08 0.14 0.18 0.25 0.10 

" lITR 
T " 1.1 ,., 1.1 4.' 0.42 !.J '.4 1.' 4.1 0.25 0.02 0.84 1.' 1.3 0.02 0.70 O.ll 0.l6 0.09 0.15 O.ll 0.11 '.06 0.19 0.27 0.05 0.10 

36 OH T )] !.J ,., 1.1 3 .• '.66 J.J 4.1 1.4 ,., 0.34 0.02 1.16 •• 1.1 0.02 I.S4 O.lO O.ZS 0.14 0.08 OJl 0.08 0.19 0.26 0.24 0.06 0.10 
37 BOP T " 1.1 '.1 1.' '.4 0.44 1.' 4.' 1.' 4.4 O.ll 0.01 0.91 '.4 1.' 0.01 1.56 O.ll 'A' 0.09 O.Ol 0.27 '" '.00 0.14 OJ7 0.27 0.09 

" "" T " 1.1 '.1 1.1 '.4 0.55 J.J 3.' U 4.' OJ8 0.01 1.10 .. , 1.1 '.04 1.31 0.25 0.42 0.07 0.04 0.29 '" 0.02 0.20 0.2l 0.00 0.06 
19 FBR T 40 1.1 '.1 1.1 1.' 0.46 J.J 4' 1.' 1.4 0.24 0.02 0.80 10.7 1.' 0.02 1.31 O.ll 0.24 0.08 0.03 0.18 0.02 '.00 '.00 0.10 0.00 0.06 
40 BlQl T " 1.1 ,., 1.1 4.3 0.26 1.1 3.1 1.1 l.3 0.27 0.01 0.72 'J 1.1 0.02 1.38 O.ll O.ll 0.09 0.02 0.15 0.00 '.00 ,.., 0.16 0.00 '.04 
41 MW C " 1.1 ,., J.J 1.' 0.5l 1.1 l.6 , .. 1.' O.lO 0.02 0.86 10.6 J.5 ,m 1.31 0.18 '.00 O.Ol 0.11 0.18 O.Ol '.00 '.00 '.00 '.00 ~ 

42 PL C 48 1.1 '.1 U '.4 0.81 1.1 U ,., "' 0.27 0.02 I.ll 10.0 J.5 O.Ol 1.37 O.ll '.00 '.00 0.00 0.07 O.Ol '.00 0.07 '.00 '.00 ~ 

43 AIR C )4 1.1 ,., J.J IS 2.1l 1.1 3.l '.1 1.4 O.lO om 1.71 '.1 1.3 0.01 1" 0.17 0.19 0.09 0.00 O.ll 0.11 '.00 0.24 0.28 '.00 ~ 

44 MP C l' 1.1 ,., 1.1 1.3 1M 1.1 l.3 1.4 1.' 0.44 0.01 1.9l 11.0 1.1 0.01 1.47 0.4l '.00 '.00 0.00 O.ll '.00 '.00 O.ll '.00 0.00 0' 
45 PO N )) 1.' '.1 1.' ,. I.ll 1.1 , .. 1.' IS , ... 0.02 2.0l .. , 1.1 0.02 1.21 0.10 0.52 0.08 0.20 0.17 0.08 '.06 0.26 0.17 '.00 ~ 

46 Fli N • 1.' ,., 1.1 1.' ' I.lS 1.1 4.' 1.1 U 0.27 0.01 1.25 10.9 , .. ,m 1.89 O.ll O.ll 0.16 0.20 0.11 0.16 '.09 O.ll '.00 O.ll .. 
47 Fl2 N 14 1.1 ,., 1.1 l.4 0.41 1.1 l.3 J.l 1.1 OJO 0.00 1.02 10.6 1.1 0.01 1.39 0.1I 0.39 '.00 O.ll 0.17 0.27 0.01 0.15 '.00 0.1l .. 
48 R3 N l' 1.1 '.1 J.J 1.3 I.Il 1.1 '.3 3.3 '.1 0.17 0.01 1.40 10.6 1.' O.Ol 2.26 O.lO O.SO 0.08 0.10 '.00 0.17 0.08 0.21 '.00 0.47 .. 
49 Fl4 N " 1.1 '.1 1.3 l.5 0.95 1.1 ,., 3.3 1.1 0.40 0.02 0.72 12.2 J.l 0.02 1.S4 0.25 O.ll 0.06 0.18 0.l5 0.1l ,." '.35 0.08 0.4l .. 

• 



Table 3.4 (R), Intermediate (RT), 
the discriminant analysis 

populations are indicated""". 

Population No. Type Percentage or progenies 
,"", mothers classified Into tIlle: 

R RT T 

GHHl 10 R 90.0 10.0 0.0 
GHFH 9 R 88.9 III 0.0 
GHH2 9 R 88.9 III 0.0 
HTOI 10 R 80.0 20.0 0.0 
HKH 10 R 80.0 10.0 10.0 

MRTH 10 R 70.0 30.0 0.0 
GHNH 11 R 63.6 36.4 0.0 
lIRA 10 R 50.0 50.0 0.0 

MROI 9 R 50.0 50.0 0.0 
RVH3 10 R u 40.0 60.0 0.0 
RVH2 9 R u22.2 77.8 0.0 

DH 21 RT 23.8 76.2 0.0 
RVH4 20 RT 10.0 70.0 20.0 
MRSH 19 RT 26.3 68.4 5.3 
RVEH 9 RT 22.2 66.7 III 
HRH 29 RT 44.8 55.2 0.0 

MRGH 19 RT 42.1 52.6 5.3 
FOR 9 T 25.0 50.0 u 25.0 
GBH 9 T ILl 55.6 u 33.3 
RRR 10 T 10.0 50.0 u40.0 
SAR 9 T 33.3 33.3 u 33.3 
GHR 9 T 11.1 44.4 u 44.4 

RVBH 9 T 0.0 66.7 u 33.3 
ACT 9 T 0.0 66.7 ··33.3 
EBR 10 T 0.0 50.0 50.0 
AC 9 T 0.0 22.2 77.8 
TB 9 T 0.0 ILl 88.9 
HR 10 T 0.0 10.0 90.0 
LBI 9 T 0.0 0.0 too.o 
HF 9 T 0.0 0.0 too.o 

BCD 9 T 0.0 0.0 100.0 
STR 9 T 0.0 0.0 too.o 
RB 8 T 0.0 0.0 toO.O 

LBR 9 T 0.0 0.0 too.o 
HTR 9 T 0.0 0.0 toO.O 
GH 9 T 0.0 0.0 100.0 

BGP 8 T 0.0 0.0 too.o 
CH 7 T 0.0 0.0 100.0 
FBR 10 T 0.0 0.0 100.0 
BICH 9 T 0.0 0.0 100.0 



Table 3.5 Classification of progenies from E. risdonii (R), Intermediate (RT), 
E. tenuiramis (T), E. coccifera (C), and E. nit ida (N) populations, --- -based on the discriminant analysis of 26 seedling characters. 

Type No. U o. 0"'J.... Percentage of progenies 
mothers classitled into t~~e : 

R RT T C N 

E. risdonii 107 76 31 0 0 0 
71.0% 29.0% 0.0% 0.0% 0.0% 

Intermediate 117 34 77 6 0 0 
29.1% 65.8% 5.1% 0.0% 0.0% 

E. tenuiramis 213 8 41 160 4 0 
3.8% 19.2% 75.1% 1.9% 0.0% 

E. coccifera 29 0 0 1 28 0 
0.0% 0.0% 3.4% 96.6% 0.0% 

E. nilida 24 0 0 1 0 23 
0.0% 0.0% 4.2% 0.0% 95.8% 



Figure 3.1 (a) Second, (b) fifth, and (c) tenth leaf characters measured rrom each E. risdoniUtenuiramis 
seedling grown in the progeny trial. Character codes are described in Table 3.2. 
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Figure 3.2 Frequency histograms of seedling scores on the main discriminant function derived 
from 26 seedling characters for each E. risdoniiltenuiramis population. Population codes 
are given in Table 3.1. 
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Figure 3.3 Ordination of the E. risdonii, Intermediate, and E. tenuiramis population 
means revealed by the major discriminant functions, based on 26 seedling 
characters, the directions and importance of the main characters are 
shown. 95% confidence limits based on the mean n is given. Population 
names are given in Table 3.1, and the initial ontogenetic classification is 
indicated by the typeface (R, RT, and T). 
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Figure 3.4 Regression between E. risdoniiltenuiramis population means ror comparable seedling and 
parental lear characters. 



Figure 3.5 Ideograms representing the mean measurements of the lOth leaf of 
progeny from each E. risdonii/tenuiramis population included in the 
progeny trial. Leaves are arranged from left to right, down the page) in 
rank order of 
(Fig. 3.3). 
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Figure 3.7 Relationship between geographic and phenetic distance (Mahalanobis' distance, 
derived from a discriminant function analysis of 26 seedling characters) between one 
population (GOOl) and the remaining 39 E. risdoniiltenuiramis populations. 
Population codes are explained in Table 3.1. 
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Figure 3. 8 
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Figure 3.9 

NODES 

Ordination of the E. risdoniiltenuiramis population means and those of 
two closely related species, E. coccifera and E. nitida, revealed by the major 
discriminant functions, based on 26 seedling characters, the direction and 
relative weighting of the more important characters are indicated by vectors. 
Population and character codes are explained in Tables 3.1 and 3.2, respectively. 
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. I.~ - J j~i1 [' CHAPTER 4 
~'I ' I ~"< f ur 

J-," },< .1"'1 
.,. f/J, Variation in ontogeny in the E. risdoniiltenuiramis complex 
. y.tV -the Richmond Experimental Garden 

Abstract 

Id'~ Phenetic. ' . variation in ontogeny between fonns classified as E. risdonii and E. 
r tenuiramis has been shown to be genetically based. When grown in a common 

garden environment to 10 years of age, all progeny from the E. tenuiramis type 

mothers had attained the petiolate leaf condition, whereas most progeny from the E. 
risdonii type mothers still retained the connate, juvenile leaf type. Progeny from 

intermediate mothers displayed a large variation in the height of phase change but could 

be regarded as intermediate. This suggests that there is a cline in the retention of the 

juvenile leafform (neoteny) in the E. risdoniiltenuiramis complex. The time to 

reproductive maturity and subsequent reproductive loads have also been shown to 

differ markedly between the two forms. The E. risdonii progeny became reproductive 

much earlier than the E. tenuiramis progeny, and bore a heavier reproductive load. 

This precocious attainment of reproductive maturity can be regarded as progenesis. 

The combination of these two changes in developmental timing (heterochrony), the 

retention of the juvenile leaf form and precocious flowering, may both lead to 

paedomorphy but in response to different selective forces. Neoteny is probably a 

response to drought, whereas progenesis appears to be a response to frequent 
disturbance. 

Introduction 

The nature of the relationship between the two taxa, Eucalyptus risdonii and E. 
tenuiramis, has been the subject of much discussion and taxonomic revision (Hooker 
1847; Rodway 1903,1918; Maiden 1918; Baker and Smith 1912,1920; Blakely 1934; 

Brett 1937; Willis 1967). The two forms are closely related (Pryor and Johnston 

1971; Marginson and Ladiges 1982; Ladiges et al. 1983; Chippendale 1988) sharing 

the distinctive glaucous, connate juvenile foliage, a similar range of variation in fruit 

morphology and other characters, but the extreme phenotypes differ markedly in 

foliage type at reproductive maturity (Chapter 2). Studies of leaf and fruit morphology 

in a wide range of E. risdonii/tenuiramis populations (Chapter 2) and of the 

morphology of the seedlings from those populations grown under controlled 

conditions (Chapter 3) suggest that the variation (phenotypic and genetically-based) 

between the two taxa is continuous and that the variation between the two is less than 

the variation between populations classified as E. tenuiramis. 

These morphological studies deliberately minimized the variation attributable to 
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changes in ontogeny, choosing rather to compare directly comparable features, juvenile 

leaf, petiolate leaf, fruit and seedling morphologies. Clearly, however, the two 

extreme forms do differ in the timing of their developmental processes, the onset of 
reproduction and the transition from the connate 'juvenile' leaf to the petiolate 'adult' 

leaf shape. The study of this ontogenetic variation in the natural populations revealed 
that reproductively mature individuals in the populations classified as E. tenuiramis 
had a high proportion of the petiolate leaves and did not attain reproductive capacity 

until the petiolate condition had been attained. However, both of these characteristics 

are associated with the low height of transition to the petiolate leaf (phase change). 

Conversely, the sampled reproductively mature individuals in some E. risdonii 
populations did not make the transition to the petiolate leaf phase until a far greater 
height had been attained, if at all. Consequently, these individuals were 

predominantly, if not exclusively, clothed in juvenile leaves, and reproductive in that 

phase. Between these two extremes, a number of populations were found to vary in 

the height to phase change and, therefore, in the proportion of adult foliage on the 

trees, and in the phase in which they became reproductive. 

Many of the E. risdonii populations are subject to repeated disturbance by fire and 

their habitats tend to be extreme (by comparison with surrounding habitats) having 

high insolation loads and often skeletal soils on sloping sites, factors that combine to 

limit soil water availability (Kirkpatrick and Nunez 1980). These factors tend to 
combine to prevent the trees from attaining their maximum potential height and often 

result in a mallee habit rather than a tree form, as in E. pauciflora (Green 1969). The 

possibility must be entertained that stems arising from lignotubers may differ in the 

time to reproductive competence and/or height of phase change. Therefore, sampling 

the ontogenetic markers described above may not be an accurate assessment of the 

genetic variation in these characters. 

In order to assess the nature of this ontogenetic variation, an experimental garden was 

established using progeny from mothers from a range of E. risdoniiltenuiramis 
populations. This chapter describes the ontogenetic variation found in the individuals 

surviving to ten years of age and discusses the implications in terms of the taxonomy 
and possible evolutionary origins of the taxa. 

Materials and methods 

Experimental garden 

Thirty seedlings were grown from open-pollinated seed from each of 18 mothers 

thought to represent the range of variation in the height of phase change in E. 

risdoniiltenuiramis. The location and characteristics of the mother trees is given in 

Table 4.1. A maximum of 31 seedlings from each mother were grown in a glasshouse 
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changes in ontogeny, choosing rather to compare directly comparable features,juvenile 
leaf, petiolate leaf, fruit and seedling morphologies. Clearly, however, the two 

extreme fonns do differ in the timing of their developmental processes, the onset of 

reproduction and the transition from the connate 'juvenile' leaf to the petiolate 'adult' 

leaf shape. The study of this ontogenetic variation in the natural populations revealed 
that reproductively mature individuals in the populations classified as E. tenuiramis 
had a high proportion of the petiolate leaves and did not attain reproductive capacity 
until the petiolate condition had been attained. However, both of these characteristics 
are associated with the low height of transition to the petiolate leaf (phase change). 

Conversely, the sampled reproductively mature individuals in some E. risdonii 
populations did not make the transition to the petiolate leaf phase until a far greater 
height had been attained, if at all. Consequently, these individuals were 
predominantly, if not exclusively, clothed in juvenile leaves, and reproductive in that 

phase. Between these two extremes, a number of populations were found to vary in 
the height to phase change and, therefore, in the proportion of adult foliage on the 

trees, and in the phase in which they became reproductive. 

Many of the E. risdonii populations are subject to repeated disturbance by fire and 

their habitats tend to be extreme (by comparison with surrounding habitats) having 

high insolation loads and often skeletal soils on sloping sites, factors that combine to 
limit soil water availability (Kirkpatrick and Nunez 1980). These factors tend to 

combine to prevent the trees from attaining their maximum potential height and often 

result in a mallee habit rather than a tree form, as in E. pauciflora (Green 1969). The 

possibility must be entertained that stems arising from lignotubers may differ in the 

time to reproductive competence and/or height of phase change. Therefore, sampling 

the ontogenetic markers described above may not be an accurate assessment of the 
genetic variation in these characters. 

In order to assess the nature of this ontogenetic variation, an experimental garden was 

established using progeny from mothers from a range of E. risdoniiltenuiramis 
populations. This chapter describes the ontogenetic variation found in the individuals 

surviving to ten years of age and discusses the implications in terms of the taxonomy 

and possible evolutionary origins of the taxa. 

Materials and methods 

Experimental garden 

Thirty seedlings were grown from open-pollinated seed from each of 18 mothers 

thought to represent the range of variation in the height of phase change in E. 
risdoniiltenuiramis. The location and characteristics of the mother trees is given in 
Table 4.1. A maximum of 31 seedlings from each mother were grown in a glasshouse 
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under the natural photoperiod in 15 cm vernier tubes filled with potting mix (July 
1979) and supplied with nutrient solution (Aquasol) twice weekly. After 6 months. a 
single leaf from the 10th node was removed and scored for the characters listed in 

Table 4.2. After 9 months (April 1980), the surviving seedlings were transplanted into 

an experimental garden on ex-agricultural land at Richmond, 12 km NE of Hobart. 
Seedlings were planted in a semi-random block, with a row spacing of 1.5 In, 

surrounded by an edge row. An attempt was made to represent each mother once per 

row. Seedlings were artificially watered during the first summer only (1980/1981). 
Seedling survival rates were monitored every year, revealing a gradual attrition over 

the first two years but a dramatic loss as a result of a severe drought during 1982/3, 
after which losses have been rare. The seedlings were grown, scored and planted in 
the garden by B. Potts, with assistance from the Dept. Plant Science, University of 

Tasmania, as part of a trial discussed by Potts and Reid (1985c). 

Morphometrics 

After 10 years (June 1989), all surviving trees were measured for total height, height 
to phase change (the last sessile, alternate leaf), height of the first persistent fruit, and 

the leaf phase at first fruiting. The reproductive effort for the past two seasons 

(capsules from 1987 and previously, and last years fruit,1988) and the current seasons 

bud crop (1989) were scored on a scale of 0-4 (0 = none, 1 = few, 2 = moderate, 3 = 
abundant, and 4 = superabundant). The fruit characters listed in Table 4.2 were 
measured from six umbels from each plant. Basal diameter was measured 10 em 

above the ground level. Mean leaf measurements were obtained from six juvenile 

leaves and from six of the most adult leaves from each plant, using the same set of 
characters measured from the 10th node leaf (Table 4.2). 

Fruit morphology and the relationship between the morphology of the leaves from the 

10th node of each plant and the mean measurements of the most adult leaf (c. looth 

node) on the ten year old plants was examined by using principal components analysis 

(PCA) on the data, using the STA1V1EW (1988) package on a Macintosh computer. The 

principle components scores of the individuals as 10th node leaves and the scores from 

the c. looth node leaves were plotted as a scattergram, and the range of the c. looth 
node leaf morphology was illustrated by scaled ideograms. The mean leaf 

measurements of the c. 100th leaf of those plants still.expanding connate leaves were 

compared with the 10th leaf measurements from the same individuals using Student's 

t-test, and scaled ideograms were drawn from the grand means of the two data sets. 

The poor replication (Table 4.1), due to the poor survival rates of the progeny from 

some mothers, and the failure of some individuals to attain the transition to the petiolate 

leaf phase, necessitates the presentation of some data in a graphical rather than a 

statistical form. 
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Results 

Survival rate 

The sUIVival rate of the two provenances identified as the extreme E. tenuiramis 
phenotype (Huon Road and Randalls Bay) and that of the intermediate Rifle Range 
Road and Clifton Road provenances is clearly inferior to both the E. risdonii extreme 

(Government Hills) and intermediate forms (Warrane) (Fig. 4.1). From Table 4.1, it 

can be seen that only 2 individuals from Huon Road and Randalls Bay survived from 4 

mothers and a total of 93 seedlings. Similarly, only 3 out of 89 individuals survived 

from 4 mothers classified as E. tenuiramis from Clifton Road and Rifle Range Road. 

By contrast, 28 of the 200 seedlings from the Government Hills and Warrane mothers 

survived to ten years of age in the Richmond experimental garden. The exception to 

this difference in survival rates between the two forms is the Clifton Bluff provenance. 
Despite morphological and ontogenetic similarities to the extreme E. tenuiramis 
phenotype, a relatively high proportion of individuals survived from both mothers. 

Survival vs. productivity 

It is unlikely that direct competition between individuals was the cause of the 

differential mortality between phenotypes. Most deaths occurred in the first two years 

of the trial when competition would have been minimal. Also, such differences would 
be reflected in differential growth, as measured by height or basal diameter(see Table 

4.3). The correlation between mean sUIVival rate and the mean height for the surviving 

progeny from each mother is not significant (P = 0.07) and rather than showing a 
positive correlation between survival and height, the trend is negative. As can be seen 

from Fig. 4.2, there is a marked degree of variability in height between individuals and 

between mothers from the same provenance. This variability and the small sample 

sizes preclude rigorous statistical comparisons but ANOYA between the provenances 
indicate that the E. risdonii phenotype (Government Hills; 315 cm) is shorter than the 

E. tenuiramis phenotype (Clifton Bluff; 408 cm, and RRR, CR. HR and RB; 430 cm). 

This lower stature and higher survival rate are responsible for the negative correlation 

between survival rate and productivity. 

Although differing in size, there was no difference in habit between the E. risdonii 
and E. tenuiramis phenotypes. Both forms exhibited marked apical dominance, 

resulting in predominantly single-stemmed growth. If the main stem had been 

damaged, both forms demonstrated the capacity to coppice from the lignotuber, 

occasionally resulting in twin stems. There was no evidence of a greater tendency to 

the mallee habit in the E. risdonii phenotype. 
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Lea/phase 

The most marked difference between individuals in the progeny trial is the timing of 

the transition from the connate leaf phase to the petiolate leaf phase. At ten years of 
age, all progeny from mothers of the E. tenuiramis phenotype (T8 - T21) were 
expanding petiolate leaves, as were the intermediate E. risdonii (Tl3 and Tl4) and two 

of the three surviving progeny from the petiolate mothers from Government Hills (T23 
and 1'24). By contrast, only two of the sixteen progeny from the extreme form of E. 

risdonii (Rl - R4) had undergone this phase change. Seedlings from nearly all E. 
risdoniiltenuiramis populations share a similar morphology until at least the 10th node 

(see Chapter 3), with leaves of a similar shape and connate. As can be seen from 

Figures 4.3 (a) and (b), the majority of the E. risdonii from Govemment Hills retain 

that juvenile leaf habit to ten years of age. 

There are some significant differences between the leaf shape from 10th node of the six 

month old seedling, grown under glasshouse conditions, and the leaf shape from near 

the 100th node of the same plant ten years later, grown under harsher conditions in an 

experimental garden (Table 4.4). Table 4.5 shows that the recently expanded leaves 

are narrower and the length of fusion of the opposite leaf bases is slightly less. Such a 
difference could be either ontogenetic or environmental; however, as Fig. 4.4 shows, 

these differences are relatively minor. 

Height and phase change 

The height of the transition from the connate to the petiolate leaf form (phase change) 

was found to vary both within and between mothers representing a range of the 

ontogenetic variation exhibited in the natural stands of E. risdonii and E. tenuiramis 
(Fig. 4.5). The extreme E. tenuiramis phenotype (RB and HR) and the Clifton Bluff 

individuals make the transition to the petiolate leaf phase at mean heights of 130, 180, 

and 211 cm, respectively, with the single survivor from the RRR mother changing at 

230 cm and the mean height of phase change in the Clifton Road individuals was 345 
cm. This suggests that the range of variation between the natural populations of E. 
tenuiramis (see Chapter 2) is maintained when the plants are grown in a common 

environment. The mean height of phase change of the progeny from the two trees 
from Warrane (thought to be intermediate between E. risdonii and E. tenuiramis) was 

293 cm, within the range of the E. tenuiramis phenotype. The variability within these 

mothers, especially Tl4, was dramatic. Figure 4.5 shows that two of the siblings 

underwent phase change below a height of 200 cm, whereas the remaining three did 

not change to the petiolate leaf form until over 400 em in height. This is not an artifact 
of differing growth rates and a constant chronological period to phase change, for the 
two early phase change plants became petiolate 30-40 nodes before scoring whereas 

the late phase change plants underwent phase change immediately before scoring 

(Table 4.3), indicating a difference of 3 to 4 years. 
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Because only 2 ofth e 16 individuals from the E. risdonii mothers have changed to the 
petiolate leaf, the mean height of phase change of lhe extreme E. risdonii phenotype 

remains unlmown, except that it is more than the mean height of Rl. R2. R3. and R4 at 
the time of scoring (292 cm, excluding the two that have reached phase change at 220 

and420cm). 

Progeny were also included in this trial from two mothers in the same Government 
Hills population that had developed petiolate foliage. From the sampling notes, T23 

was a large tree and the single surviving individual appears to have inherited both a 
superior growth rate and a moderate height of phase change. (350 cm). Of the two 
surviving 1"24 individuals, one had undergone phase change (300 cm) but the other (at 

only 290 cm) was still expanding the connate juvenile leaves. 

Reproductive competence 

From Fig. 4.6 it can be seen that there is a marked and highly significant difference (P 

= 0.(001) between the height at which the E. risdonii and E. tenuiramis extreme 

phenotypes begin to flower. The E. risdonii form (including 1"23 and 1"24) became 

reproductive at a mean height of 151 cm (± 51.7, sd), half the height required by the 
E. tenuiramis form, 307 cm (± 78.3 cm, sd). This is not a simple artifact of 

differential growth between the two forms but a consequence of a difference in the 
timing of the onset of reproduction. By ten years of age. most individuals of both 
forms were reproductive: 16 out of 19 E. risdonii (84%) compared with 9 out of 13 
(69%) E. tenuiramis, but at 9 years, the difference was more marked, 84% vs. 54%, 

and at 8 years. 53% vs. 23%. respectively. Clearly. when grown under uniform 
conditions the E. risdonii from Government Hills flower more precociously than E. 
tenuiramis, in terms of both height and chronological a~e. 

When combined with the difference in time to phase change between the two forms, it 
is unsurprising that the E. risdonii became reproductive in the connate foliage type, 
whereas the E. tenuiramis individuals were all petiolate at first floral initiation. This 
dichotomy is not absolute, however. The results from the progeny from intermediate 
E. risdonii mothers (Tl3 and Tl4) suggest that the attainment of reproductive 

competence and foliage type are under independent genetic control. These intennediate 
siblings show the full range of variation in both height of phase change and the height 

of floral initiation, and also in the foliage type at first fruit initiation. 

Only 2 of 9 progeny from the two intermediate E. risdonii were reproductively mature 
and so the mean height to this ontogenetic transition could not be gauged (except that it 
exceeds 275 cm). However, this height is far greater than that of the Government 
Hills E. risdonii (151 cm) and the eventual height will probably equal or exceed that 
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of the E. tenuiramis (307 cm). All nine of these intermediate E. risdonii trees have 
attained the petiolate condition but two flowered while still in the connate juvenile leaf 
phase. Of these two. one flowered at a very low 80 cm. only seen in the E. risdonii 
form. but then underwent phase change to the petiolate leaf at a low 180 cm. more 

typical of the extreme E. tenuiramis phenotype. Conversely. the other flowered at a 
height of 280 cm (similar to the E. tenuiramis) but retained the connate leafform to a 

height of 500 cm (as did the E. risdonii from Government Hills) . 

Reproductive effort 

In addition to an earlier onset of reproductive capacity in the Government Hills E. 

risdonii and. perhaps. as a consequence of that greater reproductive maturity. the 
amount of reproductive effort by the E. risdonii fonn far exceeds that of the E. 
tenuiramis (Fig. 4.7). This index of reproductive effort is only an estimate of the 
quantity of the fruit produced over three seasons. nevertheless the difference between 
the forms is marked (Fig. 4.8). Although there is a difference in reproductive and 

vegetative vigour between the two fonns. there does not appear to be a direct 
correlation between the two (Fig. 4.9). The difference in growth rates does not appear 

to be the direct result of the diversion of resources to reproduction. Indeed. if 
anything. the non-significant trend is for the more vegetatively vigorous plants of each 
type to bear the mas t fruit 

Fruit morphology 

A comprehensive study of the variation in fruit morphology within E. 
risdoniiltenuiramis has been undertaken elsewhere (Chapter 2). This examination of 
the size and shape of the fruit was to detennine if. when grown in a common 
environment. the variation was reduced to dearly differentiate the two forms (E. 

risdonii and E. tenuiramis). The results of a PCA derived from the fruit characters 
listed in Table 4.2 are illustrated in Fig. 4.10 (a) and (b). The three significant 

principal components are dominated by fruit width (PC 1. 56% of the total variance). 
peduncle and pedicel length (PC 2, 18%), and capsule length (pc 3, 16%). But, as can 

be seen from the scattergrarns. there is no clear pattern of differentiation between the 
fonns. the entire range of variation in the measured characters is to be found within 
siblings from the Government Hills mothers. The major differences indicated by the 
PCA are between two of the E. tenuiramis provenances. the extreme E. tenuiramis 
(HR and RB) with smaller, cupular capsules and the Clifton Bluff E. tenuiramis, which 

had wider fruit with some similarities to the E. coccifera fruit shape. Both the 
intennediate E. risdonii and E. tenuiramis individuals lie in the centre of the range of 
variation described by the E. risdonii from Government Hills. 
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Discussion 

Heterochronic variation - neoteny and progenesis 

The ontogenetic variation in the retention of the juvenile leaf fonn used to discriminate 
E. risdonii from E. tenuiramis has been shown to be genetically based. When grown 

in a common garden, all progeny from E. tenuiramis mothers were expanding 

petiolate, adult leaves at ten years of age, whereas nearly all progeny from E. risdonii 
mothers still retained the connate,juvenile leaf fonn. In these plants, the recently 

expanded leaves at about the IOOth node differed only slightly in shape from the 10th 

node leaves expanded by the same plants ten years earlier. This retention of the 

juvenile leaf is a clear example of neoteny. It has also been demonstrated that the 
progeny from the E. risdonii mothers become reproductive earlier and with greater 

vigour than those of the E. tenuiramis phenotype. This precocious attainment of 

reproductive maturity is an example of a distinct paedomorphic process, progenesis. 

Results from the progeny of intermediate populations clearly point to the independence 

of leaf pha"9'and reproductive maturity, and suggest that the height to phase change 

and the onset of flowering are under relatively simple genetic control. In addition, 

these intennediate populations suggest that the mOIphological continuum (identified in 

Chapter 3) between E. risdonii andE. tenuiramis on the Eastern Shore of the River 

Derwent is paralleled by a cline in neoteny and, possibly, progenesis. Such a dine has 

been termed a 'paedomorphocline' by McNamara (1982). 

The continuity of morphological variation between 'E. risdonii' and 'E. tenuiramis' 
popula tions from the Eastern Shore (Chapter 3) questioned the validity of their distinct 

specific status. So does the continuity in the ontogenetic variation. The main 

discriminating character is the leaf phase in which it becomes reproductive; if an 

individual flowers in the juvenile leaf phase it is E. risdonii, and if it first flowers in 
the adult phase it is E. tenuiramis. There are siblings from the same open-pollinated 

mother from an intennediate population that would be classified into distinct taxa using 

this criterion. 

Neoteny, progenesis, and r - and K- selection 

Gould (1977) and Alberch et at. (1979) played a major role in stimulating discussion 

on the role of ontogeny and phylogeny and made an invaluable contribution to the topic 

merely by standardizing the terms and perspectives. But perhaps their main 

contribution lay in the establishment of a relationship between the different processes 

of heterochrony and ecology. For example, contrasting two of the paedomorphic 

processes, they suggested that neoteny was more likely to result from selection 

favouring morphological traits (eg. increased size, retention of juvenile traits) in stable, 
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crowded environments ... are K- strategists. Whereas progenesis was more 

likely to result from selection for rapid maturation or small body size in ephemeral 
habitats or following colonization of islands; .... : are more likely to be r- strategists. 
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Paedomorphosis in the E. risdoniiltenuiramis complex, especially at its maximum 

expression in the Government Hills populations, appears to be paradoxical being 
derived by both neoteny and progenesis. Individuals from these populations retain 

their juvenile morphology for much longer than those of other populations, but also 

attain reproductive maturity much earlier than other populations. One trait indicafes_ 

selection in a density-dependent environment, whereas the other suggests a density

independent environment 

Progenesis is almost certainly a response to a combination of extreme conditions that 

prevent rapid growth and a repeated cycle of disturbance by fire. Although individuals 
are capable of vegetative recovery from lignotubers after firing (Potts 1986), the slow 

re-establishment of the canopy and a rapid cycle of firing would ensure heavy selection 

pressure for early flowering. It is not co-incidental that precocious flowering has also 

been observed in sympatric E. amygdalina (Potts pers. comm.). It is interesting to 

note that fire in Tasmania is an artifact of man (with the exception of the occasional 

lightning strike) and, therefore, this example of pro genesis may, indirectly, be man
made. The settlement patterns and widespread use of 'fire-stick farming' of the 

Aboriginal Tasmanians (Ryan 1981) indicate that fire has been a part of the 

environment for at least the period of time that E. risdonii has occupied its present 

habitat Although it might be argued that the Aborigines may have used fire to clear 

forested areas, in this instance fire frequency can be regarded as/density-independent 

selective force. 
, 

By contrast, neoteny in the same environment appears to be density-dependent, with 

the retention of the juvenile leaf form conveying a marked advantage over individuals 

that make an early transition to the petiolate condition. Potts (1986) has shown that 

population turnover in the Government Hills E. risdonii is slow, with limited 

mortality after a fire (c. 3%), most individuals recovering by coppicing. The selective 

forces operating on the replacement seedlings (especially drought) are severe, such that 

even though large quantities of seed are released by the fire, only seedlings that land in 

a 'safe site' surrounded by a dead lignotuber have any likelihood of survivaL It is 

likely that this 'one-for-one' replacement within E. risdonii populations is not only 
due to the alteration of the seedling's microenvironment, but also to the release of a site . 

large enough for an individual to obtain sufficient water. This suggests that there is a 
high degree of competition between individuals for those relatively few niches. For 

neotenic retention of the juvenile foliage to arise in this extremely competitive 
environment, the connate, juvenile foliage must convey a formidable selective 

advantage over the petiolate leaf condition. 
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Paedomorphosis in the E. risdoniiltenuiramis complex, especially atits maximum 
expression in the Government Hills populations, appears to be paradoxical being 

derived by both neoteny and progenesis. Individuals from these populations retain 

their juvenile morphology for much longer than those of other populations, but also 

attain reproductive maturity much earlier than other populations. One trait indicates. 
selection in a density-dependent environment, whereas the other suggests a density

independent environment 

Progenesis is almost certainly a response to a combination of extreme conditions that 

prevent rapid growth and a repeated cycle of disturbance by fIre. Although individuals 
are capable of vegetative recovery from lignotubers after fIring (Potts 1986), the slow 

re-establishment of the canopy and a rapid cycle of fIring would ensure heavy selection 

pressure for early flowering. It is not co-incidental that precocious flowering has also 

been observed in sympatric E. amygdalina (Potts pers. comm.). It is interesting to 

note that fIre in Tasmania is an artifact of man (with the exception of the occasional 

lightning strike) and, therefore, this example of pro genesis may, indirectly, be man
made. The settlement patterns and widespread use of 'fire-stick fanning' of the 

Aboriginal Tasmanians (Ryan 1981) indicate that fIre has been a part of the 

environment for at least the period of time that E. risdonii has occupied its present 

habitat Although it might be argued that the Aborigines may have used fIre to clear 

forested areas, in this instance fIre frequency can be regarded aSldensity-independent 

selective force. 

By contrast, neoteny in the same environment appears to be density-dependent, with 

the retention of the juvenile leaf form conveying a marked advantage over individuals 
that make an early transition to the petiolate condition. Potts (1986) has shown that 

popUlation turnover in the Government Hills E. risdonii is slow, with limited 

mortality after afIre (c. 3%), most individuals recovering by coppicing. The selective 
forces operating on the replacement seedlings (especially drought) are severe, such that 

even though large quantities of seed are released by the fIre, only seedlings that land in 

a 'safe site' surrounded by a dead lignotuber have any likelihood of survival. It is 

likely that this 'one-for-one' replacement within E. risdonii populations is not only 

due to the alteration of the seedling's microenvironment, but also to the release of a site 

large enough for an individual to obtain suffIcient water. This suggests that there is a 
high degree of competition between individuals for those relatively few niches. For 

neotenic retention of the juvenile foliage to arise in this extremely competitive 
environment, the connate, juvenile foliage must convey a formidable selective 

advantage over the petiolate leaf condition. 
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In the heteroblastic eucalyptI species examined for physiological differences between , 

the juvenile and adult leaf types (e.g.E. globulus. Johnson 1926; E. ob/iqua, 
Lawrence 1940; E. regnans, Ashton 1956, Ashton and Turner 1979; E.fastigata 
Cameron 1970a,b; E. nitens, Pederick 1979, Beadle et al. 1990), the juvenile phase 

has been found to be the shade-bearing phase, with the opposite, sessile, dorsi-ventral 

leaf orientation conveying advantage to the plant in terms of maximum light 
interception. Clearly the nature of the selective advantage that the opposite, sessile, 

dorsi ventral leaf phase of E. risdonii and E. tenuiramis conveys is different in ' 
nature. The populations in which the neotenous retention of the juvenile leaf phase is 

the most highly developed experience maximal insolation loads, for they are located on 

north to northwest -facing'slopes (Hogg and Kirkpatrick 1974; Kirkpatrick and Nunez 

1980) on light-coloured, skeletal, Pennian mudstone soils with a high proportion of 
rock cover. These populations are clearly not light-limited but, rather, limited by soil 

water availability. 

The retention of the juvenile leaf form (neoteny) in other species is also associated with 

environmental extremes; however, these conditions are usually associated with high ,. 

altitude sites (ie. E. pauciflora, Pryor 1957; E. vernicosa, Jackson 1960; E. 
urnigera, Thomas and Barber 1974a; E. nitens, Pederick 1979; E. coccifera, E. 
gunnii, Potts 1985b ). Under conditions where the plant is exposed to frequent sub

zero temperatures, and ice and wind abrasion there are clear selective advantages in 
possessing characters associated with the smaller, rigid, sessile, glaucous, juvenile leaf 

morphology. These same morphological characteristics are being selected for under a 

different set of environmental conditions in the E. risdoniiltenuiramis complex. 

Examples of precocious sexual maturity (progenesis) within other Tasmanian eucalypt 

species include E. vernicosa found in an extreme alpine habitat, E. globulus from an 

exposed coastal habitat, , E. amygdo/ina sympatric with E. risdonii in the • 

Government Hills (Potts pers. comm.), and E. gunnii from a population at Snug 

Plains that also has a high fire frequency (Potts 1986). This suggests that progenesis 

in eucalypts may not be a response to the rapid colonization and utilization of 

ephemeral environments as it is in the Cyanea solanacea complex (Lammers 1990), 

but a response to frequent disturbance. This is far more likely in the temperate habitat 

of Tasmania where the time for evolutionary adaptation to specific habitats is quite 

short. Potts and Jackson (1986) present a picture of frequent migration of eucalypt 

species up- and downslope with the climatic fluctuations imposed by glacial and 

interglacial conditions in recent geological history. They suggest that the time available 

for the most recent patterns of divergence in response to their present distribution may 

be as little as 6-8000 years, by comparison with 450 000 - 1 300 000 years available to 
the Cyanea spp. in the Hawaiian Islands (Lammers 1990). To me, this implies that 

interspecific differences over small geographic distances must be in response to severe 
selective pressures, rather than small advantages gained in incremental steps by greater 

, 
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contribution to the next generations gene pool. 

Reproductive effort 

In addition to the precocious attainment of sexual maturity in the extreme E. risdonii 
form compared to the E. tenuiramis phenotype, there is a marked difference in 
reproductive effort between the two. When combined with the slower growth rate of 

the extreme E. risdonii, this suggests a major difference in growth strategy between 
the two forms, with the E. risdonii form devoting a high proportion of its energy 

budget toward reproduction at the expense of vegetative growth (r-type) whereas the 

E. tenuiramis form concentrates more effort in vegetative growth (K-type). While 
this is undoubtedly true, this is not the major factor accounting for the differential 

growth rates within or between the two forms. 

There is no significant negative correlation between reproductive effort and vegetative 
growth. Indeed the trend within phenotypes is towards a positive relationship, with 

the more vegetatively vigorous individuals also bearing the heavier reproductive loads. 

This implies that the slower rate of growth of the E. risdonii phenotype is independent 

of its greater contribution to reproduction. That is to say, that. the rate of growth is 
affected more by the neotenic retention of the juvenile form or, as is more likely, by 
some other physiological difference than by the cost of flowering, induced by 

precocious and abundant reproduction. 

Drought resistance and productivity 

These physiological differences responsible for differential growth rates between 

phenotypes are, however, related to differences in drought resistance. The survival 
rate of progeny from E. risdonii mothers was clearly superior to that of the 

provenances identified as the extreme E. tenuiramis phenotype. The differential 
survival rate between mothers is almost certainly attributable to differences in drought 

resistance between the seedlings at less than four years of age. In this experimental 

garden, the major factors that appear to have affected survival are insect predation and 

drought, and a dramatic increase in mortality was noted following a severe drought in 

1982/83, suggesting the latter as the major cause of mortality. 

Although there is a marked degree of variability in height between individuals and 
between mothers from the same provenance, the E. risdonii phenotype (Goverrunent 

Hills) is shorter than the E. tenuiramis phenotype (Clifton Bluff and RRR, CR, HR and 
RB). This may reflect an association between growth rate and drought resistance. 

Parsons (1968) suggested that just such an association in three other eucalypt species 

was related to increased water use and larger transpiring surface. Ladiges (1974), and 

references therein, however, suggests that soil fertility in very arid sites is usually very 
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poor and that this may be a limiting factor on growth rates, or that individuals from 
these sites may have a higher root/shoot ratio. Both resistance to drought and 
adaptations to very low soil fertility would be of great selective value in the 
Government Hills habitat, whereas in the HR and RB sites, although the soil is still 

poor, there is probably greater soil water and soil nutrient availability. The Clifton 

Bluff population, by contrast, appears to have both resistance to drought and high 
growth rates. This population is found on deeper soils but is exposed to frequent wind 
and salt damage (Kitchener 1985). This implies that there are physiological 

differences, such as drought resistance and growth rate, between different 
provenances, but those differences are not exclusively between the E. risdonii and E. 
tenuiramis forms. 

Growth habit 

In some natural stands of E. risdonii, including the provenance included in this trial 
(GHHl), the mallee growth habit is predominant and has been cited as a discriminating 

character between E. risdonii and E. tenuiramis. There is no evidence to suggest that 

E. risdonii has any greater tendency toward the mallee habit than , E. 
tenuiramis. There can be little doubt that the mallee habit is the product of repeated 

burning, as in the form of E. pauciflora classified as E. niphophila (Maiden and 

Blakely in Maiden 1923, cited by Green 1969), and E. perriniana (Wiltshire and Reid 

1987). This is undoubtedly compounded by the paucity of the soil in terms of 
nutrients and water, and, possibly, by the intrinsically slower growth rate exhibited by 

at least one population. In some species, the mallee habit may be genetically based, bu ~ 
this is clearly not the case in E. risdoniiltenuiramis. 

Conclusions 

The poor survival rate of the progeny of the extreme (Huon Road and Randalls Bay) 

and intermediate (Rifle Range Road and Clifton Road) E. tenuiramis provenances by 
comparison with the E. risdonii extreme (Government Hills) and intermediate forms 

(Warrane) diminishes the confidence that can be attached to the quantitative 

measurements of the ontogenetic or developmental changes, such as the height of 

phase change and fruit initiation. Nevertheless it has been demonstrated that, when 

grown under uniform conditions, progeny from mothers of the E. risdonii phenotype 
exhibit precocious onset of flowering (progenesis) and delayed transition to the 

petiolate, adult leaf type (neoteny) in comparison with progeny from E. tenuiramis { 
mothers. The combination of these two ontogenetic differences ensures that 
exceptions are relatively rare in natural populations of extreme forms of both types. 

Progeny from mothers of intermediate morphology, however, display a wide range of 

variation in the timing of both phase change and attainment of reproductive 
competence, and siblings from open-pollinated mothers have initiated their first fruit in 

both the connate and petiolate leaf phases. Given the continuous nature of the varia tion 
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in both characters, both within and between populations, the retention of the juvenile 

condition and the onset of reproductive maturity appear to be c1inally varying 
characters, and the resulting range of variation can be regarded as a paedomorphocline. 

Although ontogenetic variation in the E. risdoniiltenuiramis complex appears to be 
continuous between phenotypes and appears to be related to soil water availability, the 

pattern has not yet been fully described and its correlation with environmental factors 
has not been confirmed. The populations represented in the progeny trial were selected 

ten years before the nature of the morphological variation in the complex was 

determined and ':"!::~ 1:0' only a few of the reference points in the complex. The " 
number of mothers in each population is clearly inadequate to obtain a measure of the 
within population variation in height to phase change and sexual maturity. The 

shortcomings of this trial have been rectified in a second. larger experimental garden 
recently planted with the seedlings from the progeny trial described in Chapter 3. This 
garden, established on S tate Forest land near Franklin, is comprised of 3 seedlings 

from each of 9 mothers from 40 populations from the full geographic range of the 
complex. The garden is arranged in a randomized block design with edge rows. The 
site is at the upper limits of the altitudinal range of the species and the trees may be 

subject to predation by herbivores, but the wide spacing (3 x 3 m), deep soil, high 
rainfal~ and site management by the Forestry Commission should ensure a relatively 

high survival rate. In ten years, this garden should provide a complete picture of the 
genetic basis of ontogenetic variation within and between populations in the E. 

risdoniiltenuiramis complex and a closer understanding of the selective forces 

responsible for heterochronic variation in the complex. 



Table 4.1 The phenotype and provenance of E. risdoniiltenuiramis mothers and the number 
of progeny surviving to ten years of age in the Richmond experimental garden. 

P02ulation Universal grid Mother No. No. 
,od, "'= typo EJW N/S code planted surviving 

A]2r-80 Mar-90 

GHIlI GovemmentHilll E. risdonii 5270 52583 R4 26 6 
-extreme phenotype R3 26 2 

R2 3I 6 
RI 17 2 

GHIlI GovemmentHiII 1 E. risdonii T24 25 2 
- petiolate leaf 1'23 25 I 

MROI Warrane E. risdonii 5321 52554 TI3 25 4 
- intermediate Tl4 25 5 

CR Clifton Road E.lenuiramis 5418 52412 Til 26 2 
- flowering in the juvenile leafphase 

RRR Rille Range Road E.lenuiramis 5394 52429 T' 23 I 
- intermediate TO 17 0 

TID 23 0 
CB Clifton Bluff E.lenuiramis 5446 52408 TI6 25 5 

TI5 25 3 
HR Huon Road E.lenuiramis 5237 52497 T19 22 I 

- extreme phenotype 1'20 26 0 
RB Randalls Bay E.lenuiramis 5086 52114 1'21 19 I 

- extreme phenotype 1'22 26 0 

" Total 432 41 

.;f..-. 



Table 4.2 Characters scored from each E. r isdooiiltenuiramis individua l in the 
experimental garden at Richmond. 

Charaaer Description 

10th leaf (scored Jan. '80) 
LL Lamina length (mm) 
L W Lamina width (mm) 
LWP Length to the widest point (mm) 
CONN Length of fusion of leaf bases (mm) 

Juvenile leaf (scored Jun. '89) 
LL Lamina length(mm) 
L W Lamina width (mm) 
LWP Length to the widest p:>int (mm) 
CONN Length of fusion of leaf bases (mm) 

Most adult leaf (scored Jun. '89) 
LL Lamina length (mrn) 
L W Lamina width (mm) 
L WP Length to the widest p:>int (mm) 
CONN Length of fusion of leaf bases is positive 

ifpetiolate,length of petiole is negative (mm) 

Fruit characters (scoredJun. '89) 
PEDU Peduncle length (mm) 
PEDI Pedicel length (mm) 
CAPL Capsule length (mm) 
RIMW Capsule rim width (mm) 
MAXW Maximum width of capsule (mm) 
PTMAXW Point of ma:timum width of capsule (mm) 

Ontogenetic characters (scored Jun. '89) 
Height Total height (cm) 
Nodes Total number of nodes e:tpanded 
HI. to ph/ch Height to the last sessile. allernale leaf (cm) 
Nodes to ph/ch Nodes to the last sessile. alternate leaf 
Ht. 1st fruit Height to the first fruit (em) 
Leafat lsi fruit Petiolate (P) or connate (C) leafal firsl fruit 
Caps. s;'87 Capsules from '87 or earlier (0 to 4 ) 
Caps. '88 Capsules from '88 (0-4) 
Buds '89 Current seasons bud crop (04) 
Basal diam. Stem diameter 10 em above shoot base (mm) 



Table 4.3 

Moth~r Column Height Nod~ H,1o Nodes to Ht.to Leafat Dp. Dp. Buds Basal 
(em} nhlch. ghl£h. 1st fruit 1st fruit <87 '88 '89 diam. 'mm) 

1. E. risdonii· GovernmllDtHills 
R4 26 160 65 >160 ,65 105 C 0 0 0 32 
R4 4 280 87 >280 ,87 ll5 C 0 1 1 53 
R4 21 290 93 ,290 ,93 120 C 0 4 1 76 
R4 16 320 77 >320 ,77 230 C 0 1 1 68 
R4 II 380 86 ,380 ,86 >380 , 0 0 0 61 
R4 10 400 100. >400 ,100 190 C 3 3 3 81 
R3~ 22 420 91 410 89 250 C 3 3 2 91 
R3 9 440 " "'" ,,, 160 C 2 4 1 III 
R2 4 110 33 >170 ,33 >170 C 0 0 0 51 
R2 23 220 n >220 ,n 100 C 4 1 3 " R2 5 250 92 >250 ,92 150 C 0 1 1 55 
R2 11 250 98 >250 ,98 110 C 0 1 3 " R2 15 280 98 220 87 80 C 3 2 4 62 
R2 , 290 92 '290 ,92 100 C 4 4 4 88 
Rl II 290 77 ,290 ,77 115 C 2 1 1 43 
Rl , 350 92 >190 ,92 llO C 4 4 4 77 

2. E. risdooii - Government Hills. with petiolate leaves 

'" 10 290 85 ,290 ,85 180 C 0 2 4 49 

'" 5 310 " 300 93 160 C 1 3 2 51 
1'23 7 6()() 100. 350 64 230 C 3 4 2 10. 

3. E. risdooiiftelll1ln..mis intennediat ~ - Wamllle 
Tl3 8 270 " 180 49 80 C 1 2 1 41 
Tl3 7 250 80 2Ml 68 >250 P 0 0 0 " Tl3 14 250 80 250 80 >2~0 P 0 0 0 " Tl3 21 280 82 280 82 >280 P 0 0 0 70 
Tl4 12 330 " 140 28 >330 P 0 0 0 90 
Tl4 8 340 80 190 48 >250 P 0 0 0 58 
Tl4 3 440 90 430 88 ,440 P 0 0 0 " Tl4 16 440 105 430 102 >440 P 0 0 0 73 
Tl4 • 500 100. 500 100. 280 C 2 3 2 84 

4. E. tenuiramis· Clifton Road - flowering in the juvenile foliage on one branch 
Til 5 480 lOOt 280 80 380 P 0 2 1 III 
TIl 10 490 95 410 76 >400 P 0 0 0 99 

5. E. tenuiramis - Rifle Range Road 
T8 5 250 74 230 65 >2~0 P 0 0 0 47 

6. E. tenuiramis - Clifton Bluff 
Tl6 3 250 72 1" 51 190 P 1 0 1 " Tl6 18 310 88 1" 6() 220 P 0 1 1 84 
Tl6 21 36() 100. 100 61 >360 P 0 0 0 81 
Tl6 24 365 100. 260 80 >365 P 0 0 0 71 
Tl6 4 440 100. 200 46 26() P 2 3 2 122 
Tl5 12 390 100. 250 61 2" P 2 0 2 " Tl5 7 550 100. 230 58 420 P 0 1 1 102 
Tl5 2 6()() 100. 230 " "" p 0 2 2 148 

7. E. teooiramis - Huon Road 
Tl9 II 430 100. 180 42 410 P 0 0 lOB 

8. E. tenuiramis -Randalls Bay 
1'21 8 500 100. 130 31 320 P 0 2 0 " 



Table 4.4 Mean values for leaf and reproducllve cbaracters scored from eacb Eo rlsdonilltenuiramis Individual In tbe experimental garden at Rlcbmond 
and principal components scores based on tbe lOtb leaf, tbe most aduil ienr al len years or age, and frull cbaracters. 

'O!b~""rCb 3 Ju UJd '''''rrtbW Mp'tndllll\:-wrm p~Cbm IOJr'e.'( M~'1!1~M Em I LW I r mNN 0 W CONN LL W CONN PEDO!'Eb Ai' W MAXW! MAXW PC PC i I f PC J , PC J 
Molhcr Column ~ '< 

CO'NN tl: .W wr ' CONN 
I. E. ri,dooii - Govel1lll ,n,Hili. 
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R4 
R4 
R4 
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R4 
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R) 

R2 
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R2 
R2 
R2 
R2 
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Rl 

" 4 
1I 

" II 
10 
II , 
4 

" 5 
17 
IS 
7 
II 
7 

3S 
44 
43 
30 
3S 
34 
40 

" 43 

" 49 
45 

" 
40 
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44 
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37 
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43 

41 
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45 
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7 
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10 
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40 
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34 
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41 
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SO 

" .. 
41 

'I'14 !O 37 4S 9 40 37 
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3. E. ri,dooii/ICDuirami. iolmoedide _ Womwe 
T!384241816 
T137312191S 
T!3 14 35 31 6 22 
TI3 21 40 36 10 36 
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T1484S37930 
TI4 3 SO 47 10 44 
TI4 16 42 31 10 II 
TI4 6 38 31 10 28 
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T8 5504210 

6.E.lenuinu:ni •• C1iflon Bluff 
TI6 3 
TI6 18 
TI6 21 
TI6 14 
TI6 4 
TIS 12 63 35 IS 
TIS 7 47 39 Il 
TIS 2 63 45 13 

7. E.lenuintmi. - HI.lOD Rood 
TI9 II 49 35 10 
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T21 8 59 38 13 
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.6 ., 
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·8 
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.7 
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13.7 
'.6 

11.2 
13.6 
6.' 
'.2 
12.7 
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8.2 
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8.2 

2.0 
I.' 
2.7 
2.7 

2.4 
2.' 
2.1 

2.1 
2.7 
2.0 
1.7 
1.8 
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2.1 

11.3 25 
9.3 2.1 
13.7 2.6 

5.8 
6.8 
7.1 
6.7 

7.8 
6.' 
65 

6.8 
75 
7.1 
6.2 
6.7 
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7.7 
6.7 
7.' 

10.S 2.4 7.4 
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14.1 2.4 7.2 

,., I.' 6.' 

6.1 
6.1 
8.1 
5.' 
5.7 
7.1 
6.1 

6.8 
6.6 
6.4 
6.1 
5.8 
6.4 
5.8 

6.2 
6A 
6.7 

6.6 

6.2 

6.1 

6.2 

11.9 2.4 8.0 6.8 
9.3 2.9 6.3 6.3 

7.6 2.0 7.5 7.4 
8.4 2.5 7.4 7.7 
6.9 1.3 6.3 7.2 
9.4 1.3 8.3 7.4 

5.8 1.9 6.3 6.0 

6.7 1.4 5.7 5.7 

7.0 
75 
8.7 
7A 

75 
7.8 
7A 

8.7 
8.1 
8.1 
7A 
7.8 
85 
8.1 

7.7 
7.6 
8.1 

8.1 

75 

7.' 

"' 

4.2 
5.1 
6.1 
4.8 

5.1 
4.8 
4.4 

4.' 
5.1 
5.0 
4.5 
4.6 
5.7 
6.1 

5.2 
45 
6.0 

5.6 

5.' 

5.6 

5.0 

8.2 6.0 
7.2 45 

S.9 5.2 
9.1 5.5 
8.0 4.3 
S.9 6.3 

6.9 4.3 

6.4 3.8 

0.79 
0.96 
0.88 
0.86 
0.88 
0." 
0.74 
0.87 
0.82 

0.72 
0.94 
0.83 
057 

1.25 

·053 
1.05 
1.14 
-1.33 
0.07 
-0.28 
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0." 
0.78 

0.87 
1.94 
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-0.79 

1.15 

0.85 059 
0.91 1.26 
0.89 1.43 

0.73 0.77 
0.12 -257 
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057 ·0.41 
.(l.11 ·059 
0.66 0.23 
0.90 155 
0.39 ·0.61 
0.42 -0.96 

05l:i 0.20 

0.68 1.11 

0.21 0.67 
0.45 0.31 
0.63 1.90 

0.54 0.21 

0.25 1.16 

0.87 
0.82 
0.86 
1.11 

0.62 

••• 0.88 
0.64 
0.94 
0.93 
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-1.37 O,ol 
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-152 0.18 
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1.11 .o.37 .0.35 
0.19 1.17 0.18 
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-0.66 -1.20 .0.95 

-1.32 -1.43 -153 



Table 4.5 Mean dimensions of the 10th and c.100th leaves from E. risdoniiltenuiramis 
individuals that were connate at ten years of age in the Richmond experimental 
garden. 

Character 10th leaf c. lOOth leaf I-value P 
mean sd mean sd (2-tailed) 

LL 39.4 5.65 38.6 5.47 0.380 0.7073 
LW 41.2 5.93 33.4 4.00 3.998 0.0005 ••• 
LWP 8.1 1.89 8.2 1.76 0.226 0.8232 
LWP/LL 0.21 0.05 0.22 0.04 0.609 0.5483 
CONN 36.3 4.55 26.1 4.67 5.718 0.0001 ••• 
CONN/LW 0.89 0.09 0.78 0.10 3.078 0.0050 •• 



Figure 4.1 Proportion of E. risdoniiltenuiramis progeny from each mother surviving to ten years of 
age at the Richmond experimental garden. 
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Figure 4.2 Height of E. risdoniilknuiramis progeny surviving to ten years of age at the Richmond 
experimental garden. Mothercodes are e:tplained in Table 4.1. 
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Figure 4.3 Retention of the juvenile leaf form by some 10 year old E. risdoniiltenuiramis individuals, 
(a) The first and second component scores of individuals, derived from a peA based on the 

size and shape of the 10th node leaf(measured in 1980) and the most ontogenetically 
advanced leaf from the same individuals nine years later (c. 100th node), at which time 
nearly all individuals were reproductively mature, and 

(b) Scaled ideograms of the range of leaf size and sbape of the c. 100th node leaf on the same 
axes. Individual codesare explained in Table 4 .1. 
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Figure 4. 4 Sealed ideograms or the mean measurements or the (a) 10th lear(atsix months), and the 
(b) Co lOOth lear (most adult) or those E. rlsdoniilrenuiramis that remained connate at ten 
years or age. 
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Figure 4. 5 Heightorphasechange to the petiolate lear type in E. risdoniiJrenuiramis progeny surviving 
to ten years or age at the Richmond experimental garden. Mother codes are explained in 
Table 4.1. + indicates that the plant was still expanding connate,juvenile leaves. 
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Figure 4.6 Height to the initiation or rruit in E. risdoniiltenuiramis progeny surviving to ten years or 
age at the Richmond experimental garden. Mother codes are explained in Table 4.1. 
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Figure 4. 7 The sum or reproductive ef'rort over three seasons in ten year oldE. risdoniiltenuiramis 
grown in an experimental garden. Mother codes are explained in Table 4.1. 

" .,. 
e 
~ 

~ • • 
:ij 
• ~ 
E 
~ • 
" 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

L...-R4--1 R3 L-R2---1 Rl T24T23LTl3..1 L...Tl4 ...... Tll T8 L-Tl6 ...... LTlS,ITl9T21 
Motber 

L...---__ GHHt _____ -', L-MROl-.J CR RRRL...-CB----J HR RB 

Population 



Figure 4.8 Nearly all of the progeny from the Government Hills 
E. risdonii were reproductive by 10 years of age, and some 
(like the one pictured above) bore exceptionally heavy 
reproductive loads. 



Filture 4.9 Reproductive efTort and vegetative growth in extreme E. risdCHJll, Intermediate E. risdonii. 
aud E. trnwamis pbenotypes. 
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Figure 4.10 Scores on the (a) first and second, and (b) first and third principal components of 
E. rlsdoniiltenuiramis individuals derived from the fruit characters listed in Table 4.2. 
Individual codes are eJl;piained in Table 4.1. 
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Figure 4.11 Mean height of phase change (c) and of fint fruit initiation (I» in progeny from E. risdoniil 
tenuiromis mothers displaying a range of variation in these characters. Histograms indicate mean 
height of the progeny from each mother. + indicates that most individuals from that mother had yet to reach 
the petiolate leaf phase or reproductive maturity. 
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5.1 General leaf morphology of the eucalypts 

Abstract 

CHAPTERS 

Heteroblastic variation in morphology and physiology 
in E. risdoniiltenuiramis 

49 

Past studies have indicated that the juvenile phase in heteroblastic eucalypt species is 

morphologically, anatomically, and physiologically adapted to a role as a shade

bearing stage in the tree's ontogeny. Although sev'eral morphological features (such as 

opposite, decussate, sessile, and dorsiventralleaf insertion) are thought to convey 

advantages in light interception to these wet sclerophyll species, they are also found in 

the juvenile phase of the dry sclerophyll species, E. tenuiramis, which appears to be 

'lmatomical.Jy adapted to xeric, high light-intensity rather than mesic, light-limited 

conditions. The juvenile leaf phase of the E. risdonii phenotype appears to be even 

more markedly xeromorphic, with a nearly isobilateralleaf anatomy and thickened, 

heavily cutinized epidennallayers, resulting in a leaf that appears more xeromorphic 

than the adult E. tenuiramis leaf. 

Studies of the photosynthetic characteristics of the leaf types show that all three are 

'sun' leaves, but that the juvenile E. tenuiramis leaf was slightly more efficient at 

lower light intensities. By contrast, the morphologically similar juvenile E. risdonii 

leaf appears to be adapted to an even higher light intensity environment than the E. 

tenuiramis adult leaf. The pendulous, petiolate leaf habit of the adult phase is clearly 

more efficient at avoiding high insolation loads than the juvenile leaf type, yet the 

juvenile leaf phase is retained to its greatest extent in the most extreme, droughted, and 

high insolation sites. This not only suggests that anatomy and physiology are flexible 

under selective pressures, but that the juvenile leaf phase must convey some clear 

advantage under these extreme conditions. This selective advantage has not been 

identified, but is most likely to be associated with drought resistance. 

5,1 General leaf morphology of the eucalypts 

Most eucalypts are heteroblastic and many are strikingly so, with the juvenile foliage 

radically different from the adult foliage (Pryor 1976), These two leaf phases are 

generally the most prolonged but they do not express the full range of leaf types 

present during the ontogeny of a eucalypt Penfold and Willis (1961) ha ve described 
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five types of leaf: 'cotyledonary leaves', 'seedling leaves', 'juvenile lea ves', 

'intennediate leaves', and 'adult leaves'. On germination, the eucalypt seed develops 

two photosynthetic cotyledons, then from 5 - 10 pairs of seedling leaves, which are 

transitional to the juvenile phase. Their size and shape can be very variable and 

dependent on growing conditions. The third stage, the juvenile leaves, may persist for 

several years and are usually markedly dissimilar from the leaves of the mature tree. 

The fourth stage, the intennediate leaves, are genuinely transitional in nature and occur 

over a relatively short period (perhaps half of a growing season), fonning a graded 

series from the juvenile to the adult leaf. The transition can be gradual or very abrupt 

but is most prolonged in those species which have only a few pairs of opposite 

juvenile leaves (Blakely 1934). 

Carr and Carr (1985) challenge the usefulness of this classification of 'seedling', 

'juvenile', and 'adult' leaves, declaring them "quite inadequate for an accurate 

description of the full suite ofleaves which may be developed by a eucalypt". Instead, 

they propose a system of classification based on the origin of the leaves in the plant as 

well as their morphology. This scheme is relatively straightforward for the juvenile 

leaves, combining the seedling leaves and juvenile leaves into a class, the 'primary 

seedling leaves', and classifying the intermediate leaves as 'secondary seedling 

leaves'. However, this scheme differs from the more traditional classification in that 

all leaves in the crown ofa mature eucalypt are described as adult leaves, despite 

resemblances to the juvenile fonn. The mature or adult leaves are classified as 

'tenninal adult leaves', the last-fonned leaves. These arise from the leading apex, 

lateral shoots, or from accessory buds that grow out in the season they were fonned 

(sylleptic shoots). If leaves arise from proleptic shoots (shoots that have been 

suppressed for one year or more), they may regain some juvenile characters, i.e. a 

leaf shape reminiscent of the secondary seedling leaves, they are then tenned 'initial 

adult leaves'. Further "juvenilization" of the leaf may occur if the leaves arise from 

epicormic shoots, in which case they may be tenned 'primary adult lea ves', if they 

'0~A' .. A"·Y- ,j.../ll resemble primary seedling leaves, or 'secondary adult leaves', if they recapitulate some 

f, ;t, ~ JI-' of the characteristics of the secondary seedling leaves. The earlier, simpler definitions 
/ rt~' tz ~ r and tenninology will be used here. 
-/. "",t 

p" "'J '" 
The cotyledon size and shape have been used as a basis for taxonomic classification in 

the eucalypts (Hall 1914; Maiden 1903-1931) and ""~~ b. "",,. .e"<ese"~.J;"e o\' 

j .... ~.,.)r.,.... ) their phylogeny rather than the current selective pressures operating on the plants at 

c..... ..... ?-j " that stage of development. Both seedling and intennediate leaves are transitional and 

are, therefore, dependent on the preceding and subsequent leaf types for their 
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morphology. Moreover, the duration, size and shape of these leaf stages are highly 

variable, especially so for the intermediate leaves of E. tenuiramis which may go 

through a stage of developmental instability as the leaf orientation alters from 

dorsiventral to isobilateral. Therefore, attention has been focused on the juvenile and 

adult leaf phases that persist for prolonged periods. 

Juvenile leafform 

Within the eucalypts, juvenile leaves show a tremendous variation in size, shape, 

. vestiture, colour, etc. between the species (Penfold and Willis 1961). They may be 

opposite or alternate, sessile, stem-clasping or petiolate, cordate, ovate, oblong, 

orbicular or lanceolate, and, in at least three species, perfoliate (connate) and, although 

usually green, shades of glaucousness are also common (Blakely 1934). In the more 

strikingly heteroblastic species, however, juvenile leaves are usually 'opposite' and 

'sessile' (that is they have no petiole, being attached directly to the stem) and usually 

held horizontally with distinct upper and lower surfaces (i.e. they are 'dorsiventral'). 

In general, the juvenile dorsiventralleaf is 'hypostomatous', the majority of the 

stomata being on the lower surface (Pryor 1985) and, in a large number of species, the 

juvenile leaves are often 'glaucous' (covered in a waxy bloom). 

Adult leafform 

Although there is a great deal of variation in the juvenile leaf phase, there is a 

remarkable uniformity in the adult leaf phase in the genus Eucalyptus (Pryor 1976). 

Adult leaves, in most cases, are lanceolate (lance-shaped), alternate, petiolate, i.e. 

they have a leaf stalk, from which they hang with the leaf blade vertical, and they are 

usually green. They are isobilateral, or similificial, leaves and hence have the same 

structure on both sides of the leaf, including the same number of stomata (i.e. they are 

isostomatous, or amphistomatous leaves). 

Confounding effects due to sun and shade leaf dimorphism 

Leaf morphology and anatomy may be profoundly affected by the light environment 

under which it expands. Bolhar-Nordenkampf (1985) quotes examples of the typical 

enlarged, thinner shade leaf with anatomical differences and Dengler (1980) describes 

how these differences arise in Helianthus annuus. In the eucalypts, Cameron 

(1970a) has shown that juvenile E.fastigata leaves grown at 42 % of sunlight are 

larger than those grown at full sunlight. 



5.1 General leaf morphology of the eucalypts 52 

CanOllY height differences 

Pook (1984a) suggests that in E. macuiata, the average size of leaves increases 

gradually from top to bottom of tree canopies. This has been interpreted to be an 

adaptive trait that minimizes heat load on leaves while providing the maximum amount 

of energy for photosynthesis (Rogers 1975) and may also affect transpiration and 

water economy of trees. 

Seasonal differences 

In E. risdonii, there is undoubtedly an increase to a maximum size and then a decrease 

in leaf size during the course of a season. However, this periodicity in leaf size may 

be more frequent than a single annual event. Pook (1984a) has shown that E. 

macuiata, for example, produces leaves only when there is an adequate water supply 

and the temperature is greater than lOoe. Therefore, there may be an increase and a 

decrease in leaf size within a season. 

Qrittin of the shoot system 

As described above, a degree of "juvenilization" of leaf fonn commonly occurs in 

mature eucalypts. This return to juvenile leaf morphology may be slight and may last 

only a few nodes, as in the case of proleptic shoots, or the shoot may recapitulate the 

entire ontogenetic process from seedling leaves onwards if it arises from an epicormic 

bud that has remained suppressed for some years. Penfold and Willis (1961) suggest 

that the leaves fonned in this way are identical to the juvenile leaves but, more recently, 

Carr and Carr(1985) suggest that some features. such as the type of cuticular 

ornamentation, may not revert to those characteristic of the seedling. 

Leaf arrangement 

In addition to changes in leaf shape, the ontogeny of a plant frequently involves 

changes in phyllotaxis (the arrangement of leaves on the stem). Most changes in the 

dicotyledons involve a transition from the decussate arrangement, when the leaves are 

paired and opposite, and the long axis joining any pair is at right angles to the axis of 

the pair immediately above or below, to a derivation of that pattern, for example a 

whorled arrangement (Van Iterson 1907) or the normal spiral phyllotaxis (Goebel 

1928). 

This is also true for the eucalypts, for although the arrangement of the lea ves appears 

to vary considerably in a single individual at different stages of development, the 

simple, decussate plan underlies the organization of the leaf systems in all eucalypts, 

and all variations are derived ultimately from this single arrangement (Penfold and 
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Willis 1961) that Pryor (1976) regards as the "primitive" condition. 

In all except a very few species, the leaves form in pairs on opposite sides of a square 

stem, with consecutive pairs at right angles to each other (the decussate arrangement). 

The first few to many pairs in most species, the seedling and juvenile leaves, remain 

opposite despite the elongation of the stem; they may be sessile or petiolate (Brooker 

and Kleinig 1983). The more complex arrangements that characterize the adult phase 

of most eucalypts are produced by three processes: 

(1) elongation of the stem region between the members of each leaf pair 

(intranode), 

(2) twisting of the stem between internodes, and 

(3) twisting of the petioles. 

(1) Later pairs which have been formed opposite as usual at the stem apex as in the 

mature plant, become separated at their bases by unequal elongation of the stem, this 

adult leaf phase is, therefore, 'apparently alternate'. Williams (1975) describes the 

change in phyllotaxis as, "an escape into a condition usually described as 'alternate' 

but is really only a modification of the decussate." 

(2) Each successive juvenile leaf pair is usually arranged at right angles to the 

preceding one, this can be altered so that successive leaf pairs are parallel. 

(3) The third and final mechanism ofleaf arrangement in the eucalypts is the twisting 

of the petioles, leading to hanging or drooping leaves. 

Williams (1975) contrasted two species of eucalypt, E. grandis and E. bicostata, 

when examining the heteroblastic transition in phyllotaxis. In E. grandis~ the 

transition occurs early and smoothly, there is no sharp distinction between the juvenile 

and the mature leaves, only a progressive increase in size and a slow change in shape. 

In E. bicostata~ the juvenile leaf is opposite, stem-clasping and dorsiventral whereas 

the adult leaf phase is psuedo-alternate, petiolate and isobilateral. In this species, the 

transition tends to be abrupt and happens between growing seasons so that the leaf 

types are separated by a few bract-type leaves which readily abscise. 

Leaf morphology and phase change in E. risdonii and E. tenuiramis 

The validity of the taxa, E. risdonii and E. tenuiramis, has been shown to be 

questionable (Chapters 2 to 4), but in this section the names will be used in their 

present sense, discriminating the neotenous forms (typified by the Government Hills 

populations), from the form which undergoes phase change at a low height (an 

extreme example of which is the Randalls Bay population). In the E. risdonii 

phenotype, the leaf arrangement generally remains in the juvenile condition, with 
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decussate, connate leaves until a height of6 or7 m. As has been shown, some 

populations are constantly deflected from attaining this height by a combination of 

frequent firing and adverse growing conditions, and in some populations the adult leaf 

condition is rarely seen. On the other hand, E. tenuiramis phenotype does undergo 

the transition from the juvenile to the adult, alternate state. The height at which this 

transition occurs is subject to variation between populations (Chapter 2), within 

populations, and within families (Chapter 4). An illustration of this variability in the 

height of transition from the juvenile to adult foliage between "early" and "late" phase 

change E. tenuiramis seedlings, and the persistence of the juvenile form in E. 

risdonii, is illustrated in Fig. 5.1. Leaves were sampled from glasshouse grown 

plants (see section 5.3) at 10 node intervals, or at the first node of a change in the leaf 

arrangement, i.e. from connate to sessile and opposite, to sessile and alternate, or to 

the petiolate condition. 

The1eaf shapes in Fig. 5.1 not only illustrate the variability of the height of transition 

within a population (RB) but also an indication of the nature of this transition. 

Generally, the connate leaffonn gives way to a similarly-shaped sessile, opposite leaf 

but with the leaf bases separated. After a variable number of nodes, the leaves become 

alternate and then quickly progress to a petiolate condition and then an adult leaf shape. 

In some seedlings, however (often the ones that undergo the transition at an early 

stage) it appears that the connate juvenile leaf stage has been reduced to a very few 

nodes, and it is replaced by a slight extension of the sessile and opposite leaf stage. 

This appears to be an instance of 'predisplacement', in which a later stage in 

development ontogeny occurs earlier in the ontogeny of the descend~nt. This suggests )0 

that not only are paedomorphic processes, such as neoteny and progenesis, operating 

within the E. risdoniiltenuiramis complex. but that the timing of developmental events 

is subject to changes in all directions. 

5.2 Leaf anatomy of E. risdonii and E. tenuiramis. 

Introduction 

The development from the sessile, decussate to the petiolate, alternate leaf arrangement 

of the adult and juvenile phases of many eucalypts is associated with an alteration in 

leaf disposition; many juvenile leaves are dorsiventral whereas the adults are 

isobilateral. These differences are reflected in the anatomy of the leaf phases. 

Comparative studies of the juvenile and adult leaf anatomy of heteroblastic eucalypt 
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species, and their possible ecological significance, date back to at least 1926, when 

Johnson (1926) examined the extraordinary differences between the juvenile and adult 

foliage of E. g/obu/us, with regard to differences in the rates of transpiration. She 

found that the juvenile leaves were thinner, had a thinner lower and upper epidermis, 

possessed stomata on only the lower surface rather than both surfaces and that the 

mesophyll arrangement differed. The juvenile mesophyll was much thinner than in the 

adult, consisting of only one definite layer on the upper surface and another layer of 

elongated but relatively undifferentiated cells on the lower surface, with more air 

space. This contrasts with the much thicker and more densely packed palisade in both 

the upper and lower surfaces of the adult leaf. 

In a more recent study, Cameron (1970a) examined the anatomical differences 

between the juvenile, intermediate, and adult leaf stages of E .fastigata, relating those 

differences to the different light environments that each stage would ha ve to bear. His 

results were similar. The juvenile leaves of E.fastigata are dorsiventral, with two 

layers of palisade cells, the second of which is only weakly developed, and four or 

five layers of spongey mesophyll. Both the upper and lower epidermis have a thin, 

inconspicuous cuticle, and although stomata occur on both surfaces they are larger and 

much more abundant on the lower surface. By contrast, the adult E.fastigata leaf is 

isobilateral, much thicker, and possesses a heavily cutinized epidermis, with the cuticle 

overarching the guard cells. The internal structure also differs markedly, consisting of 

8-9 layers of closely packed palisade cells, but no spongey mesophyll, and the adult 

leaves contain many large oil glands. The stomata are the same size on both sides of 

the adult leaf and larger than the juvenile stomata and the difference in stomatal 

frequency between the two adult sides is smaller. 

Oil gland density 

Oil glands occur in the leaves of the majority of the eucalypt species, including E. 

risdonii and E. tenuiramis. Indeed, Ladiges et at. (1983) regard high oil gland 

density as both a characteristic universal to the subseries Amygdalininae and as a 

character useful in subdividing that taxon. These authors seem to suggest that the 

expression of the oil glands varies between the leaf phases of E. tenuiramis. Carr and 

Carr (1969) suggest that the expression of oil glands in the bark of a wide range of 

eucalypts is not directly associated with the transition from juvenile to adult foliage but 

may take place at different stages in the ontogeny of different species. On the other 

hand, in the paedomorphic species of the Corymbosae, they point out that there is a 

close relationship between the "morphologically signalled foliar age change" and the 
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development of the oil ducts. For example, E. setosa, a species that normally has a 

very prolonged juvenile phase, was found to produce a full set of ducts at precisely the 

same point at which the change over to the adult foliage occurred. While there is no 

apparent connection between the presence of an oil duct system and the presence of oil 

glands in the leaf surface, it was felt that the relationship should be examined. 

Leaf wax 

In a wide-ranging study of the eucalypt leaf waxes, Hallam and Chambers (1970) 

found that, with a few exceptions, the wax type remains the same, irrespective of any 

change in leaf morphology, although its distribution and density may differ. They 

suggest that there is a remarkable constancy in wax arrangement and morphology and 

that it is stable and fully developed by the fourth leaf from the apex. The most 

representative wax for a species was found on young leaves that had just completed 

expansion. Despite the wide variety of species, the eucalypt leaf waxes fall into two 

types, plates that are 'structural', resulting in a dull matt appearance rather than the 

shiny surface of a smooth cuticle, and tubes that are 'non-structural' and that are 

responsible for the glaucous bloom on many juvenile leaves. Nearly all eucalypts may 

be classified by the relative proportion of each wax type that the leaf surface contains. 

In addition, the degree of wax cover in different species varies from uniform and 

complete to an open cover where cuticle is showing between the plates or clumps of 

tubes. The complexity of the tubes also varies considerably, they may be simple or 

many-branched, and the edges of the plates may be entire, sinuate, crenate, or digitate. 

Hallam and Chambers (1970) found that E: tenuiramis and E. risdonii have an 

identical wax cover, made up of simple acute-angled branching tubes forming an 

almost complete cover. 

Most comparative anatomical studies seem to have accepted the theory that the juvenile 

phase of eucalypts, like many other tree species, are the shade-bearing phase, complete 

with large leaves arrayed for maximum light interception, and adapted for a more mesic 

environment, with larger, thinner leaves with less cuticular protection. Eucalyptus 

tenuiramis, however, is found on poor, well-drained, mudstone-sandstone soils and 

usually develops a sparse, open canopy, such that regeneration would rarely be light

limited. The Government Hills E. risdonii phenotype occupies a habitat that is subject 

to even greater environmental constraints (lower rainfall, steep north-west facing 

slopes, shallower mudstone soils) and is often maintained in a low, mallee habit by 

regular burning. The similar juvenile morphology of both fonTIS share some of the 
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superlicial characteristics of these other juvenile phases, but clearly they differ in 

function. 
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This study examines the anatomy and vestiture of the juvenile and adult leaf types of an 

extreme E. tenuiramis phenotype and the juvenile leaf type of the extreme E. risdonii 

phenotype to determine the differences in structure and, by implication, function, 

between these dry sclerophyll taxa in which the juvenile phase is subject to high light 

intensity, and poor nutrient and water availability, and those wet sc1erophyU species in 

which the juvenile phase is the shade-bearing phase. 

Materials and Methods 

Four fully-expanded leaves were selected from each of four seedlings (see above) of 
G.I·e"'." ........ ·~ 

each of E. risdonii, juvenil~ran(raault E. tenuiramis. Transverse sections of the leaf 

blade were cut, and mounted in glycerol and examined under a light microscope at x 

400 magnification. The thickness of each tissue layer was measured, with the help of 

a calibrated grid, and representative transverse sections were drawn, using a projection 

tube. 

Stomatal frequencies, and the lengths of the stomatal pore and associated guard cells, 

were determined from the adaxial and abaxial surfaces of similar leaves. Clear nail 

vamish was used to obtain replicas of theepidermallayer (Bolhar-Nordenkampf 

1985). The replicas were then mounted in glycerol and examined under a light 

microscope at x 400. In determining stomatal length, the larger, partly-opened stomata 

were measured from a number of locations across the leaf. Stomatal frequencies could 

not be converted to a 'stomatal index', relating the number of stomata per unit leaf area 

to the number of epidennal cells per unit leaf area (Salisbury 1928) because the 

epidermal cells could not be adequately defined from the replicas. However, SEM 

photographs reveal that the external size of the epidermal cells do not appear to differ 

markedly between leaf surfaces or between leaf forms. 

A ratio of the maximal stomatal area (including the guard cells) per unit leaf area was 

approximated by assuming that the length of the partly-opened stomata that were 

measured equates to the diameter of the stomata when fully open (Willmer 1983). 

Thus, 

max:imal stomatal area ratio = n.l 'Ugmata lengtha)2 x No. of stomata per 
unit leaf area, 

Scanning electron microscopy (SEM) was used to examine the leaf wax characteristics. 



S~gm~nts of r~c~nt, fully-~xpand~d kav~s W~rt; mount~d on aluminium stubs and 

coat~d with gold in a vacuum evaporator. 
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Oil gland d~nsity was d(;t~nnined by microscopic examination of the oil glands by 

dir~ct light transmission through the leaf, from single lea ves sampled at the 10th, 20th, 

30th, 40th, and, where possible, the 50th node, from the main axis of each of six 

seedlings of E. risdolZii, "late phase change" and "early phase change" E. telZlIiramis. 

Leaf weight was determined by taking four 9 mrn leaf disks from five leaves of each 

plant, drying them to a constant weight (at 50°C for 24 hrs.). 

Results 

Grown under the same conditions, E. risdolZii leaves are c. 9% thicker than the 

juvenile E. telZlIiramis lea ves and c. 17.5% thicker than the adult E. telZlIiramis 

leaves (Table 5.1). All three leaf types appear to have a basically similar anatomical 

structure consisting of a well-developed upper and lower cuticle, single layers of 

cutinized upper and lower epidennal cells, and double layers of palisade parenchyma 

separated by two or three layers of spongey parenchyma cells. However, there are 

quite distinct differences between the two juvenile leaf types (E. risdolZii and juvenile 

E. telZlIiramis) and the adult E. telZlIiramis (Fig. 5.2). 

The greater leaf thickness of E. risdolZii is reflected in almost all layers (Fig. 5.3), but 

especially in the epiderrnallayers and the cuticle. Both of the juvenile leaf forms have 

well-developed upper palisade layers but weaker lower palisades. By comparison, the 

adult leaf form shows a relatively uniform development of both external palisade layers 

but poorly-developed second palisade layers. The term "well-developed" palisade 

parenchyma cells describes elongate, narrow cells that are tightly-packed, whereas 

"poorly-developed" refers to shorter, wider cells with greater intercellular spaces, 

perhaps intergrading with the spongey mesophyll. 

Table 5.2 emphasizes the larger size of ~rE E. risdolZii epidermal cell layers; th(;se 

layers comprise a greater proportion of/E. risdolZii leaf than in the adult E. K 

telZlIiramis, which, in tum, is relatively thicker than the juvenile E. telZlIiramis 

epidermis. On the other hand, the middle palisade layers of the E. risdolZii leaf are 

relatively thinner than those of the juvenile E. telZlIiramis but, as can be seen in Fig. 
Ie:.". 

5.2, the upper palisade II layer of the E. risdolZii-ls the more highly developed. 
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Leaf disk weight 

There is a significant difference (p :5; 0.0001) between the dry weights of leaf disks 

from all three leaf forms. An obvious correlation exists between the dry weight of the 

leaf type and the leaf thickness, with the thickest leaf (E. risdonii) heavier than 

juvenile E. tenuiramis, which is heavier than the thinnest leaf, the adult E. tenuiramis 

(see Table 5.3) 

Stomata and leaf cuticle 

From Fig. 5.4 and Table 5.4 it can be seen that there are small but significant 

differences in both the size and the density of stomata on the abaxial and adaxial sides 

of the three leaf types. The sizes of the E. risdonii and j uvenile E. tenuiramis stomata 

are similar. In both cases, the adaxial stomata are slightly larger (3% and 4%, 

respectively) than the abaxial stomata and less frequent (23% and 24%, respectively) 

(p :5; 0.005). As can be seen from Fig. 5.4, there is no significant difference between 

the length of the E. risdonii andjuvenile E. tenuiramis abaxial stomata. 

The stomatal size and frequency on the adult leaves differs quite markedly from the 

juvenile leaf types. The adult stomata are longer (p :5; 0.0005) than either of the 

juvenile stomata and, further, there is no significant difference in length between the 

two leaf sides (p > 0.4) and only a 3 % difference in the stomatal frequency. When the 

stomatal frequency and length are combined to obtain the ratio of stomatal area to unit 

leaf area, it can be seen from Table 5.5 that the maximal stomatal area is smaller in E. 

risdonii than in the juvenile E. tenuiramis and, in both juvenile forms, there is less 

stomatal area on the adaxial surface than on the abaxial surface. By contrast, there is 

little difference between the two sides of the adult leaf, which has a higher proportion 

of stomatal area. 

In all three leaf types, the stomata are scattered fairly uniformly over the leaf surface, 

although they are absent from the epidermis covering the leaf veins. The stomata are 

sunken in depressions in the leaf surface in all three leaf types. This is most highly 

developed in E. risdonii, where both leaf surfaces are highly rugose (because of the 

greater size of the epidermal cells, perhaps) and the stomata are hidden in the folds of 

the convolutions (Fig. 5.5). 

The oil glands of both species are similar in size and appearance, but differ markedly in 

density during development. In all three leaf types, the E. risdonii, late phase change 
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E. temu'ramis and early phase change E. tenuiramis, there is an increase in oil gland 

density with increasing mxie number. At all nodes, the E. risdoni/~ more 
"'" h numerous oil glands than the E. tenuiramisl(Fig. 5.6). While there is no significant 
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difference between the lower nodes of the two forms of E. tenuiramis nor between the 

upper nodes, there is a significant difference (0.0005 < p ,,; 0.005) in density at nodes 

35 and 40 that appears to be associated with the transition from juvenile to adult 

foliage. It appears that the juvenile leaf form is associated with an oil gland density of 

c. 50 cm-2, whereas the adult leaves may have more than 200 cm-2. 

Despite the higher density of the oil glands on the adult leaf, the marginal oil glands of 

"* the juvenile E. tenuiramis, and of the E. risdon¥: appear to be more prominent. ), 

These glands are associated with, and exaggerate, slight indentations of the leaf 

margins, giving a crenate appearance to some of the juvenile leaves. 

The wax covering on all three leaf types is complete and very similar in nature. It is 

largely comprised of simple, acutely-branching tubes, that give all three leaf types their 

characteristic, glaucous bloom. These tube waxes overlay plate waxes with digitate 

edges, which form a sparse, honeycomb-like structure on the cuticle. In all three leaf 

types, both surfaces are densely covered but it appears that the wax on the upper 

surface of the adult leaf is denser than the lower, whereas it is the opposite in the 

juvenile leaf. Both leaf surfaces of E. risdonii appear to be uniformly heavily covered 

in leaf wax. 

Discussion 

Grown under glasshouse conditions the juvenile leaf forms were thicker than the adult, 

with the E. risdonii thicker than the E. tenuiramis. This thickness is reflected in all 

layers but especially the epidermal layers and the cuticle, which reach their maximum 

development in E. risdoni!'. These results differ from other anatomical studies 

contrasting the juvenile and adult foliage of eucalypts. Johnson (1926) [E. globulus j, 

Pereira and Koslowski (1976) [E. globulusj, and Cameron (1970) [E.fastigata and 

E. camalduJensisj all described thick adult leaves and thin juvenile leaves. The 

difference does not arise because the adult E. tenuiramis leaf is particularly thin 

(although it is slightly thinner than the E. globuJus adult leaf, but about the sarne as 

the E. camaldulensis) but because the juvenile forms of E. tenuiramis and E. risd01u"i 

are nearly twice the thickness of the comparable foliage of the other species. 
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As in the shade-bearing species, the juvenile leaves of both the E. risdonii and E. 

tenuiramis forms were dorsiventral in structure, with more highly developed upper 

palisade layers than lower. But this difference is not as marked as in other species and 

the juvenile leaves of both the E. risdonii and E. tenuiramis forms possess distinct 

lower palisade parenchyma layers, and also better defined second upper palisade 

layers, the combination of which results in the greater leaf thickness. 

The stomatal size and frequency was in accord with that reported for other species, 

with the adult leaf being relatively isostomatous and having larger stomata, whereas the 

juvenile leaves were hypostomatous, with smaller stomata. The stomata of E. risdonii 

and both phases of E. tenuiramis appear to be be moderate in size, falling well within 

the range between the largest, from the upper surface of adult E. alpina leaves 

(70llm), and the smallest, from the juvenile leaves of E. citriodora (18Ilm) (Penfold 

and Willis 1961). These results concur with the tendency in the eucalypts for the 

stomata of juvenile leaves to be smaller than those of the adult 

In the majority of the eucalypts, stomata are evenly distributed on both sides of the 

adult leaf, but exclusively on the lower surface of juvenile leaves (Penfold and Willis 

1961), as is the case in E. globulus (Johnson 1926; Pereira and Koslowski 1976), or 

nearly so, as in E. camaldulensis (pereira and Koslowski 1976) and E. Jastigata 

(Cameron 1970). The juvenile leaves of E. risdonii or E. tenuiramis appear to be 

more amphistomatic than the juvenile leaves of other species. Both species fall well 

within the extremes of stomatal density: 610 mm-2 for E. macrorhyncha. to 55 mm-2 

for adult E. globulus (Penfold and Willis 1961). 

Although the two juvenile forms are similar in most anatomical characteristics, this is 

not the case in the oil gland density. Oil gland density appears to be related to 

ontogenetic development, with progressively higher leaves having greater oil gland 

densities. The transition to the adult foliage in E. tenuiramis (or at least the 

commencement of the altemate habit) accelerates this increase in density. One might, 

therefore, expect the leaves of E. risdonii to have relatively few oil glands. The 

opposite is true; E. risdonii leaves have a higher oil gland density at every comparable 

node. 

Thus, the leaf anatomy of the juvenile leaf phase of the E. risdonii and E. tenuiramis 

forms differ in some characteristics from those of other species described in the 

literature. These characteristics appear to be xeromorphic in nature: thicker leaves, 

thicker cuticular and epidermal layers, and a more isobilateral structure in both 
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photosynthetic tissue and stomatal distribution. These characteristics suggest that the 

juvenile phase of both species, unlike the juvenile phase of E.fastigata (Cameron 

1970a), is unsuited to light-limited conditions. Furthermore, Cameron (1970b), 

Thomas and Barber (1974a,b) and others have shown that non-structural wax 

covering of the juvenile leaves of Eucalypt species increases the reflectance from c. 5 

% to 15 % of the total incident light (400 to 700 nm wavelength) and reduces the 

photosynthetic efficiency of leaves at low light intensities. Therefore, the heavy tube 

wax covering of the juvenile leaves of the E. risdonii and E. tenuiramis fonns are 

unsuitable for low light envirorunents and are far more likely to be adaptations to 

prevent inhibition of photosynthesis by high light intensities and concomitant high 

temperatures. 

On the other hand, glaucousness may be a truly xeromorphic character. The superior 

drought resistance of a species is frequently ascribed to a lower cuticular transpiration. 

Levitt (1980) quotes examples of a range of plant types in which the removal of a thick 

wax bloom increased the transpiration rate. This suggests that the glaucous wax layer 

of E. risdonii and E. tenuiramis may decrease cuticular transpiration. Hallam and 

Chambers (1970) found that a number of arid zone eucalypt species have simple tube 

waxes, which suggests that this character may have such an adaptive significance. 

Therefore it is clear that the marked heteroblastic development in E. tenuiramis is not 

associated with limited light conditions in a regenerating forest but with limited soil 

water availability and/or poverty of soil nutrients. As Givnish (1984) suggests, the 

distinction of these two interrelated forces is problematical. The E. risdonii fonn from 

the Government Hills shows an even greater development of these xeromorphic 

characteristics (with better developed palisade parenchyma, thickened cuticle and 

waxes, sunken stomata (Bolhar-Nordenkampf 1985) and thicker leaves (Givnish 

1978)). Progeny from this provenance also exhibit a slower growth rate and smaller 

leaf size (Chapters 2 to 4), and the greatest retention of the juvenile leaf habit This 

strongly suggests that this example of neoteny has arisen because of the advantages 

conveyed by the xeromorphic characteristics of the juvenile leaf phase. 
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5.3 Photosynthetic response in E. risdonii and in the juvenile and 

adult phases of E. tenuiramis. 

Introduction 

As has been discussed above, conventional wisdom explains the ecological basis for 

the striking heteroblastic development of many eucalypts in tenns of the contrasting 

light intensity environments of seedlings and tall trees. Lawrence (1940) was, 

perhaps, the first to suggest that the juvenile foliage of E. obliqua is the shade-bearing 

stage, and more recent work by Cameron (1970a) on E.fastigata, and by Ashton and 

Turner (1979) on E. regnans have confirmed that the juvenile foliage of these wet 

sclerophyll eucalypts are not only anatontically but also physiologically suited to a 

mesic, lower light intensity environment of a partially-cleared forest floor rather than 

the high light environment of the canopy. Ashton and Turner (1979), for example, 

examined the light compensation point (IJ of juvenile, intermediate and adult E. 

regnans leaves and found a marked increase in Ie from juvenile to adult leaf stage. 

Although the juvenile leaf phase of the dry sclerophyll species E. tenuiramis displays 

some of the superficial characteristics that Cameron (1970a) cited as favouring growth 

at low light intensities, such as opposite arrangement of successive leaf pairs, 

horizontal orientation and dorsiventral structure, thick lamina, and strong apical 

dominance, other factors, such as the presence of light-reflecting waxes and a leaf 

anatomy displaying xeromorphic characteristics, strongly suggest that the heteroblastic 

development of E. tenuiramis is in response to a markedly different set of selective 

forces. Instead of being the shade-bearing phase, it appears that the juvenile leaf phase 

of E. tenuiramis is adapted to reduce light interception; with the juvenile leaf type of 

the Government Hills E. risdonii phenotype, found in sites with high insolation loads 

(open, northwest-facing slopes with light-coloured soil) demonstrating the greatest 

development of these characteristics. 

In this section, the photosynthetic responses of the three leaf types, the juvenile and 

adult leaves of E. tenuiramis, and the juvenile leaf of the Government Hills E. 

risdonii, are examined and compared with the photosynthetic characteristics of the 

heteroblastic leaf phases of the wet sclerophyll species, such as E.fastigata (Cameron 

1970a) and E. regnans (Ashton and Turner 1979). 
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Materials and Methods 

E. risdonii and E. tenuiramis plants were grown from open-pollinated seed collected 

from a number of mothers from a natural stand in the Government Hills (GHHl)and 

Randalls Bay (RB), respectively. The plants were grown in individual pots filled with 

potting mixture, under a natural light regime and were watered daily and nutriented 

with 'Aquasol' weekly for 12 months in a glasshouse maintained at a day/night 

temperature of 21/16°C. At the time of the experiment, they were approximately 1.5 m 

tall. Such is the ontogenetic variability of l' E. tenuiramis that some seedlings 

remained juvenile at this size whereas others had made the transition to adult foliage. 

All E. risdonii remained in the juvenile phase for the duration of the trials. The 

seedlings were grown under full daylight for several weeks before measurement to 

ensure maximum rates of photosynthesis were attained. Temperature-dependence 

curves of photosynthesis were measured from two or three fully-expanded leaves of 

each plant; using four E. tenuiramis juvenile plants, four E. tenuiramis adult plants 

and four E. risdonii plants. 

Measurements 

The net photosynthetic rates of juvenile leaves from the E. risdonii and E. tenuiramis 

plants and of adult leaves from E. tenuiramis were measured using an infra-red gas 

analyser. The use of the IRGA followed that of Hill et al. (1988). Humidified air 

containing 340 ppm CO2 was pumped at OAl.min-1 through a reference line and a leaf 

chamber with a cross-sectional area of 0.001 m2. Leaf -air vapour pressure differences 

were kept as small as possible. The post-chamber air in both the sample and the 

reference lines was dried and CO2 uptake by the leaf was measured by an ADC Series 

225 Infra Red Gas Analyser. Output was recorded on a Mace chart recorder. Leaf 

temperature was measures by a thermocouple in contact with the underside of the leaf. 

The light source was a 150 W 'Agfa' slide projector. Photosynthetically active 

radiation was measured with a 'LiCor L-185' meter with quantum sensor. For the 

temperature-dependence curves, the light intensity was maintained at 830 Ilmol quanta 

m-2.s-1, at the leaf surface. Leaf temperature was controlled by a water/glycerol 

mixture entering chambers above and below the leaf chamber. To obtain the 

temperature-dependence curves, measurements commenced at lOoC and were taken at 

increments of 5° to a maximum of 40°C. Each curve took 4-5 h to complete. There 

was no measurable deterioration in plant response over this period except that induced 

by changing temperatures. Plant responses were detected within 1 minute of the 

change in temperature and stabilized within 5 minutes. The temperature of the chamber 
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was altered at a rate of O.soC.min-l_ Leaf area was measured photometrically. 

Light saturation curves were measured on the opposite leaf of the pair using a similar 

method but with the light intensity as the variable. Temperature of the leaf surface was 

maintained at 20'C while light intensity was decreased from a maximum of 1660 ~mol 

quanta.m·2 s·! to 0.03 ~mol quanta.m·2.s·! in 16 stages. 

In the figures, each point is the mean value of from eight to thirteen measurements, and 

the 9S% confidence intervals are represented by vertical bars. The level of significance 

of the difference between foliage types was determined using one-way analysis of 

variance and between pairs using Fisher's PLSD (Statview 19BB). The light 

compensation points for each foliage type were derived from the y-intercept of the 

'curve of best fit of the four lowest quantum flux density measurements and respective 

net CO2 uptakes 

Results 

Light response of photosynthesis at differing flUX densities 

At the lowest quantum flux density of 0.03 ~mol quanta m·2,S·! (near-darkness), the 

juvenile E. tenuiramis has a lower rate of dark respiration (p < 0.0003) than the E. 

risdonii and the adult E. tenuiramis, suggesting that a lower flux density is sufficient 

to balance respiration. Thus, the light compensation occurs at lower flux densities 

(Table 5.6) and, at low light levels (below 105 ~mol quanta m·2 s·l ) , the juvenile E. 

tenuiramis has a higher rate of net photosynthesis than both the adult E. tenuiramis 
Je«ve \ 

and the E. risdoni.;, with their higherrates of respiration. Indeed, the juvenile E. 

tenuiramis is relatively more efficient than the adult E. tenuiramis and the E. risdonii lea.ve.s 

until near-saturating light levels are reached (>B 15 ~mol quanta m-2s'!) (Fig. 5.7 (b)). 

At flux densities near light saturation, the photosynthetic resp::mses of the two juvenile 

leaf types are not significantly different, whereas both are lower than that of the adult 

leaves (p < 0.006 at 1650 ~mol quanta m·2 s· I). However, it might be suggested that 

E. risMnii may not have fully reached light saturation at 1650 ~mol quanta m·2.s-! 

(the maximum flux density measured); it certainly appears to be greater than the 

saturating light intensity of the two E. tenuiramis leaf types (c. 1110 ~mol quanta m' 

2.s·I ) . 
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Temperature-dependence of photosynthesis 

The two juvenile foliage types exhibit virtually identical net photosynthetic responses at 

a range of measurement temperatures from 12°C to 40°C. The adult foliage type of E. 

tenuiramis, however, has a greater photosynthetic rate per unit area than the juvenile 

leaves at all measured temperatures (p < 0.001 at 12°C, p < 0.001 at 25°C, p < 0.007 

at 40°C). The optimal temperature for photosynthesis in these plants (acclimated at 

2l/16°C) appears to be to be the same for all three leaf types, 25°C. In fact, the 

relative rates of photosynthesis are not sigrllficantly different (p < 0.193 at 15°C, p < 
0.168 at 40°C) at any measurement temperature. The temperature-dependence curves 

are nearly symmetrical about the maximum, with the plant's productivity declining to 

about 60% of maximum at either extreme. 

Discussion 

The light saturation curves reveal that both E. risdonii and E. tenuiramis phenotypes 

are 'sun' plants with a moderate rate of photosynthesis (c. 20 ~mol.m-2.s-1) under 

normal conditions. The photosynthetic response to different quantum flux densities 

suggests that the juvenile foliage of E. tenuiramis is a more shade-bearing phase than 

the adult, and therefore differs markedly from the superficially similar foliage of , 

E. risdonii, which appears to be adapted to even higher light conditions than the adult 

E. tenuiramis. 

Other studies have clearly demonstrated that the juvenile phase of wet sclerophyll 

species is adapted to lower light conditions (E.jastigata, Cameron 1970a; and E. 

regnans, Ashton and Turner 1979). However, the regeneration environments for 

these species and that of E. tenuiramis are clearly different, with the juvenile E. 

regnans expected to persist on the forest floor under low light conditions for several 

seasons until a suitable break in the canopy occurs, or under conditions of strict 

competition for light with myriads of other seedlings following a fire. The dry 

sclerophyll E. tenuiramis forests are open and sparse by comparison and light is very 

rarely a limiting factor. Nevertheless, a similar phenomenon is noted, although the 

compensation point of the juvenile E. tenuiramis is, of course, higher than that of the 

juvenile E. regnans leaf. 

The relatively low photosynthetic rate of E. risdonii, at less than saturating light 

levels, is probably due to greater interference by the thicker epidermal layers. The 

cuticle covering the upper surface is slightly thicker in E. risdonii than in juvenile and 
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adult E. tenuiramis but the greatest difference is in the thickness of the upper 

epidermal ceUlayer. In addition, the E. risdonii juvenile leaves (like both adult and 

juvenile E. tenuiramis leaves) are covered in a dense mat of simple tube waxes which 

give the leaves their glaucous appearance. These waxes have been shown to have a 

marked effect on the reflectance of visible light, both in this species (Appendix I) and 

in others (e.g. Thomas and Barber 1974a,b). These features are clearly inconsistent 

with efficiency in light harvesting and indicate that the juvenile leaf anatomy and 

physiology ofthe Government Hills E. risdonii phenotype is adapted to a void 

excessive light in high insolation environments. This presents the paradox of a 

juvenile leaf morphology that maximizes light interception with its opposite, decussate 

and sessile leaf insertion, but minimizes light absorption with thick epidermal layers, 

thick cuticle, and a highly reflective epicuticular wax layer. The differences between 

the juvenile leaf forms of the E. risdonii and E. tenuiramis phenotypes implies that 

leaf anatomy and physiology appear to be as flexible in the face of selective pressures 

as morphology. 

Clearly, the pendulous, petiolate leaf habit of the adult phase would be more efficient 

in avoiding high insolation loads than the juvenile leaf type, and there is no reason to 

imagine that the adult leaf is less flexible in its anatomical response to excessive light 

levels, yet the juvenile leaf phase is retained to its greatest extent in the most extreme, 

droughted, high insolation sites. This suggests that the juvenile leaf type conveys 

some advantage other than the avoidance of high light levels. One such advantage that 

might be conveyed by the juvenile morphology is an extended leaf life. The sessile, 

connate leaf attachment may result in less leaf abrasion, or less damage to the 

conducting tissue, permitting a longer life and a more efficient use of nutrients. It is 

more likely, however, that the overriding selective advantage is related to drought 

tolerance. The evolutionary plasticity of the anatomy of the E. risdonii form suggests 

that any such advantage is likely to be morphologically-based, and the steep cline in the 

retention of the juvenile leaf morphology on the eastern shore of the River Derwent 

suggests that the selective pressures involved are high. The variation in drought 

response in the juvenile and adult leaf types within the E. risdoniiltenuiramis complex 

clearly warrants investigation. 



Table 5.1 Mean thickness ()..lm) ±standard error of each tissue layer in E. risdonii, 
juvenile E. tenuiramis, and adult E. tenuiramis leaves (n=16). 

Tissue e.. dIdolJii IIIV~nill: Adliit 
Mean ±s.e. Mean ±s.e. Mean ±s.e. 

Cuticle (ad.) 12.1 0.88 11.4 0.40 10.0 0.55 
Epidennis (ad.) 21.8 1.00 15.1 0.55 15.5 0.56 
Palisade I (ad.) 58.0 2.65 51.8 2.00 44.6 1.46 
Palisade I I (ad.) 41.8 2.10 43.3 1.53 33.0 1.47 
Spongey P. 81.8 6.07 76.1 4.59 70.8 5.80 
Palisade II (ab.) 37.5 2.23 39.1 1.60 35.0 1.56 
Palisade I (ab.) 41.5 2.68 36.4 1.78 35.5 1.27 
Epidennis (ab.) 20.4 1.10 13.0 0.66 15.3 0.77 
Cuticle (ab.) 11.1 0.73 10.0 0.52 9.4 0.60 
Total 325.9 11.85 296.1 8.55 269.0 7.16 

Table 5.2 Mean thickness ±standard error of each tissue layer expressed as a % of 
tbe total thickness of each of E. risdonii, juvenile E. tenuiramis, and 
adult E. tenuiramis leaves (n=16). 

Tissue e dsdorJii Juv~nil~ Adult 
Mean ±s.e. Mean ±s.e. Mean ±s.e 

Cuticle (ad.) 3.7 0.27% 3.8 0.13% 3.7 0.20% 
Epidennis (ad.) 6.7 0.31% 5.1 0.18% 5.8 0.21% 
Palisade I (ad.) 17.8 0.81% 17.5 0.68% 16.6 0.54% 
Palisade II (ad.) 12.8 0.64% 14.6 0.52% 12.3 0.55% 
Spongey P. 25.1 1.86% 25.7 1.55% 26.3 2.16% 
Palisade II (ab.) 11.5 0.68% 13.2 0.54% 13.0 0.58% 
Palisade I (ab.) 12.7 0.82% 12.3 0.60% 13.2 0.47% 
Epidennis (ab.) 6.3 0.34% 4.4 0.22% 5.7 0.29% 
Cuticle (ab.) 3.4 0.22% 3.4 0.17% 3.5 0.22% 
Total 100.0 3.63% 100.0 2.89% 100.0 2.66% 



Table 5.3 Mean leaf disk dry weight (mg) ±s.e. and melln leaf thicknesses (~lm) of 
each of the three leaf types, E. risdonii, and juvenile and adult E. 
tenuiramis (n=80). 

E. risdonii 
Juvenile 
Adult 

Disk weight 
Mean ±s.e. 

7.53 ±0.20 
6.87 ±0.26 
6.36 ±0.15 

Leaf thickness 
Mean ±s.e. 

325.9 ±11.85 
296.1 ±8.55 
269.0 ±7.16 

Table 5.4 Mean stomatal frequency (per mm2) ±s.e. on the adaxial and abaxial sides 
of E. risdonii, and juvenile and adult E. tenuiramis leaves. Values with the 
same superscript are not significantly different (p=0.05 level, n=320). 

Adaxial 

Abaxial 

E. risdonii 

111±1.3 

146±1.8a 

Juvenile Adult 
E. tenuiramis E. tenuiramis 

149±2.0a 

194±2.0 

I 62± 1.5 

I 67±1.4 

Table 5.5 Ratio of stomatal area to leaf area on the adaxial and abaxial sides of E. 
risdonii, juvenile E. tenuiramis, and adult E. tenuiramis leaves. 

Adaxial 
Abaxial 

E. risdonii 

0.11 
0.14 

Juvenile Adult 
E. tenuiramis E. tenuiramis 

0.16 
0.19 

0.20 
0.20 

Table 5.6 Light compensation points (~lmol quanta m- 2s- i ) of E. risdonii, juvenile 
and adult E. tenuiramis at a measurement temperature of 20°C and at 
350ppm CO2, Figures for E. regnans come from Ashton and Turner (1979) (20°C and 
300ppm). 

Juvenile 
Adult 

E. risdonii E. tenuiramis 

11.9 5.8 
10.5 

E.regnans 

3.5 
6.5 



Figure 5.1 Leaf shape changes with onlogeny in (a) E. risdonii that remains in the 
juvenile leaf phase, (b) E. tenuiramis that makes the transition relatively 
late and (c) E. tenuiramis that undergoes early phase change. Leaves are 
sampled al 10 node intervals or at the node of change from sessile to petiolate or from 
opposite leaf insertion to altem:J,te. Individual codes refer to phenotype (R from Government 
Hills, ET from Randalls Bay), mother, and individual. Dashed lines indicate the extent of 
fusion of the leaf bases. 
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Figure 5.2 Tbree representative transverse sections or eacb or (a) E. risdonii, (b) 
juvenile E. tenuiramis and (c) adult E. tenuiramis lear laminas, sampled 
rrom recent, rully-expanded leaves rrom a similar beigbt (c. 50tb node). 
C = cuticle, UE = adaxial epidermis, PPI = ada~al p:ilisade parenchyma I, PPII = adaxial 
palisade parenchyma II, and SM = Spongey mesophyll. Scale is 200 Il1n long, each 
division is 20 ~m. 
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Figure 5.3 Mean tbickness of each tissue layer in E. risdonii, juvenile E. 
tenuiramis, and adult E. tenuiramis leaves (n=16) and 95% confidence 
limits. 
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Figure 5.3 Mean tbickness of eacb tissue layer in E. risdonii, juvenile E. 
tenuiramis, and adult E. tenuiramis leaves (n=16) and 95% confidence 
limits or tbe total leaf widtb. 
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Figure 5.4 Mean lengtb (J,tm) or stomata on tbe adaxial and abaxial sides of' E. 
risdonii, juvenile E'. tenuiramis, and adult E. tenuiramis leaves. Values 
with the same superscript are not significantly different (p=O.05level, n=160). 
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Figure 5.5 Tbe rugose lear surrace or (a) E. risdonii, and the lear surraces or (b) 
juvenile and (c) auult E. tenuiramis (39 x). 
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Figure 5.6 Oil gland density cbanges witb pbase cbange in early pbase cbange E . 
tenuiramis and late pbase cbange E. tenuiramis. The mean node at which the 
early and late phase change E. tenuiramis become Memate are indicated by dashed lines. 
Standard error bars are indicated where large enough. 
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Figure 5.7 Ligbt-saturation curves for tbe tbree leaf forms at a measurement 
temperature of 20°C. 
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Figure 5.8 Temperature-dependence of photosynthesis of E. risdonii and juvenile 
and adult E. tenuiramis. 80th net (a) and relative (b) CO2 uptake is 

presented. Vertical bars are 95% confidence mtervals. 
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CHAPTER 6 

Environmental control of phase change in E. tenuiramis 

Abstract 

The effect of photoperiod on the transition from the juvenile to the adult leaf phase 
(phase change) was examined in a heteroblastic species, E. tenuiramis. The results 

from the first trial suggest that photoperiod does not affect phase change since no 
differences were observed between treatments in the chronological time, nor number of 
nodes, taken to reach phase change. The longer photoperiod treatments did, however, 

result in longer internodes producing a difference in the height at which plants attained 

the adult leaf shape. 

A second trial, conducted under higher temperature and light intensity conditions, 

emphasized the reliability of physiological time (as measured by node number), rather 

than height or chronological time, as an index of ontogenetic development in E. 
tenuiramis. The number of nodes required to attain phase change is not, however, 

immutable, for the plants grown in the second trial attained phase change in slightly 
fewer nodes than in the first trial. This small acceleration of phase change does not 

appear to be related to the extended periods of high light intensity or higher 

temperatures, but to the light intensity itself. With this exception, it appears that the 

attainment of phase change is dependent on the expansion of a certain set number of 
nodes, and that the chronological time required to make the transition from the juvenile 

to the adult leaf phase is dependent upon the rate at which those nodes are exp anded. . 

Introduction 

It is now generally accepted that the most effective method of inducing phase change, 

in most woody species, is to grow the plants to a certain minimum size as rapidly as 
possible. Therefore, environmental conditions that promote rapid growth also promote 

the change from the juvenile to the adult phase (Visser 1970; Kozlowski 1971; Kester 

1976; Zimmerman et al. 1985). This transition is most commonly defmed as the 

ability or potential to flower (Zimmerman 1973; Hackett 1985) because itis both a 

consistent character between species and because the precocious induction of flowering 
is usually the aim of plant breeders and horticulturalists. Consequently, most of the 
literature concerning the manipulation of phase change in woody plants refers to the 

induction of flowering, usually in either fruit tree species or forest tree species 

(Zimmerman 1972; Hackett 1985; and references therein). 



6.1 Photoperiod and growth 

By limiting the definition of phase change in this way, many experimental results are 
confounded by the need to expose the seedlings to two sets of treatments: conditions 
assumed to promote phase change and, then, conditions known to favour flower 

initiation (Hackett 1985). This second treatment is unnecessary if phase change is 

indicated by morphology, as in the heteroblastic species, E. tenuiramis. 
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It was recognized shortly after the tum of the century that conditions favouring increased 

rate of growth of the plant lead to a reduction in the length of the juvenile phase (Goebel /. 

1908; Vischer 1915; Lakon 1918). Lakon (1918), for example, suggested that the 
production of the adult fonn was favoured by: strong lighting, pure water, clean sand, 

and feeble rooting. Rather than viewing these factors as promoters of growth in the 

aerial shoot, however, they were interpreted in tenns of Goebel's (1908) theory of a 
nutrient balance between mineral salts and organic assimilates. In the early ontogeny of 

the plant, the intake of water and minerals predominate but, with advancing development, 
the synthesis of organic materials increases so that the balance is shifted. This theory has 

been examined for many species by grafting juvenile scions onto mature trees and 

comparing the time to phase change (usually flowering) with ungrafted seedlings. This is 
discussed in Chapter 7. 

The environmental factors that alter the rates of growth, such as light intensity, 

daylength, minimum and maximum temperatures, and water availability are clearly 

associated with seasonal cycles but the passage of time or the number of the cycles per 

se do not appear to playa significant role in the timing of phase change in woody plants. 

Longman and Wareing (1959), for example, showed that if birch seedlings were grown 

continuously to a height of 2 m, they flowered in less than a year, whereas seedlings that 

were exposed to a number of cycles of growth and donnancy had still not flowered after 

2 years. Similarly, the tea crabapple (Malus hupehensis), flowered in less than a year 

when grown continuously, whereas field grown seedlings required 3 to 4 years 

(Zimmerman 1971). 

6.1 Photoperiod and growth 

The control of developmental events by changes in photoperiod has been recognized in 

a wide range of plants (see Wareing and Phillips 1981). While the most common 

response is a change from the vegetative to the reproductive phase in herbaceous 

plants, daylength has also been shown to have a marked efff>£t on a number of aspects 
-1-1\~ 

of growth of many woody plants. Although the majority ofiliterature (see Hackett' 
. ' ,-- '",,-,--.-- - .. -' - ---- , - ---~- --.-',.-

1985; and Allsopp 1965; 1967) suggests that phase change in heteroblastic species is 

not subject to seasonal influences, isolated examples of phase change in the eucalypts 

have been attributed to photoperiodic effects. Scurfield (1961), for example, reported 
that E. paucij1ora, E. rubida, E. blakelyi, and E. bicostata seedlings under long 
day regimes (LO) expanded leaves "having more nearly the shape of adult leaves", and 
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Bolotin (1975) noted a response to day length in the induction offlowering in E. 

occidentalis. Seedlings les~, than a year old could be induced to flower if grown under 

a long-day regime of 16 hours or longer, whereas no flowering was reported in 
seedlings grown under natural lighting. In both of these instances, the long-day 
treatments resulted in plants that were markedly bigger than the controls. Scurfield 

(1961) noting that the seedlings under long-days had more leaves, greater dry weight 
and stem diameters nearly twice the size of the controls. 

E. tenuiramis seedlings are a useful tool for the examination of phase change. The 

transition between the strikingly different juvenile and adult leaf phases is marked and 

occurs at a height that can be accommodated in a large phytotron (c. 2.5 m) and at a 

number of nodes that allows the seedlings to become established before the 
commencement of the experiment. 

The present study was undertaken to determine whether day length affected the 
chronological or physiological time to phase change in E. tenuiramis. In order to 

discriminate between the effects of accelerated growth due to the extra growing period 

each day and a pure photoperiod effect, experiments were conducted under three light 

regimes: a long-day photoperiod of 16 hours; a short-day photoperiod of 8 hours; and 
a short-day photoperiod of 8 hours supplemented with an additional 8 hours oflight 

below light-compensation point intensity. 

Materials and methods 

Fifty-four E. tenuiramis seedlings were grown from open-pollinated seed collected from 

a single mother in a natural stand at Randalls Bay. The seedlings were grown in 14 cm 
slimline pots filled with potting rtiiXture, under a natural light regime and were watered 

daily and nutriented with :'Aquasol' weekly for 6 months in a glasshouse maintained at a 

day/night temperature of 21!16°C. At the commencement of the trial, the seedlings had a 
mean height of 93 cm and 17 nodes were expanded. The seedlings were trimmed of 

lateral branches and transferred to a phytotron with 18 seedlings in each of three light 

regimes. The long-day photoperiod (LO) consisted of natural light supplemented with a 

mixed incandescent/fluorescent light source (25-30~mol.m-2.s-1 at pot top) to extend the 

day length to 16 hours. The short-day photoperiod (SO) consisted of 8 hours of natural 

light and 16 hours of darkness. The supplemented short-day photoperiod (SO+) 

consisted of 8 hours of natural light, 8 hours of low-intensity light (3~mol.m-2.s-1 at pot 

top; the light compensation point of E. tenuiramis is c. 1O~mol.m·2.s·1) from 40 W 

incandescent bulbs, and 8 hours of darkness. 

The height above the soil level and the number of nodes expanded was measured at 4 

week intervals for 28 weeks (from 10/3/88 to 21/9/88), by which time nearly all plants 
had achieved the adult leaf shape. The node of phase change on the main stem refers 

to the node at which the first leaf attained the adult shape, counting from the 
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cotyledonary node as zero, and the height of phase change was measured as the 

distance from the soil surface to that leaf. Adult leaf shape was subjectively 
determined as a narrow-lanceolate leaf with a petiole approximately one fifth of the 

total leaf length. The first adult leaves were clearly initiated under the three different 

light regimes, and not under the initial growing conditions, because the number of leaf 
primordia in the bud is only 5 or 6, whereas the minimum number of nodes expanded 

between the start of the experiment and phase change was 18 and the mean was 

slightly over 24. 

Lateral shoots were excised regularly to minimize shading effects and to enhance the 

growth of the main axis. Plants were watered daily and nutriented with, 'Aquasol' twice 

a week. ""'---- ,. 

Differences in total height, nodes expanded and height to phase change were analyzed 
using one-way analysis of variance. 

Leafarea 

At the completion of the experiment, a leaf from each pair was sampled from the 20th 

node to the node of phase change on each plant and the area of the leaf was measured 
using a planimeter. Because of a degree of variation in the number of nodes to phase 

change between different plants, the node of phase change was treated as node 0 for 
the analysis of the data and the ontogeny of the leaves was expressed in terms of the 
distance below this point The data were subjected to a 2 factor analysis of variance, 

examining the difference in leaf area between different photoperiods and between 
differences in ontogeny. 

Results 

At the start of the photoperiod treatment, there was no significant difference between 

the height (p = 0.917) or the number of nodes expanded (p = 0.954) in the three 

groups of seedlings (Figs. 6 1 and 6.2). At the completion of the trial, however, there 

were significant differences in the mean total height of the seedlings (p = 0.001) but 
there were still no significant differences between the mean number of nodes expanded 

under the three light regimes (p = 0.771). This suggests that the internode length was 

altered by the light regime. Plants under the long day (LD) treatment and those under 

the short-day supplemented (SD+) light regime developed significantly (p = 0.024) 

longer internodes than the short-day (SD) plants (LD mean ±se = 7.07 ± 0.293; SD+ = 
7.00 ± 0.254; SD = 6.06 ± 0.270). 

As is illustrated in Fig. 6.1, the height to phase change was also significantly different 
(p= 0.(02) under the three photoperiod regimes. There was no significant difference, 
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however, in the number of nodes required to reach phase change (p = 0.825) (Fig. 
6.2), nor in the chronological time required to reach phase change (p = 0.477). 

Photoperiod, ontogeny and leaf area 
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There was a change in leaf size associated with the ontogenetic development from the 
connate, juvenile leaf through the sessile, and then petiolate, intermediate leaves to the 
narrow-lanceolate, petiolate adult leaf of E. tenuiramis. The leaf size increased with 

the transition to the intermediate leaf, attained a maximum size about 10 nodes below 
phase change, and then decreased as the plant neared the adult leaf shape (see Fig. 
6.3). The adult leaf (c. 134 mm2) was smaller than the juvenile leaf (c. 240 mm2) (p 

= 0.0001, nl=36, n2=32). 

Plants grown under the LO photoperiod regime had a greater leaf area than the other 

two treatments (p = 0.0001) (see Fig. 6.3). There was no significant difference 

between the leaf area of plants grown under the SO and SO+ regimes (p = 0.059). 

Discussion 

The extension of the photoperiod from SO (8 hours of light) to LO (16 hours) does not 

alter the number of nodes expanded in E. tenuiramis seedlings. However, the 

extension of the period of irradiance, at both above (LO) and below (SO+) the 
compensation point, resulted in plants with longer internodes (and, therefore, greater 

height) than did the SO treatment 

The longer photoperiod did not accelerate phase change in E. tenuiramis ; there was 

no difference in the chronological time, nor in the number of nodes, taken to reach 

phase change. The longer internodes (associated with the extended photoperiods), 

however, did lead to a significant difference in the height at which plants attained the 
adult leaf shape. This implies that the transition to adult leaf shape, or phase change, 

in E. tenuiramis is more closely associated with node number than with plant height 
This appears to be the case in other woody plants. For example, Zimmerman (1973) 
found that phase change in Malus hupehensis occurred at the same node number (75-

80) despite differences in total height (1.3 m vs. 1.8 m), induced by different growing 

conditions. It is therefore suggested that the number of nodes expanded may be a 

generally useful index of the minimum size to phase change in eucalypts and in other 

woody plants. 

This association between the number of nodes expanded and phase change is unlikely 

to be related to attaining a minimum leaf area and, therefore, a flux in the nutrient 
balance to a higher proportion of photosynthates to minerals as suggested by Allsopp 

(1965) and others. The LO plants had a far larger leaf area than the the other two 

treatments but did not attain phase change at a lower node. Rather, it appears to be 
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associated with some intrinsic property of the shoot apex, possibly cell division 
activity or apical size. 

Although the three light regimes produced differing responses in the E. tenuiramis 
(larger leaf size in the LD plants, and longer internodes in the LD and SD+ plants), 

73 

they do not appear to be true photoperiodic effects, i.e. dependent onthe timing of the " 

the light in a 24 hour cycle and not on some other facet such as the total light energy 

received. 

The larger leaf size occurred only under the LD treatment and not under the SD+. 
Therefore, it is unlikely to be a photoperiodic effect and is, presumably, a product of a 
longer period of photosynthesis. Similar responses to daylength ha ve been observed 
in the leaves of many other species but few have been demonstrated to be true 

photoperiodic effects (Vince-Prue and Tucker 1983). In the absence of confounding 
influences, such as water stress and shading differences within the crown, one might 

expect a seasonal cycle in leaf size in the higher latitude areas that experience seasonal 

changes in daylength. Leaves expanded in summer may be larger than those expanded 

in early spring or late autumn. Although the effect of higher temperature cannot be 
discounted, Ashton (1975) observed that isobilateral E. regnans leaves expanded most 

rapidly over midsummer. 

The longer internodes occurred under both extended light regimes but this is also 

unlikely to be a photoperiod effect. As in the leaf area, the longer internodes of the LD 
plants could be interpreted as a product of a longer period of growth than the other two 

treatments. The internode extension of the SD+ plants, however, appears to be a 

phytochrome-mediated response. The incandescent globes used to provide the 
additional 8 h of low-intensity light produce a relatively high proportion of far-red 

(FR) light (Holmes and Smith 1975). The internode extension of the SD+ plants may 

be a response to this long period of far-red (FR) light given at the end of the day. 
Such a response is common to most species, but is even more pronounced in shade

intolerant species, such as E. tenuiramis where it is likely to be of substantial adaptive 

significance. The light that filters through a leaf canopy tends to have a high FR:R 
ratio and rapid shoot elongation may enable the plant to escape from shading (Morgan 

and Smith 1976). In Pisum, at least, this phenomenon does not appear to be a case of 

true photoperiodism, for night breaks do not promote stem elongation (Jolly et al. 
1987), rather it appears to be a direct, quantitative response to an environmental factor, 

as might be expected in Eucalyptus. 

Paton (1978) has plotted the declining significance attributed to the role of 

photoperiodic responses in the eucalypts from the first observations of the 

phenomenon by Shaposhnikov (1935) and Scurfield (1961) to his own work. This 
study reinforces the view that eucalypts are insensitive to differences in daylength, 
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especially in terms of their ontogenetical development, which appears to be dependent 
on attaining a minimum size, best measured in th~ number of nodes expanded. 

6.2 Temperature and phase change 

As the importance of photoperiodic control has been devalued by work since Scurfield 
(1961), there has been a opposing increase in the evidence supporting the regulating 

effect of temperature on eucalypt growth. To the best of my knowledge, there have 

been no suggestions that phase change responds directly to changes in temperature, but 
temperature has been shown to affect the rate of both nodal and internodal expansion. 
For example, seasonal shoot growth has been shown to be associated closely with 
temperature for a number of species: E. pauciflora, E. rubida, E. blakelyi, and E. 
bicostata (Scurfield 1961), E. regnans (Ashton 1975; Cremer 1975), E. macu/ata 
(Specht and Brouwer 1975; Pook 1984) and in many plants, leaves are produced more 

rapidly as the temperature increases to 20 or 30'C (Terry, Waldron and Taylor 1983, 
and references therein). 

The results from the first photoperiod trial strongly suggest that the number of nodes 

expanded is the most accurate indicator of the ontogenetic development of the plant. 
However, because the plants were grown under similar temperature regimes, they 
expanded their leaves at a unifonn rate and so achieved phase change at a similar 
chronological time. In order to discriminate between chronological time and the 
attainment of the minimum number of nodes to phase change, the experiment was 
repeated under a higher temperature regime and the results of the two trials were 
compared. 

Materials and methods 

The method of the first trial was repeated as accurately as possible, using fifty-four E. 
tenuiramis seedlings grown from open-pollinated seed collected from the same mother. 
The seedlings were grown in 14 cm slimline pots filled with potting mixture, under a 
natural light regime and were watered daily and nutriented with 'Aquaso!' weekly for 6 

months. At the commencement of the trial, the seedlings had a mean height of 103 cm 

and 20 nodes were expanded. At this starting height, the seedlings were 2 weeks further 

developed than in the first trial. As in the first trial, the seedlings were trimmed of lateral 

branches and transferred to a phytotron with 18 seedlings in each of the three light 
regimes, and the height above the soil level and the number of nodes expanded was 
measured at 4 week intervals for 28 weeks (from 3/11/88 to 18/5/89), by which time 
nearly all plants had achieved the adult leaf shape. Lateral shoots were excised regularly 

to minimize shading effects and to enhance the growth of the main axis. Plants were 
watered daily and nutriented with 'Aquasol' twice a week. 
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Differences between treatments in total height, nodes expanded and height and time to 

phase change were analyzed using one-way analysis of variance. Differences between 
the two trials were analyzed using a two-way analysis of variance. 

The variables between the two trials were related to seasonal differences. The first trial 

was conducted over winter (from 10/3/88 to 21/9/88) whereas the second was conducted 

over summer (from 3/10/88 to 18/5/89), during which the glasshouse was warmer (Fig. 
6.4). This difference in temperature is, however, compounded by higher light intensity 

through the summer months, especially in the LD treatment. The lighting used to extend 

the natural photoperiod during the winter months, was of a relatively low intensity, 

permitting the LD plants to photosynthesize at perhaps only 10 % of their maximum 
capacity. The light intensity available to the LD plants during the summer months would 

have clearly exceeded this. 

Results 

As in trial 1, E. tenuiramis plants growing under the three light regimes attained 
significantly different heights by the end of the experiment (p = 0.0004, Fig. 6.5). In 

part, this was due to the greater internode extension in the LD and SD+ treatments, as 

in trial 1 but, under the higher temperature and higher light intensity regime, the LD 

plants also expanded more leaves than the other plants (p = 0.0001, Fig. 6.6). 

As in the first trial, the number of nodes required to reach phase change was not 

significantly different between the three treatments (p = 0.239). However, because of 

the more rapid expansion of nodes in the LD plants, this led to a chronologically earlier 

attainment of the adult leaf shape (p = 0.018) than in the other treatments (see Fig. 
6.6). 

The comparison between the two trials, however, reveals that the number of nodes to 
phase change is not immutable. When grown under the conditions of higher 

temperature and higher light intensity in trial 2, the E. tenuiramis plants reached phase 

change in fewer nodes than those in trial 1 (p = 0.007, see Table 6.1). However, this 
reduction in the number of nodes to phase change with rapid growth did not occur 

within the second trial. Despite the longer periods of exposure to higher light 

intensity and higher temperatures experienced by the LD plants compared to the SD 
and SD+ plants in trial 2, there was no reduction in the number of nodes required to 

phase change. 
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Discussion 

Ideally, the examination of the developmental response of E. tenuiramis to different 

temperature regimes would be conducted under more controlled conditions. This 
crude method of obtaining different temperature environments confounds the results 

with concomitant variation in light intensity. However, 3 m tall controlled 

environment growth cabinets, capable of maintaining suitable high light intensities 
were in short supply. Furthermore, the main objective in conducting this second trial 

was not solely to establish the effect of temperature on phase change, but to create a 

difference in the rate of leaf expansion so that the chronological time to phase change 
could be examined. 

The findings of this trial repeated the observations of the first, that phase change in E. 
tenuiramis is relatively insensitive to the effects of photoperiod, except in the sense of 

increased growing period under high light intensity. The combination of higher light 

intensity and temperature experienced in the early morning and late afternoon 

photoperiod extension of the LO treatment, during the summer months of trial 2, 

produced a marked increase in the rate of leaf expansion, compared with the SO 

treatments. This decreased the chronological time but not the number of nodes 
required for the adult leaf form to be attained, emphasizing the reliability of the node 

number, rather than height or chronological time, as an index of onto genetical 

development in E. tenuiramis. The number of nodes required to attain phase change 

is not, however, immutable, for the plants growing in the second trial under higher 

light intensity and higher temperatures attained phase change in fewer nodes than in the 

first trial. The origin of this 'acceleration' to phase change does not appear to be 

related to the factors that differentiate the LO from the SO treatments, i.e. those factors 
that lead to the more rapid expansion of leaves, the extended period of high light 

intensity and higher temperatures. Rather, it appears to be some environmental factor 

shared by all three treatments in the second trial. The most obvious such difference 
between the two trials is the higher light intensity of the trial conducted in the summer 

months. Therefore, although photoperiod, as such, does not playa major role in the 

induction of phase change, it does appear that high light intensity may accelerate phase 

change. 

In conclusion, it appears that the most accurate measure of the minimum requirement to 

attain phase change in E. tenuiramis is the number of nodes expanded, and the best 

means of minimizing the chronological time to that transition is to grow the plants 

under conditions that promote the rapid expansion of leaf nodes, i.e. long days of 
high light intensity and high temperatures. 



Table 6.1 Mean number or nodes expanded rrom tbe cotyledons to tbe first adult 
lear in E. tenrciramis seedlings growL> under 3 pbotoperiod regimes in 
2 trials conducted under dirrering temperature and Iigbt intensity 
conditions. The mean node of phase change of the two lrials (a,b) is significantly 
different (p = .(067). 

Trealment Trial 1 Trial 2 Totals 
(24/16°C) (28/17°C) 

SD 41.8 38.2 39.8 
LD 42.6 40.7 41.6 
SD+ 41.6 39.6 40.7 

Totals 42.0a 39.5b 40.7 



Figure 6.1 The mean height (±Se) of E. tenuiramis seedlings grown under three 
photoperiod regimes: long-day (LD), short-day supplemen ted with low 
Intensity light (SO+), and short.day (SO). The mean height of phase change 
to the adult leaf shape under each treatment is inoicate by a dotted line, the mean time 
of phase change is represented by the interception of the toul height and the height of 
phase change. 
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Figure 6.2 The mean number of nodes expanded (±Se) on E. tenuiramis seedlings 
grown under three photoperiod regimes: long-day (LD), short-day 
supplemented with low Intensity light (SO+), and short-day (SO) . The 
mean number of nodes to phase change under each treatment is indicate by a dotted line 
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Figure 6.3 Mean area of E. tenuiramis leaves as they undergo ontogenetic 
development from the juvenile leaf (20 nodes below phase change) to 
the adult leaf at phase change, under three photoperiod regimes. 
Standard error bars are included (n = 8·17). 
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Figure 6.4 Mean monthly minimum and maximum temperatures attained during 
trial 1 (March to September) and trial 2 (November to May) In the 
glasshouse. Standard error bars are included (n =28). 
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Figure 6.5 The mean height (±:se) of E. tenuiramis seedlings grown under three 
photoperiod regimes! long-day (LD), short-day supplemented with low 
Intensity light (SO+), and short-day (SO). The mean height of phase change 
to the adult leaf shape Wlder each treatment is indicate by a dotted line, the mean time 
of phase change is represented by the interception of the tolal height and the height of 
phase change. 
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Figure 6.6 The mean number of nodes expanded (±se) on E. tenuiramis seedlings 
grown under three photoperiod regimes: long-day (LO), short-day 
supplemented with low Intensity light (SO+), and short-day (SO) . The 
mean number of nodes to phase change under each treatment is indicate by a dotted line 
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CHAPTER 7 

The control of phase change in E. tenuiramis 

Abstract 

Previous studies indicate that the control of the transition from the juvenile to the adult 
phase in E. risdoniiltenuiramis is not related to obvious environmental cues such as 

photoperiod or temperature. Rather, it appears that phase change is under tight genetic 

control. This study addresses the physiological basis of that control of phase change 

in the E. risdoniiltenuiramis complex. 

In the E. tenuiramis phenotype, there is a marked difference between the ontogenetic 
development oflateral branches, which develop soon after the leading apex, and 

epicormic shoots, which arise after a period of suppression. The number of nodes 
required by the laterals to attain phase change is similar to that of the main stem, 

whereas the epicormic shoots can differ markedly. This difference may be described 
as an impost of some 9 nodes (9.3) on the epicormic shoot for arising as an accessory 

bud after a period of suppression but, after this, the epicormic shoot only requires one
third of the number of nodes (0.36) required by the main stem to reach phase change 
from that position in the plant. This means that if an epicormic shoot arises from near 

the base of an E. tenuiramis sapling, it will be 'accelerated', requiring fewer nodes to 

reach phase change; if one arises from near the point of phase change on the main 
stem, it will be 'retarded' and require additional expansion of nodes before it will attain 

phase change; and if an epicormic arises above the point of phase change it will be 

'rejuvenated', reverting to the juvenile leaf phase for a few nodes. This implies that 

once phase change has been attained, there is a whole plant effect that accelerates the 

ontogenetic development of subsequent epicormic shoots, after the initial cost of 

developing from the primitive accessory bud has been met 

Results from a second trial, involving truncation and defoliation experiments, indicate 
that once phase change has been attained in the plant no further signal from the adult 

part of the plant is necessary to a=lerate the basal epicormics to phase change, 

although the presence ofleaves on the main stem does increase this acceleration. 

A range of grafting techniques WQS utilized in a series of pilot experiments to ' 
reposition shoot apices in different nutritive and hormonal environments, to identify 

any effects of a 'juvenilizing' gradient within the plant There was no evidence of 

rejuvenation of adult apices when placed in proximity to the shoot base, beyond that 
expected in epicormic shoots, no evidence of acceleration of phase change when 

juvenile apices were placed in an 'adult environment', nor of retardation when grafted 
onto an E. risdonii rootstock. These results confmn the autonomous nature of the 
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control of phase change in the apex of E. risdoniiltenuiramis and suggest" that a 
proposed "juvenilizing" gradient from the shoot base affecting the positional control of 
epicormic shoots is less likely than the detennination of the accessory bud at inception, 
with subsequent alteration by suppression. 

Introduction 

Clinal variation in the height of phase change, and marked differences in the anatomical 
and physiological characteristics between the juvenile and adult leaf phases of different 
phenotypes clearly indicate that the control of phase change is under powerful selective 
pressures in different envirorunental conditions within the E. n'sdoniiltenuiramis 
complex. Unlike many clinally-varying characters, however, environmentally-induced 
variation does not appear to parallel {he genetic variation in the height of phase change. 
Rather it appears that that phase change is under tight genetic control. The findings 

from the previous section suggest that the most rapid means of attaining phase change 
is to grow the seedlings to a minimum size, or to be more precise, to a minimum 
number of nodes as quicldy as possible. The role of environmental factors such as 
photoperiod and temperature have been discounted, except as they affect this rate of 
growth. Therefore, this study addresses the internal control of phase change, 

I( is clear that at least some of the morphological differences betw~en the j\Jvenile and 
mature shoots are the result of differences in the structure and behaviour of their shoot ---------apices. The events leading directOr to phase change occur in the vegetative meristems 
and change the more distal parts of the plant while the basal parts of the plant remain 

juvenile. This leads to the apparent paradox that although this zone is the oldest part of 
the plant in terms of chronological age, it is the most juvenile in terms of maturation. 
On the other hand, the upper extremities of the plant are the most adult,JZimmennanj 
(1973) also showed that phase change (in Malus hupehensis) was more closely , 

correlated with node number {han with height and (as leaf initiation is a function of \ 
apical meristem activity, whereas internode length and height are functions of subapicaJ
meristem activity) concluded tha~Jlhase change was associated with the activity of the i 
apical meristem. - -._- - ---- ... - - -- .- - -' --- -- --- -.-------~--; -/ 

Because the transition from the juvenile to adult phase in E. tenuiramis occurs at a 
predictable size and takes place in the shoot apex, it is possible to question whether the 
meristem acts independently of the remainder of the plant or if the changes in the apex 
are a response to hormonal or nutritional influences from the surrounding leaves, and 
perhaps from the roots and cellular environments of the growing point (Hartmann and 
Kester 1983). 

Schaffalitzky de Muckadell (1959) was, perhaps, the first to propound the theory that 
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,/ the developmental changes are intrinsic and" due to the ageing of the apical meristem". 
There is certainly evidence that the transition from juvenile to mature morphological 
characters is associated with an increase in the size of the shoot apical meristem 
(Hackett 1985). Stein and Foskett (1969), for example, showed that mature Hedera 
helix apices have a larger meristematic area consisting of smaller cells than do the 

juvenile apices. However, this is not necessarily the product of autonomous changes \ 

in the apex. 

Evidence supporting the autonomy of the shoot apex is documented by Robinson and 
Wareing (1969). In this work, the tips of Ribes nigrum seedlings were repeatedly 
removed and rooted as cuttings, and in this way were prevented from attaining the 

minimum size or nwnber of nodes normally required to flower. Nevertheless, the 
plants of the third and fourth decapitation cycle flowered without attaining that 
minimum height These results are generally taken as an indication that the duration of 

the juvenile phase is closely associated with a minimum nwnber of cell divisions in the 

shoot apex. 

The same workers found that grafting seedling scions of Larix spp. onto mature trees 

did not accelerate phase change, suggesting that phase change is not primarily 
determined by changes in the nutritional conditions of the apex or on the production of 

inhibitory hormonal substances by the shoot base. 

There is, however, a great deal of evidence that suggests that there is interaction 
between the shoot apical meristem and the hormonal and nutritional influences from the 

surrounding leaves, and perhaps from the roots and cellular environments of the 

growing point. This hypothesis predates the above by half a century when, in 1908, 

Goebel suggested that maturation is dependent on a nutrient balance between mineral 

salts and organic assimilates. In the early ontogeny of the plant, the intake of water 

and minerals predominate but, with advancing development; the synthesis of organic 
materials increases so that the balance is shifted and the form of the apex is altered. 

The experimental support for this is largely based on attempts to induce phase change 
(usually flowering) by grafting juvenile scions onto the top of mature plants. Singh 

(1959) found that mango seedlings (Mangijera indica L), approach-grafted to mature 

trees, flowered before un grafted controls, if the leaves were removed from the 

seedlings and the mature shoot was girdled below the union. This suggests that the 

apex can be influenced by the surrounding tissues; however, Zimmerman (1972) 

suggests that this example may be the exception rather than the rule. 

--: Another theory that invokes the interaction of the shoot apex and the surrounding 
tissue was suggested by Wareing and Frydman (1976) following work on Hedera 
helix (Frydman and Wareing 1973 a,b; 1974). In this species, the apical buds of the 
juvenile phase contain higher levels of GA-like substances than the apical buds of the 
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in the apex. 

Evidence supporting the autonomy of the shoot apex is documented by Robinson and 
Wareing (1969). In this work, the tips of Ribes nigrum seedlings were repeatedly 
removed and rooted as cuttings, and in this way were prevented from attaining the 
minimum size or number of nodes nonnallyrequired to flower. Nevertheless, the 
plants of the third and fourth decapitation cycle flowered without attaining that 
minimum height These results are generally taken as an indication that the duration of 
the juvenile phase is closely associated with a minimum number of cell divisions in the 
shoot apex. 

The same workers found that grafting seedling scions of Larix spp. onto mature trees 
did not accelerate phase change, suggesting that phase change is not primarily 
detennined by changes in the nutritional conditions of the apex or on the production of 
inhibitory honnonal substances by the shoot base. 

There is, however, a great deal of evidence that suggests that there is interaction 
between the shoot apical meristem and the hormonal and nutritional influences from the 
surrounding leaves, and perhaps from the roots and cellular environments of the 
growing point. This hypothesis predates the above by half a century when, in 1908, 
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salts and organic assimilates. In the early ontogeny of the plant, the intake of water 
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The experimental support for this is largely based on attempts to induce phase change 
(usually flowering) by grafting juvenile scions onto the top of mature plants. Singh 
(1959) found that mango seedlings (Mangifera indica L), approach-grafted to mature 

trees, flowered before ungrafted controls, if the leaves were removed from the 
seedlings and the mature shoot was girdled below the union. This suggests that the 
apex can be influenced by the surrounding tissues; however, Zimmerman (1972) 
suggests that this example may be the exception rather than the rule. 

-~,Another theory that invokes the interaction of the shoot apex and the surrounding 
tissue was suggested by Wareing and Frydman (1976) following work on Hedera 
helix (Frydman and Wareing 1973 a,b; 1974). In this species, the apical buds of the 
juvenile phase contain higher levels of GA-like substances than the apical buds of the 
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adult phase and of the de-rooted seedlings.Roots also contain high levels of these 
substances and, furthermore, treatment with OA3 induces juvenile characteristics in the 
adult. This theory suggests that the proximity of the juvenile apex to the gibberellins 

results in plant parts with a juvenile morphology, but as the height of a tree and the 

distance between the shoot apices and the roots increases, the levels of root-produced 
gibberellins in the shoot apices decreases and the phase change to the adult can occur. 

There is some evidence of such a decreasing gradient in hormone levels from the shoot 

base up the stem in the work of Paton and Willing (1973) on E. grandis. One 

ubiquitous characteristic of the eucalypts is the decline in the rooting capacity of 
cuttings with increasing ontogenetic age. In this and later studies, these workers found 

that this decline in rooting ability was associated with a decline in the quantity of the 

substance they named "0". 

In eucalypts, this barrier to propagation from adult material can be overcome by a 

process of rejuvenation. One such method, the cascade grafting method, developed by 

French workers (Martin and Quillet 1974, Cauvin and Marien 1978, Franclet 1979; 
Cauvin 1981), involves grafting the adult scion to the base of a seedling, the epicormic 

buds are forced to sprout and these partially rejuvenated shoots are grafted onto the 

seedling again, until the resultant epicormic shoot is fully juvenile and cuttings taken 

from the shoot can be rooted. 

There are other examples of the rejuvenation of adult material by grafting the adult 

shoot apex in close proximity to the shoot base of seedlings (Hedera helix, Doorenbos 

1954; H evea brasiliensis, Muzik and Cruzado 1958) but, in general, the transition to 

the adult phase in most plants is usually stable (Hackett 1985), even during vegetative 

propagation in which adventitious roots are produced close to the adult shoot apex. 

The exceptions in woody plants, such as that described above for eucalypts, require 

radical changes to the adult tissue in order to de-differentiate the cellular environment 
surrounding the meristematic tissue or, at the very least, the minimization of the 

amount of differentiated adult tissue, before rejuvenation is possible. 

Undoubtedly, different systems of the location and mechanism of phase change 

abound in woody plants but if a general theory emerges it will probably point towards 

a synthesis of these theoriesj; This theory might suggest that the attainment of phase 

change is dependent on both an intrinsic change to the apex, related to a certain number 

of cell divisions, and the provision of a suitable nutritional or hormonal environment 

for that epigenetic change to be expressed. However, once that developmental 

transition has been made, the apex is committed to the adult phase. Rejuvenation is 
possible only if the apex is substituted by undifferentiated meristematic tissue, in the 

absence of the adult nutritional or hormonal environment. 
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7.1 Control of phase change in lateral branches and epicormic shoots of 
E. tenuiramis 

The control of phase change may be examined by comparing plants that differ in 
genotype growing under the same conditions, by comparing plants of similar genotype 
but under different environmental conditions or by comparing the points ofphase 
change within a single plant Passecker's illustration of the juvenile, intennediate, and 
adult zones of development in a tree (Fig. 7.1; reproduced in Schaffalitzky de 
Muckadell1954; Kester 1976; and, modified, in Hartmann et al. 1990) suggests that 

the unequal advancement of maturation in the lateral branches and main stem has been 
known since at least 1949. 

In the past, the emphasis has been placed on the different characteristics of the juvenile 
and adult "zones" in woody plants, such as differences in the rooting capacity of 
cuttings and in flowering, rather than on quantifying the differences within a plant 
This is, perhaps, unsurprising in the relatively homoblastic species commonly studied, 
such as the Pinus sp., many of the deciduous European tree species, and fruit trees, in 
which the change from the juvenile to the adult state is frequently defined in terms of 
these characteristics, rather than changes in the leaf morphology. However, even in 
those most heteroblastic of species, the eucalypts (e.g. Paton et al. 1970 (E. grandis) 

and Mazalewski 1978 (E.ficifolia~ the emphasis has been on the more utilitarian 

differences in rooting ability within the plant rather than in the changes in leaf 
morphology. 

Phase change in E. tenuiramis has the advantage of a clearly definable point of 
transition: the development of a petiolate leaf from the sessile, connate juvenile leaf. 
The minimum growth to phase change in E. tenuiranu's appears to be closely related to 
the number of nodes expanded rather than minimum height or chronological period 
(see photoperiod regime). Therefore, the distance to phase change in the main stem 
and in the lateral branches can be determined simply by counting the number of nodes 
expanded above the cotyledonary node, which is distinguishable as the lowest 
lignotuberous swelling. 

If the lateral branches are removed from young eucalypts, shoots usually sprout from 
accessory buds on the main stem. Accessory buds are pads of meristematic tissue that 
lie suppressed in the leafaxils. As the stems of eucalypts grow in diameter, these pads 
of tissue keep pace with the radial growth and remain just below the bark (Jacobs 
1955). They are then calledepicormic buds. For eucalypts, the leaves that arise from 
these epiconnic buds are invariably similar in size, shape, and every way to the 
juvenile leaves of the species, but as the shoot grows, the usual gradual transition to 
adult leaves occurs (Penfold and Willis 1961). Carr (1984) suggests that the longer 

theepicormic buds are suppressed, the more juvenile the leaves and the longer they 



persist. In Ellcalyptlls alhida, he suggests that epiconnic shoots from the oldest 
accessory buds, near the base of the trunk, retain their juvenility as long as would a 
seedling stem, whereas epiconnic shoots growing out high on the stem pass quickly 
through the juvenile stage and then produce adult foliage. 

82 

This study examines the positional control of phase change within single E. 
temliramis plants, comparing the point of phase change in the main stem with that in 
laterals expanded at a similar time, and with epiconnic shoots expanded after the main 
stem has attained phase change, in order to elucidate the nature of the internal control 
of phase change in E. telluiramis. 

Materials and Methods 

Sixteen E. telluiramis plants were grown from open-pollinated seed collected from 
five mothers in a natural stilnd at Randalls Bay. The seedlings were grown in 
individual pots filled with potting mixture, under a natural light regime and were 
watered daily and nutriented with 'Aquasol' weekly for 33 months in a glasshouse 
maintrlned at a day/night temperature of 21/1 6°C. At the completion of the experiment, 
the plants were approximately 3 m ti1ll and had stem diameters ranging from 4 to 7 cm 
at 10 cm above shoot base. 

The node of phase change on the main stem refers to the node at which the first 
petiolate leaf was expanded, counting from the cotyledonary node as zero. The node 
of phase change of the lateral branches, also commenced at the cotyledonary node on 
the main stem, comprises the number of nodes to the point at which the lateral arises, 
in addition to the number of nodes to the first petiolate leaf on the lateral. For laterals 
arising above the node of phase change on the main stem, the number of nodes 
comprises the nodes to phase change on the main stem plus the number of nodes on 
the lateral, without the additional main stem above the point of phase change. 

The node to phase change on both the main stem and the lateral branches was 
measured at 15 months, the lateral branches were then removed and the plants were 
repotted. The removal of the lateral branches and/or the repotting encouraged the 
emergence of epiconnic shoots. The growth of these shoots was improved by 
trellising the main stem and by guiding the epiconnic shoots into a vertical growth 
habit. The number of nodes the resulting epiconnic branches required to reach phase 
change was measured at 20 months and again at 26 months, noting when the apex had 
been replaced by an accessory bud after a period of dormancy. 

In the figures, each result represents the mean value from up to eight laterals. The 
standard deviation about each mean is represented by a bar. The level of ' 
significance of the difference between the lateral branches and the epicormic shoots at 
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each node was detennined using a one-tailed t-test. 

Secondary epicormic shoots 

To examine the effect of discontinuous growth on epiconnic shoots and the effects of 
differing periods of suppression of the accessory bud, the primary epiconnic shoots 

were decapitated at five or at ten nodes from the main stem, alternately up the main 
stem. This encouraged a second set of epiconnic shoots (hereafter referred to as 

secondary or 20 epiconnic shoots) to sprout from the distal ends of these decapitated 
primary epiconnics (treatments 5 and 10, respectively) and also from their base, the 
main stem (treatment 0). The primary epiconnic shoots sprouted at approximately the 

same time within a plant and between plants, therefore it was assumed that the 

accessory buds lain down in the axil of each successive node on the epiconnic shoot 
were contemporaneous. This suggests that the accessory buds at the base of the 
primaryepiconnic shoots would be older, and suppressed for a greater length of time, 

than the buds in the axil of the 5th node of the primary epiconnic shoot which, in tum, 
are older than the buds in the axil of the 10th node. Therefore, secondary epiconnic 
shoots arising from each of the different treatments (0, 5 and 10) had been suppressed 

for differing periods of time. It should be pointed out that although the periods of 

suppression of the buds in each of the 5 and 10 treatments were approximately the 
same, the shoots arising from the ° treatment were lain down in the main stem, and not 
in the primary epicormic and, therefore, would differ in age, and period of 
suppression. 

These secondary epiconnic shoots were trained vertically until they reached the 

petiolate condition. The origin of each of these shoots and the number of nodes to 

phase change were then noted. These data were then standardized by expressing the 

origin of each shoot in tenns of the number of nodes below the node of phase change 

on the main stem. Regression lines were fitted to data of this origin and the number of 
nodes each shoot took to reach phase change for each of the three treatments. The 

significance of the difference between regression lines was calculated from the 
difference between residual sum of squares of the pooled regression and the sum of the 
residual sum of squares from the separate regressions. The mean number of nodes to 

phase change in each of the treatments (0, 5 and 10) were compared with the number 

of nodes required by the primary epicormic shoot arising from the same position on 
each plant. Secondary epiconnics arising from different treatments (0, 5, or 10) but at 
the same position on a single plant (for example, two epicormic shoots arising from the 

5th and 10th nodes of a primary epiconnic shoot, at the 20th node below phase change 

on the main stem) were compared using a 2-tailed, paired t -test. 

Results 

On the main stem, phase change from the intennediate sessile leaf to the subadult 
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petiolate leaf occurred from 22 nodes above the cotyledons, in the earliest plant, to 52 
nodes, in the latest, with the mean height of phase change at 36 nodes. The laterals 
arising within 6 nodes of phase change on the main stem, required 2 nodes (sd±1.28, 

n=35) more than the main stem to reach the petiolate leaf stage (see Fig. 7.2). Laterals 

that arose above phase change on the main stem were all petiolate at the first node. 

The number of nodes to phase change in the epicormic shoots, expanded following the 

removal of the laterals, was significantly greater (p<O.05) than in the laterals over the 

same 6 nodes preceding phase change in the main stem (see Fig. 7.2). This suggests 

that there is a developmental cost of a number of nodes in arising from the more 

primitive epicormic buds rather than from the naked buds. 

This is also evident in the comparison of the laterals and epicormic shoots arising from 

above the point of phase change on the main stem. Whereas the laterals arising above 
the node of phase change were all petiolate at the first node, the epicormics arising 

above the node of phase change maintained their juvenile leaf morphology for a 

number of nodes before attaining phase change (see Fig. 7.3); they were, in effect, 
rejuvenated or 'Juvenized" (Carr and Carr 1985) as a result of arising as epicormics. 

From the line of best fit (Fig. 7.3), the epicormic shoots arising from the node of 

phase change required 9 to 10 nodes to regain the petiolate condition. This number of 
nodes diminished with height, so that if an epiconnic arises 18 nodes above the point 

of phase change, it regains the petiolate condition by the third expanded leaf. 

Presumably, the number of nodes to regain the petiolate condition continues to decline 

until the accessory buds produce petiolate leaves at the first expanded node of 

epicormic shoots arising from 26 nodes above phase change. This may be a product 

of the distance from the point of transition in the main stem or it may be a factor of the 

period of time the accessory bud has been suppressed. 

The epicormic shoots arising some distance below the phase change on the main stem 

did not require these additional nodes to reach phase change. In fact, the epicormics 

arising near tht< base of the plant reached phase change in fewer nodes than the main 

stem. The point of equilibrium was the 15th node below phase change on the main 

stem. Epicormic shoots arising from this node attained petiolate leaves at about the 

same number of nodes as the main stem. Below this point, epicormic shoots attained 

phase change in fewernodes than the main stem (p = 0.0001). 

The number of nodes to attain phase change in the epicormic shoot can be confounded 

if growth is not continuous. If an epicormic shoot loses its apex and remains dormant 
for a period of time (approximately 2 months) the accessory bud undergoes a process 

of rejuvenation, just as do the epicormic buds in the main stem of the plant. When 

released from suppression, the new epicormic buds require a proportion of the number 

of nodes that the original epiconnic shoot would have taken to reach phase change. 
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This proportion seems to be independent of the number of nodes expanded on the old 

shoot and is, rather, dependent on the length of time under suppression. This is 
illustrated by Table 7.1 which gives examples of 4 pairs of epicormic shoots, one 

member of each pair experienced discontinuous growth whereas the other shoot arising 

from the same node grew continuously. The epicormic shoots with interrupted growth 
required more nodes to reach phase change (Fig. 7.4). 

Secondary epicormic shoots 

I have termed the shoots arising after this interruption to growth 'secondary epicormic 

shoots'. These shoots, arising from the distal ends of the primary epicormic shoots 

decapitated at the 5th and 10th nodes, behaved in the same manner as the 1° epicormic 

shoots. The 2° shoots arising many nodes below the point of phase change on the 

main stem required less nodes than the main stem had to reach the petiolate leaf stage, 

and 2° shoots arising above the point of phase change were rejuvenated. 

The regressions fitted for the number of nodes to reach phase change against the node 
of origin of the 2° epicormic shoots from the 5 and 10 treatments did not differ 

significantly from the regression line of the 1° epicormic shoots (P > 0.1 and P» 0.1, 

respectively) (Fig. 7.5), suggesting that suppression of the 2° accessory buds led to 

them developing as if the intervening 1 ° shoot was not present 

Using smaller numbers of replicates, comparing the 2° epicormic shoots only with their 

subtending 1 ° shoots from the same position, indicated that small, but significant 

differences existed between treatments. Table 7.2 indicates that the 2° epicormic 

shoots arising from the main stem of the plant (0), and from the 5th node of the 1 ° 
shoot (5), required 2 nodes more to attain the adult leaf type than the original 1 ° shoot 

had required some 10 months before (Fig. 7.6 (a». This was not, however, a uniform 

increase. Those shoots arising at least 12 nodes below the point of phase change did 

not differ significantly from the 1° epicormic shoots (P = 0.858). It was the 2° shoots 

arising above this point that required more nodes than the 1 ° shoots (P = 0.0(02). 

This increase in retardation of the epicormic shoots arising higher on the main stem is 

shown in Fig. 7.6 (b). 

Discussion 

Lateral branches that arose from naked buds, or from accessory buds expanded shortly 

after the leading shoot, required only two nodes more than the main stem to reach 
phase change. Epicormic shoots that arose from accessory buds that had been 

suppressed for several months differed quite markedly in their requisite number of 

nodes to phase change. Epicormic shoots arising from near the base of the main stem 

reached phase change at far fewer nodes than the main stem required (ie. less than the 
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number of nodes that they would have taken if they had not been suppressed). These 
basal epicormic shoots were "accelerated" to phase change during their period of 
suppression. By contrast, epicormic shoots that arose near the point of phase change 
on the main stem required more nodes than did the main stem (or the laterals) before 
they developed petiolate leaves; they were "retarded" or, if they arose from nodes 
above the point of phase change, they regained the juvenile leaf form and could be 
described as "rejuvenated". 

Therefore it can be seen that accessory buds lain down by both adult and juvenile 
apices are altered during a period of suppression; however, the nature of that change is x 

associated with the position of the accessory bud on the main stem of the plant 

The results from the 20 epicormic shoots have shown that the period of suppression, 
itself, is not the underlying cause of the morphogenetic gradient Accessory buds that 

had been suppresse~ for the same period of time, but differed in origin in the plant, 
exhibited a very similar pattern of development to the 10 epicormic shoots. Th is I nc!.c.a.ks 
that these 20 epicormics responded to their position on the main stem, not to the period 
of suppression. Suppression of the accessory buds, however, clearly has an effect on 

the development of the shoot. In accessory buds lain down by the adult apex, 
suppression leads to the rejuvenation of resulting epicormic shoots. It is also likely 

that a period of suppression leads to the retardation of accessory buds lain down by 
juvenile apices. Those shoots arising five nodes from the main stem (and, therefore, 
suppressed for slightly longer) required two more nodes to achieve phase change than 
those arising ten nodes from the main stem. Similarly, the 20 shoots arising from the 

main stem required more nodes than 10 epicormic shoots arising from the same 
position on the main stem some 10 months earlier. This was not, however, a uniform 

retardation. The basal 20 epicormic shoots did not differ from the basal 10 epicormic 
shoots in the number of nodes to phase change. Only the epicormic shoots arising 
closer to the point of phase change on the main stem were additionally retarded by the 

added period of suppression. This indicates that the degree of rej uvena tion due to 

suppression is finite but that as the tree grows, progressively more of the suppressed 
accessory, or epicormic, buds are rejuvenated to the same extent 

These findings suggest that suppression is a necessary, but not sufficient, explanation 
for the morphogenetic gradient in the juvenility of epicormic shoots. For although 

suppression does appear to retard phase change, basal epicormic shoots are also 

accelerated and attain phase change in fewer nodes than the main stem. The factor 
leading to this acceleration is not directly associated with distance from the shoot base, 
but with distance from the point of phase change in the main stem. This 

morphogenetic gradient affects meristematic tissue which differs only in position, 
producing shoots that differ in their ontogenetic development and, therefore, is an 
example of positional control. 
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There appears to be several factors operating to determine the number of nodes an 

epicormic shoot requires to attain phase change. Firstly, there is a developmental cost 
of approximately 9 nodes that an undifferentiated pad of meristematic tissue requires 

before it can attain the size and complexity needed to expand adult leaves. Secondly, 

once phase change has been attained, there is a gradient in the whole plant that 
accelerates the apex through its ontogeny in only one third of the number of nodes 

originally required by the main stem to attain the adult condition. Finally, the 

accessory bud obtains its full degree of rejuvenation (dependent on its origin with 

regard to the point of transition in the plant) if it remains dormant for a certain period of 

time, and once that rejuvenation takes place the epicormic bud is independent of the 

number of nodes the subtending shoot had previously expanded. 

This balance between a minimum number of apical divisions that retards a "juvenile" 

apex from reaching phase change, and a whole plant effect that can accelerate ajuvenile 

apex towards phase change, has parallels in developmental transitions of other species. 

In Pisum, for example, Reid and Murfet (1978) found that laterals arising near the 

base of the plant flowered at a lower node than the main stem, whereas laterals within a 
few nodes of the point of flowering on the main stem flowered at a higher node than 

the main stem. In a precociously flowering line of E. risdonii, once flowers had been 

formed at the 20th node, subsequent basal epicormic shoots flowered in as few as 7 
nodes (Wiltshire, unpublished data). This seems to suggest that for both phase change 

and flowering, although the apical meristems do have an innate timing, probably 

associated with the number of apical divisions, other meristematic tissue (such as 

accessory buds) can be influenced by the status of the whole plant. 

7.2 Positional control of phase change in epicormic shoots of E. 

tenuiramis 

Section 7.1 has shown that, in E. tenuiramis, the ontogenetic development of an 

epicormic shoot recapitulates that of the main stem of the plant, but with an important 

difference in the number of nodes taken to regain the adult leaf form. This difference 

may be described as an impost of some 9 nodes (9.3) on the epicormic shoot for 

arising as an accessory bud after a period of suppression but, after this, the epicormic 

shoot only requires one-third of the number of nodes (0.36) that the main stem 

required to reach phase change from that position in the plant. For example, if an 

epicormic shoot emerges some 27 nodes below the point of transition of the main 

stem, it would require approximately 9 nodes plus one third of 27 (another 9 nodes) to 

attain phase change, 18 nodes as opposed to the 27 nodes required by the main stem. 

This implies that once phase change has been attained, there is a whole plant effect that 

accelerates the ontogenetic development of subsequent epicormic shoots, after the 

initial cost of developing from the primitive accessory bud has been met. Two 
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questions remain. Firstly, is this whole plant effect dependent on the continued 
presence of the adult part of the plant and, if it is, what is the source and nature of this 

effect? Secondly, is the gradient in the number of nodes required to attain the adult 
condition dependent on some juvenilizing effect from the shoot base or is it a factor of 

the position of origin of the epicormic shoot in relation to the position of phase change 

in the plant? 

Possible sources of the acceleration include carbohydrates, or some other promotory 

substance, stored in the wood tissue of the stem; assimilates (or other substances) 

produced by the juvenile leaves; or promotory substances produced by the adult 

leaves. In order to determine which of these sources was the more likely, adult plants 

were truncated at three heights to leave varying amounts of wood tissue, and the main 

stems of two of these treatments were either defoliated or left with their leaves intact. 
The effect of the distance from the shoot base was examined by grafting the basal 

shoots onto the adult parts of the plant and comparing the number of nodes required to 

reach the petiolate condition with the number required by shoots grafted onto the base 

of the plants. 

Materials and Methods 

At its completion, 46 of the E. tenuiramis plants used in photoperiod trial 2 (see 

Section 6.2) were used for this experiment. All plants had attained both the petiolate 
leaf and the subsequent adult leaf shape and their ontogenetic development had been 

recorded. The mean height of the plants was 283 cm with 47 nodes expanded. Fifteen 

or sixteen plants were randomly allocated to each of three treatments, in which: the 
main stem of each plant was truncated at node 5 (Node 5) (Fig. 7.7); the main stem 

was truncated at node 20 (Node 20), where the leaves were still juvenile; and, lastly, 

the main stem, with adult leaves, was left intact (Entire). 

The main stems of five plants from each of the two truncated treatments (Node 5 and 

Node 20) were defoliated. The remaining ten or eleven plants of each of these 

treatments were allowed to retain their juvenile leaves. None of the fifteen 'Entire' 

plants were defoliated, in order to maximize the chances of success in the grafting 

experiment. 

The epicormic shoots arising from the basal nodes were thinned to three of the most 

vigorous shoots, which were trained vertically. The plants were maintained under a 

natural light regime, supplemented with a mixed incandescent/fluorescent light source 

(25-30 ~mol.m·2.s-1 at pot top) to extend the day length to 16 hours during the winter 

months, and were watered daily and nutriented weekly with 'Aquasol' in a glasshouse 

maintained at a day/night temperature of 21/16°C. The node of origin of each 

epicormic shoot and the number of nodes required to attain the first petiolate leaf and 

the first adult leaf shape were measured after five and a half months (from 29/5/89 to 
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10/12/89). 
Because the node of origin of the epicormic shoots varied from the cotyledonary node 
(node 0) to node 3, and because the node of phase change of the original main stem of 

the plants also varied (from 23 to 43), the data were standardized. The number of 
nodes that could be expected was estimated from the formula: 

Expected no. of nodes to phase change = 9 + 0.333 x (node of phase 
change of the main stem - node of origin of the epicormic shoot). 

The observed number from each epicormic shoot was subtracted from the expected 
number to give a figure that was comparable between epiconnic shoots. The mean 
value of this deviation from the predicted value was calculated from the 1 to 3 
epicormic shoots from each plant The significance of the difference in mean deviation 
between the defoliation treatments and between the two truncation treatments (Node 5 

and Node 20) was determined using a two factor ANOVA and t-tests, whereas the 
'Entire' plants were compared only with the leaf-bearing 'Node 5' and 'Node 20' 

plants, using a one-way ANOV A and t-tests. 

Grafting of epicormic shoots 

Basal epicormic shoots from a number of plants were grafted onto the adult, distal end 
of the 15 entire plants. Two methods of grafting were used, the approach-graft 
method, in which the epicormic shoot remained attached to its own root system until 
the two exposed cambial regions had fused (7-10 days), and the bottle-graft method 
(Cauvin 1981), in which the cut end of the epicormic shoot was submerged in an 

aqueous solution of rnA (1 mg/l) and KCl (2 gil) until the scion and receptor had fused 
(10-14 days). Control grafts were performed by approach-grafting epicormic shoots 
onto neighbouring shoots from the same plant. 

Results 

The basal epicormic shoots in all treatments reached the petiolate leaf phase in fewer 
nodes than the original stem required from the same point in the plant (Table 7.3). 

Defoliation, and truncation of the original stems, were associated with small but 

significant differences in the number of nodes required for the epicormic shoots to 
attain phase change. The epicormic shoots arising from the base of the plants with 20 

or more intact leaves attained their first petiolate leaf at the node predicted by the 

model. The difference between the mean expected number and the mean observed 
number was not significant for either the 'Node 20' with leaves (P = 0.37) or the 
'Entire' (P = 0.77) treatments (see Table 7.4). In contrast, the epiconnic shoots 

arising from the base of plants with less than 20 pairs of leaves ('Node 5 defoliated', 
'Node 5 leaves intact', and 'Node 20 defoliated') required more than the predicted 



7.2 Positional control of phase clumge in epicormic shoots 

number of nodes (see Table 7.4), but still significantly fewer nodes than the original 

main stem of the plant had / 

90 

..... e- J t.- r~' tfhls small, but significant, difference between the stems bearing twenty or more leaves 
,p/1 r~f' and those with less is illustrated in Fig. 7.8. 

A further developmental shift, from the first petiolate leaf to the first leaf with an adult 

shape, was also accelerated in the epicormic shoots. The main stems of the plants 
required a mean of 8.8 nodes to change from the first petiolate node to the first broad -

lanceolate leaf. The epicormic shoots from the same plants required a mean of only 

5.0 nodes. A paired t-test between the two indicates that this difference is significant at 

the P = 0.0001 leveL 

Grafting of epicormic shoots 

None of the bottle-grafts were successful. Of the 12 attempts to approach-graft, only 4 

grafts successfully united with the adult rootstock. However, even these grafts did not 
yield results. It was necessary to lay the adult rootstock down to encourage the growth 

of the epicormics from its base. The resulting decrease in vigour of the main stem was 
reflected in the poor growth of the grafted epicormics. Even the control grafts failed to 

attain the petiolate leaf condition, also probably because of competition with other 
shoots on the plant Therefore, it was not possible to determine the effects of 

translocating the epiconnic shoot to either the adult region of the plant or just away 
from the shoot base. 

Discussion 

Basal epicormic shoots of E. tenuiramis attain phase change in fewer nodes than the 
original stem of the plant required This 'acceleration' is not dependent on the 
continued presence of the adult parts of the plant However, a small increase in the 
rate of phase change (of 2 or 3 nodes) can be achieved by maintaining the 

photosynthetic area on the original stem above a threshold level, at least for the early 
part of the shoot's development. Because the amount of stem remaining does not 
appear to affect the node of phase change, itis unlikely thatthe acceleration of the 

epiconnic shoots can be attributed to the influence of the main stem of the plant above 
the origin of the epicormic by, for example, the release of assimilates stored in the 
wood. It is not possible to discount the possibility of acceleration by stored assimilates 

(or hormones) in the root system. However, such a source of acceleration seems 
contradictory to the gradient in acceleration, which leads to a decrease in the number of 
nodes required in shoots originating further from the shoot base. 

Rather than thinking of this gradient in terms of 'acceleration' of the epicormic apex 
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through its ontogenetic development, perhaps it could be explained by a 'retarding' 
influence exerted by the shoot base, or root system, declining with distance up the 

stem. This would require that all accessory buds have the capability to attain phase 

change in, say, nine nodes but that their apices are retarded proportionately to their 

distance from the shoot base. Morphogenetic gradients have been shown to exist by 

workers applying horticultural techniques to eucalypts in order to rejuvenate adult 

material for propagation. Paton (1984). and others cited therein, has shown that 

gradients in rooting capacity do exist above the shoot base, and it has also been shown 

that accessory buds from adult material grafted close to the base of a seedling can 

regain both the capacity to form roots and juvenile foliage (Cauvin 1981), whereas., no A 

such rejuvenation occurs when the adult scion is grafted above a certain height. 

One difficulty with such a theory of a Juvenilizing' gradient is that the number of 

nodes to phase change in the epicormic shoots is more closely associated with the 

distance from the point of phase change in the main stem of the plant than the distance 

from the shoot base. This would dictate that there is a degree of variation between 
plants in the strength of the influence from the shoot base, or in the receptivity of the 

apices and that phase change in the main stem of the plant is also detennined by this 

influence. Furthermore, accessory buds lain down by 'juvenile' shoot apices do not 

appear to have the innate ability to attain the adult phase in a few nodes. If the shoot 

apex and naked buds are removed from a seedling, the shoot arising from the 

accessory buds will not attain phase change in fewer nodes than the original shoot 

apex. Therefore the ability to attain phase change in few nodes would have to be 
gained during suppression. The evidence, however, suggests that rather than 

transfonning juvenile accessory buds to adult buds, suppression has a juvenilizing 

effect. 

An alternative suggestion is that the number of nodes required to reach phase change in 

the epicormic shoot is largely determined by the developmental stage of the main stem 

apex when the accessory bud was lain down and is, therefore, intrinsic to the 

epicormic bud, rather than a response to a Juvenilizing' gradient within the plant. 

However, the results from section 7.1 suggest that, at their inception, the accessory 

buds behave as do the naked buds, differing only after a period of suppression. This 

implies that the accessory buds lain down by the juvenile shoot apex possess positional 

infonnation that leads them to attain phase change in a certain number of nodes, say a 

third of the number required by the main shoot apex, but that message is overridden by 

an effect from the tissue of young, expanding shoot tips that makes the accessory buds 

behave in the same way as the most recently expanded apex. Only after a period of 

suppression has removed the effect of the recently expanded tissue, can the accessory 

(nowepicormic) bud express its positional information and attain phase change in 
fewer nodes than the main shoot apex. However, this acceleration is countered by the 

effects of suppression, itself. Suppression of the accessory bud has a rejuvenating , 0 

effect, shown by shoots arising from accessory buds lain down by adult apices 
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regaining the juvenile leaf form for a number of nodes after a period 0 f suppression. 
This effect also occurs in those accessory buds lain down by the juvenile apex, and the 
longer the period of suppression, the greater the rejuvenation. However, the degree of 
rejuvenation is finite and therefore, as a tree ages, progressively more and more of its 

accessory buds are rejuvenated to the same extent due to the effects of suppression, 
thereby removing the evidence of the morphogenetic gradient caused by the inception 

of the accessory buds at differing stages of the apical shoot's development. 

In conclusion, both hypotheses assume that accessory buds are altered during 
suppression. The first hypothesis suggests that, during suppression, the buds gain the 

capacity to expand adult leaves in a fixed number of nodes, but that this phase change 
is delayed by a juvenilizing gradient from the shoot base to the point of phase change 
in the main stem. The second hypothesis suggests that the buds require a proportion 

of the number of nodes that the main shoot apex requires to achieve phase change at 
their inception, but require a period of suppression to remove the influence of the 

surrounding juvenile tissue in order to express this 'acceleration' but the buds become 
increasingly juvenilized during an additional period of suppression. 

The grafting treatments designed to test these hypotheses, by removing the epicormic 

shoots from the base of the plant, failed. These grafts need to be repeated with the 
epicormic shoots grafted to the tops of actively growing plants and maintained in a 

vertical position to maintain vigour. Controls should include auto-grafts onto sibling 
epicormic shoots, and epicormic shoots without grafting. 

7.3 Positional control of phase change in the leading and lateral shoots 
of E. tenuiramis 

In eucalypts, there appears to be evidence of root-shoot gradients involved in 
ontogenetic development It is widely recognized (Hartney 1980; Cauvin 1981)-

that a 'Juvenile" character, the rooting ability of cuttings, diminishes as the source of 

the cuttings is more removed from the shoot base. These gradients in rooting ability 

vary in steepness (Paton 1984) from very steep, as in E. viminalis and E. pauciflora, 
to medium, as in E. grandis, to less steep as in E. camaldulensis. In one species, 

Paton (1984) ascribes this juvenility gradient to low amounts ofa hormone 'G', the 
biosynthesis of which appears to be blocked in the first few nodes of E. grandis. 

This ontogenetic component of rooting capacity can be seen as the expression of a 
more general root-shoot gradient (Paton 1984). There also appears to be a gradient of 
juvenility from the shoot base to the point of phase change in the main stem, as 

expressed in the pattern of phase change in the epicormic shoots of E. tenuiramis 
(section 7.1). 

The main methods used to examine positional effects in the phase change of woody 
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plants have involved the grafting of juvenile material onto adult rootstocks in 
anticipation of an acceleration of the juvenile to the adult condition, or attempting to 
rejuvenate adult material by grafting it onto juvenile rootstocks, or by encouraging the 
fonnation of adventitious roots on adult cuttings (see Introduction). This section 
describes a series of pilot trials conducted to examine the potential of these classical 
methods to elucidate the role of the root system in the control of phase change in E. 

tenuiramis. 

Materials and methods 

A variety of common horticultural techniques were employed to reposition apical 
meristems in different nutritive and hormonal environments, including grafting scions 
onto rootstocks, topworking, and attempts to rejuvenate material by basal grafts. 
These trials are described below~ however, one experiment is not discussed, for no ,;. 
results were obtained. In this trial, the epiconnic buds were removed from a stem and 
repositioned in another in reverse order using 'T -budding', so that the buds from the 
top of the stem (above the point of phase change) were now near the base of the plant, 
and vice versa. The T -buds were unsuccessful in this species, but if they could be 
successfully transplanted in this way in another species, our understanding of the 
positional control of epiconnics would be considerably advanced. 

Rootstocks 

Two of the phenotypes described earlier (chapters 2-4), the Government Hills E. 

risdonii and the Extreme E. tenuiramis (i.e. Randalls Bay), differ markedly in the 
height of phase change. The E. risdonii form retains the juvenile foliage type until at 

least 6-7 m, whereas E. tenuiramis from Randalls Bay undergoes the transition 
at between 1.5 and 3 m, largely depending on the 'family'. Thus, the E. risdonii 
rootstock was considered to be a ''juvenilizing'' rootstock and E. tenuiramis, an 
"accelerating" rootstock. 

Three seedlings (c. 10 nodes and 30 cm high) were grown in each of six 10 I black 
polythene potting containers. Two seedlings ttl --ea,.Gh were siblings from the same ~ 

open-pollinated mother (either E. tenuiramis or E. risdonil) and the remaining 
seedling was of the other species. After a short period to establish their root systems, 
the single E. tenuiramis seedling was approach-grafted onto one of the pair of E. 
risdonii seedlings in the same pot and, vice-versa in another pot, the single E. 
risdonii seedling was grafted onto one of the pair of E. tenuiramis seedlings. After 
the grafts had fused, the rootstock of the scion was severed and a lateral immediately 
below the source of the scion was encouraged to become the leading shoot This was 
the control for the grafted scion. It was not possible to graft this control onto its own 
rootstock as an autograft. The leading shoot of the rootstock was then removed, as 
were all subsequent epicormic shoots, so that the scion became the leading shoot of the 
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plant. 

At the completion of the grafting, there were 3 pots, each containing: an E. tenuiranu's 
scion grafted onto an E. n'sdonii rootstock, the same E. tenuiramis seedling on its 
own rootstock, and an E. risdonii seedling sibling of the rootstock. There were also 3 
pots containing the reciprocal graft of the E. risdonii scion on the E. tenuiranu's 
rootstock, and the two control plants. 

The plants were maintained under a natural light regime and were watered daily and 
nutriented with 'Aquaso!' weekly for 28 months (from February 1987 to June 1989) in 

a glasshouse. At the end of this period, only three grafted plants had survived, two 
E. tenuiramis scions grafted onto E. risdonii rootstocks and one E. risdonii scion on 
E. tenuiramis rootstock. The tallest plants were 450 cm tall. The number of nodes 

and the height to the attainment of the petiolate leaf and adult leaf shape were then 
measured in both the grafted and control plants, and one leaf sampled from each 

remaining leaf pair at comparable nodes from each of the two plants in each treatment 

Topworldng with laterals 

Among the Randalls Bay progeny, some families underwent phase change at 150 cm 
or less whereas others did not attain the adult leaf type until they were 3 m in height. 

Therefore at 150 cm height some plants had attained the adult foliage whereas others 

were still juvenile. Juvenile lateral branches were approach-grafted onto adult laterals 
and the source of the scions were tagged (Fig. 7.9). 

Three of these grafts were successful and attained phase change. The number of nodes 
required forthe grafted juvenile scions to reach the petiolate condition, and then adult 

leaf shape, was measured. The number of nodes and height required by the source of 
the scion to reach the same points in ontogeny were also measured, and one leaf was 
sampled from each remaining leaf pair at comparable nodes from each of the two 
plants. 

Topworking with the leading shoot o/seedlings . 
. I ,f,." fT' ") r:'~, '". ~"':J ( ,;;/,,:0- ,i~dj ,,,, .. h,·O,. I,,,·t~·.'. \L' ;:.'" 

The main shoot of 6 _ - seedlings\with approximately 10 juvenile leaves expanded ' 

(c. 30 cm high) were approach grafted onto the main stems of 6 adult E. tenuiramis at 
heights from 2 to 3 m above the shoot base. After 2-3 weeks, the grafted seedling 

stems were gradually severed from their rootstocks and so became dependent on the 
root system of the adult plant. At the same time, the leading shoots of the adult plants 
were trimmed to avoid apical suppression of the scion and so the grafted seedling 
became the leading shoot of the adult plant. To maximize the vigour of the grafts, the 
treatments recommended by Singh (1959) to encourage assimilate transfer into the 
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graft from the adult plant (removing the leaves from the scion and girdling the 
rootstock below the graft) were not applied. The lacoral immediately below the 
removed seedling shoot became the new leading shoot of the decapitated seedling. The 
ontogeny of this shoot was compared with that of the graft, to determine the effect of 
the change in nutritive and hormonal environment on the development of the seedling 
shoot apex. The grafted plants and controls were grown under a natural light regime in 
a glasshouse, and were watered daily and nutriented with 'Aquasol' weekly. After a 
period of 10 months (November 1988 to August 1989), only one of the grafted 

seedling shoots had maintained sufficient vigour to reach phase change with 
uninterrupted growth. The number of nodes expanded and the height of phase change 
to the petiolate condition of the grafted shoot 'Wft.fl! compared with that of the con trol. 

Rejuvenation 

Experimentation with the rejuvenation of adult E. tenuiramis was restricted by the lack 
of success of traditional horticultural techniques with this species. Past exp;::rimental 
techniques to induce rejuvenation in woody plants have utilized rooting of adult 
cuttings and grafting adult apices onto juvenile rootstocks to reposition the adult apex 
in close proximity to the shoot base. However, rooting of adult cu ttings of nearly all 

eucalypts is rarely successful without rej uvenation (by the methods reported by Cauvin 
and Marien 1978) and grafting techniques that have been successful with other 

eucalypts (Davidson 1974; Cauvin and Marien 1978; Hartney 1980) failed to 
produce viable grafts of adultE. tenuiramis on juvenile rootstocks. The only 
successful grafting technique used was approach grafting, with both dono rand 

recipient plants maintained on their own rootstocks until cambial fusion had occurred. 

• 

Thirty ET06 E. tenuiramis plants were grown to the adult leaf phase (see Photoperiod 

Trial 1), and then the adult leading shoot of each was grafted onto its own stem at 
varying heights above the shoot base by looping the stem into a hoop and approach 

grafting). The interconnecting stem of each plant was gradually severed and, after two 

weeks, was removed, leaving the adult shoot apex repositioned some 2 m lower on the 
plant The grafted plants and controls were grown under a natural light regime in a 
glasshouse maintained at a day/night temperature of 21 '/16' C, and were watered daily 
and nutriented with 'Aq uasol' weekly. After a period of 6 months (November 1988 to 

May 1989) 28 of the 30 grafted shoots had survived and, without treatments to induce 

epicormic buds to emerge, there were no spontaneous rejuvenations, the shoot apices 
continued to expand adult leaves (Fig. 7.10). The leading shoots were then 
decapitated, leaving a section of adult stem approximately 20 cm long (3 or 4 nodes) 

from which epicormic buds sprouted. The resulting epicormic shoots were 
rejuvenated, requiring a number of juvenile nodes before regaining the petiolate adult 
leaf. This number of nodes was measured for each epicormic shoot arising from the 
graft and compared with the number of nodes required for the nearest epicormic shoot 
from the original stem. 
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Results 

Rootstocks 

Two of the grafted E. tenuiramis on the "juvenilizing" E. risdonii rootstocks survived 
to achieve phase change. A single E. risdonii graft on a E. tenuiramis rootstock 
survived but did not reach phase change. In one particularly successful graft 
(E1Ul/RH02, E. tenuiramis scion on an E. risdonii rootstock), the growth and 
development of the scion was identical to that of the control plant (Fig. 7.11). The two 

plants were growing in the same container, under the same conditions, and.the 
expanding shoot apices were genotypically identical. The number, sizes and shapes of 
the expanded leaves in each plant were virtually identical at the same distance above the 
graft (Fig. 7.12), the developmental differences between the two were limited to a 
difference of only 2 nodes in 70 (Table 7.5), after a period in excess of two years and 

three growing seasons. 

The graft union of the second pair of plants (ET06/RHOS) was less successful, with an 

incomplete union of the phloem, leading to a restriction of the secondary thickening of 
the rootstock stem and a slower growth rate than the control E. tenuiramis on its own 
root system (Fig. 7.13). Nevertheless, and in spite of a temporal difference of several 

months, the heights and number of nodes that the scion required to reach the two 
indices of phase change (petiolate and adult leaf shape) were identical to that of the 
original plant, the control (Table 7.5). The E. risdonii plants growing in each of these 

pots did not attain phase change. 

The E. risdonii scion grafted onto the E. tenuiramis rootstock (RHlET06) did not 

attain phase change, despite exceeding the number of nodes, and height, required by a 
lateral from the E. tenuiramis rootstock to attain the petiolate leaf (Table 7.5). 

Topworking 

Three juvenile lateral branches were successfully grafted onto adult E. tenuiramis 
plants and reached both indices of phase change, the petiolate condition and the adult 

leaf shape. There was very little difference between the number of nodes, or the 
distance, required for the grafts and their ungrafted controls to reach phase change 
(Table 7.6). In addition, there were few differences in leaf size and shape between the 

laterals growing in an adult part of the tree and their counterparts remaining on a 
morphologically juvenile plant (Fig. 7.14 (a), (b) and (c)). 

The grafted seedling shoot grew at a similar rate to the ungrafted control shoot, 
expanding a total of 39 nodes (vs. 38 nodes above the source of the scion) but with 
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slightly shorter internodes so that the height of the grafted shoot was slightly less than 
the control (158 cm vs. 188 em). The seedling shoot grafted onto the adult plant 

required 38 nodes (and 155 em) to attain the petiolate leaf, whereas the ungrafted 

control required 36 nodes (and 175 cm, because of the slightly longer internode 
length). This negligibly small difference suggests that transferring the shoot apex of a 

juvenile E. tenuiramis seedling into the adult hormonal and nutritive environment does 
not lead to an acceleration of phase change (Fig. 7.15). 

Rejuvenation 

A single example of a leading shoot of an adult plant grafted to a juvenile E. 

tenuiramis rootstock did not lead to the rejuvenation of the adult apex. Of the 30 
successful autografts of the ET06 adult scions onto their own rootstocks, there were 

no spontaneous reversions to the juvenile morphology. With the removal of the adult 

apex, however, the resulting epicormic buds underwent a degree of rejuvenation, 

requiring from 4 to 11 nodes (mean 6.6) to regain the petiolate adult leaf. Epicormic 
shoots from the same distance above the shoot base took many more nodes to attain the 

adult leaf (mean » 13). This rejuvenation of the epicormic shoots from the adult 

material seems to be merely a product of arising as epicormic buds and independent of 
the positional information received and obeyed by epicormic buds determined at that 

position in the plant. 

Discussion 

The results of these pilot studies confmn the stability and independence of apical 
control of phase change under markedly differing nutritional and hormonal 

environments. Transferring an actively growing juvenile apex onto rootstocks of 

plants that differ markedly in their height of phase change produces neither acceleration 

nor retardation of the phase change of that apex. Similarly, transferring a juvenile E. 

tenuiramis apex into the adult zone of a plant does not reduce the number of nodes 

required to attain the adult leaf form. 

These results are compromised by the small number of replicates and by the absence of 

a perfect control treatment. Both of these shortcomings are due to the difficulty of 

grafting E. tenuiramis and E. risdonii. Approach-grafting seems to be the only 

successful method (unlike many other species of Eucalyptus (Hartney 1980» and this 

required a large amount of space, is very limiting, and precludes proper controls (by 

autografting) in most circumstances. Indeed, it is probable that an additional graft 

would increase the difference between the control plant and the plant on a different 

rootstock at the start of the experiment, rather than removing the variability due to the 

grafting process, itself. Although E. tenuiramis is a useful model for phase change, 

with its clear transition, tight genetic control, and variable height of phase change, the 

limitations imposed by the difficulty of grafting and the difficulty of obtaining clonal 



73 Positional control of phose chonge in laleral shools 

material (rooting of cuttings has proven impossible) suggest that another species of 
eucalypt be selected for any future work in this field. 

98 

A great deal of emphasis has been placed on a single comparison of rootstocks. In this 
comparison, a juvenile E. tenuiramis leading shoot was grafted onto an E. risdonii 
rootstock. This graft was highly successful and its growth rate was indistinguishable 

from that of the shoot that had replaced it on the original plant. The two plants were 
growing in the same container under the same conditions and the expanding shoot 
apices were genotypically identical. The number of nodes expanded and the leaf sizes 

and shapes were identical and the developmental differences between the two were 

limited to a difference ofl. nodes in 70, after a period in excess of two years and three " 
growing seasons. This suggests that the influence of the root system on the transition 

of the apex to the adult leaf shape is negligible in E. tenuiramis. 

So, what do these fmdings suggest? Firstly, although rejuvenation of adult material 

grafted to the seedling shoot base is undoubtedly a real phenomenon, it may be the 
product of two relatively independent processes: de-differentiation of the adult tissue, 
by formation from primitive epicormic buds, and the re-acquisition of the capacity to 

form roots, by a sojourn in close proximity to the root system. The connection 
between the two processes may be that the adult tissue has to be de-differentiated 
before it becomes susceptible to the effect of the influence of the root system. 

The decline in rooting ability of cuttings is not necessarily related to phase change in 
the eucalypts. The ability of cuttings to form roots has come to be recognized as a 

juvenile character in eucalypts by association from the extensive work on the more 

homoblastic woody species of the NorthemHemisphere. In these species, the main 
indicators of the transition to the adult condition are flowering, which is important in 

terms of the plants ontogeny but also important in terms of the economic potential of 
the plant, and the rooting ability of cuttings of the plant parts, which is important in 
terms of propagation. Although these changes in ontogeny are important in 

Eucalyptus, they may not be the most appropriate indices of phase change, in the face 
of the more obvious transition in leaf morphology in many species. Rooting capacity i 5 

• ~ppft1l"',"'-k 
especiallYlliecause it appears to be confined to the basal 10 nodes, regardless of other 

indicators of the ontogeny of the plant 

Conclusion 

To describe the results from Sections 7.1 and 7.2, two models were proposed to C\.«o,,"'~ G,
the control of phase change in the epicormic shoots r:i E. tenuiramis. The first 
hypothesis suggests that, during suppression, the buds become competent to expand 
adult leaves in a fixed number of nodes, but that this phase change is delayed by a 

j uvenilizing gradient from the shoot base to the point of phase change in the main stem. 
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The second hypothesis suggests that the buds require a proportion of the number of 

nodes that the main shoot apex requires to achieve phase change at their inception, but 
require a period of suppression to remove the influence of the surrounding juvenile 

tissue in order to express this 'acceleration', but an additional period of suppression 

leads to the buds become increasingly juvenilized. 

The additional results from this section, obtained by grafting leading shoots, lateral 
branches and epicormic shoots onto various positions within plants, and between 
plants of different rootstocks, indicates that there is no observable juvenilizing gradient 

influencing the number of nodes to phase change of leading, lateral, or epicorrnic 

shoots. It is far more likely that the number of nodes to phase change is determined 

autonomously at the apex. This pre-determined number of nodes is, however, 

modifiable in the accessory buds. If these accessory buds are not suppressed, they 

appear to be influenced by the surrounding tissue to attain the adult leaf condition in 
approximately the same number of nodes as the originating shoot apex. If the 

accessory buds are suppressed for a period of time, they achieve phase change in a 

lesser, but predictable number of nodes. This number includes a certain minimum cost 
of arising from relatively undifferentiated tissue, sjJch that if the accessory buds are 

lain down by an adult apex, a period of suppression will rejuvenate the accessory bud 

and the resultant epicormic shoot will expand a number of pairs of juvenile leaves. If 
'juvenile' accessory buds are suppressed for an extended period of time they become 

increasingly juvenilized as a result of that suppression. This is, however, [mite and, 

as the tree ages, progressively more of the accessory buds are juvenilized to the same 
extent, leading to a relatively uniform number of nodes required to attain phase change 

in epicormic shoots at different positions up the main stem, which may obscure the 

nature of the positional control of phase change of the epicormic shoots in E. 
tenuiramis. 



Table 7.1 Epicormic shoots that have experienced discontinuous growth (+) 
required more n-odes to achieve phase change than either continuously 
growing epicormic shoots arising from ~he same node or predicted 
number of nodes (Fig. 2). 

Epicormic shoots 
with continpo"$ growth 
No. nodes Total nodes 

14 
19 
1+2+14 
1+21 

14 
19 
17 
22 

Epicorrnic shoots 
with djscontinuous growth 
No. nodes Total nodes 

1+12+19 
10+19 
1+12+12 
1+9+18 

32 
29 
25 
28 

Node Expected 
below ph/ch no. nodes 

-14 
-16 
-22 
-36 

14 
15 
17 
22 

Table 7.2 Mean difference in the number of nodes to reach the petiolate leaf in 
secondary epicormic shoots and in the original primary epicormic shoots 
at the same position in the same plant. Probabilities of the significance of the 
difference between the original primary and the secondary epicormic shoots are given. 

20 Epicormic shoot arising en) Mean s.e. P2-tailed 

o nodes from the main stem (33) 2.00 0.533 0.0007"· 
5 nodes from the main stem (53) 1.99 0.427 0.0001·" 

10 nodes from the main stem (54) -1.10 0.449 0.0174 • 
Totals (140) 0.98 0.310 

Table 7.3 Nodes required by the original stem of E. tenuiramis plants to reach 
phase change compared with epicormic shoots from the same plants with 
their main stem truncated at node 5, node 20, or left entire 
(approximately 50 nodes), with leaves removed or left intact. The 
significance of the difference between the mean values of the original stem and the 
epiconnic shoots for each plant are given for each treatment. 

Truncation Defoliated Wilb leaves 

" Original stem Epicormic sh oot Original stem Epicormic shoot 
(nl Mean s.e. Mean s.e. (nl Mean s.e. Mean s.e. 

Node 5 (4) 31.4 1.45 22.6 1.49 (11) 29.1 1.49 21.9 0.81 
(P ~ 0.0453) (P ~ 0.0003) 

Node20 (8) 30.3 1.55 21.5 0.76 (8) 28.5 2.00 17.6 1.02 
(P ~ 0.0001) (P ~ 0.0005) 

Entire (0) (11) 27.9 1.46 18.8 1.37 
(P ~ 0.0001) 

Totals (12) 30.7 1.11 21.9 0.73 (30) 28.5 0.90 19.6 0.71 



Table 7.4 Grand means or the dirrerence between the observed number or nodes 
taken to reach the petiolate lear in E. tenuiramis basal epicormic shoots 
and the expected number, ror plants with their main stem truncated at 
node 5, node 20, or lert entire (approximately 50 nodes), and ror the 
same plants with leaves removed or lert intact. Mean values that are not 
significantly different at the 0.05 level share the same superscript. Those bearing b do not 
differ significantly from 0 (P = 0.374 and 0.765). 

Truncation Defoliated With leaves Totals 
at (n) Mean s.e. (n) Mean s.e. (n) Mean s.e. 

NodeS (4) 3.2a 1.92 (II) 3.2a 0.73 (15) 3.2 0.7 

Node 20 (8) 2.4a 0.40 (8) _0.9b 0.94 (16) 0.8 0.65 

Entire (0) ( II) 0.3b 1.05 (II ) 0.3 1.05 

Totals (12) 2.7 0.64 (30) 1.1 0.60 (42) 1.5 0.48 

Table 7.5 Minimum requirements to attain two indices or phase change in E. 
tenuiramis (ET) and E. risdonii (RH) plants when grarted onto the other 
species' rootstock compared to their own root system. Measurements 
commence from the graft union and source of the scion, respectively. 

Rootstock Scion Nodes to the Ikiebt!mll to the 
1st petiolate leaf 1st adult leaf Is t petiolate leaf 1st adult leaf 

RH02 ETOI 53 72 264 363 
ETOI ETOI 52 70 260 350 

RH05 ET06 25 35 103 151 
ET06 ET06 25 36 102 158 

ET06 RH > 39 » > 110 » 
ET06 ET06 19 » 93 » 

Table 7.6 Minimum requirements to attain two indices or phase change in juvenile 
(J) E. tenuiramis laterals on their own rootstocks compared with a scion 
rrom the same plant grarted onto adult (A) E. tenuiramis plants. 
Measurements commence from the gmft union and source of the scion, respectively. 

Rootstock Scion Nodes to the Beienl (!<!lll to the 
1st petiolate leaf 1st adult leaf 1st petiolate leaf 1st adult leaf 

ET05(A) ETIIC(J) 22 47 93 218 
ETIIC(J) ETIIC(J) 20 43 82 195 

ET05(A) ET 11 C(J) 21 41 70 176 
ET11C(J) ET 11 C(J) 17 40 64 177 

ET05(A) ETOI(J) 26 43 107 230 
ETOI(J) ETOI(J) 28 39 133 203 



l~;~url! 7.1 Juveuile·Ulature gratHeuts ju seetlliug trees represeuts :1 'coue of 
juvl!uili1y' ucar tlliJ ll:tSiJ of thu tree. 

L,i/: Conifer sJpling. A::: shool b,lSc. which has reblnl!d its juvenility. 
D ::: lhe mature Jpe.'t. which flowcrs first, 

die rCmJining leners indicate the gr.ldient in Ihe 
juvcnile SlJU! in other shoots, from 
A>F>E>D>C>B. 

RIght: Deciduous sapling A ::: shool base, which h::lS rel:lined its juvenility, 
G ::: the mature flowering pm of the tree. 

B 

F E 

Juvenile slructures arising (rom the "cone ofjuvcnility" 
n~ tlle b:lSe of tlle tree include: 

B ::: adventitious rool "sucker", 
C = 0Ul epicormic shOal. 
D = a sphaerobl:lSt. 
E = 0Ul epicormie shoot (rom a pruned tree,OUld 
F::: epicormic shoots tll~are maintained in the juvenile 

stale by repealed hedging. 

G 

(From HoutmOUln et al. 1990) 



Figure 7.2 Tbe difference between tbe nodes to pbase cbange of a lateral or 
epicormic brancb and tbat of tbe main stem plotted against tbe node 
of origin of tbe lateral, counting tbt: first petiolate leaf on tbe main 
stem as node O. 
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Figure 7.3 The number of nodes required by epicormic shoots to attain phase cbange 
is dependent on their origin in rela tion to the node or phase change on 
the main stem of the plant (n=163). Sl:.mdard deviation bars are given for each 
node. 
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Figure 7.4 Two epicorrnic shoots , arising from the same node, attained 
phase change in differing number of nodes because of 
discontinuous growth. The epicormic that grew 
continuously reached phase change at the 14th node, whereas 
the One with interrupted growth, required 32 nodes (see 
Table 7.1). 



Figure 7.5 Secondary epicormic shoots arising from the 5th and 10th nodes of decapitated 
primary epicormic shoots require the same number of nodes to reach phase 
change as the subtending primary epicormic shoots. 
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Figure 7.6 Secondary epicormic shoots arising close to the point of phase change on the 
main stem require more nodes to reach phase change than primary epicormic 
shoots that arose 10 months before. (a) Each bar represents the mean value and 
s.e. of 4 nodes, (b) shows the lines of best fit and regressions for the primary and 
secondary epiconnic shoots arising from the main stem at 16 and 26 months, 
respectively. 

(a) 

28 

0 
~ 2A § 

" 0 
0 2D ~ 

" Co 

S 15 
~ 

" 0 • 12 

~ • 8 0 ... 
Co 

'" 4 

0 

" 32 28 24 

(b) 

28 

0 • 
~ 24 • • • " .. 
0 • 
~ 20 

• " • 
Co 

S I' • 
• • 
" 0 12 • 
~ 

~ 1 "Epicormics 

m 2"Epicormics 

20 I' 12 8 4 o -4 -8 -12 -I' 

Nodes below phase change on the main stem 

y == 9.5 • 0.352x Rh2 == 0.751 -. 1 "Epicormics 

y _ 12.1 ·0.25711: Rh2 - 0.293 --. 2"Epicormics 

• 
• • • • • • • • • • 

,.. .. -.. .:.. .. --. r_.. . . • • 
• 

• • 

~"\-O.... • • .. :-0 .... . -":-.--"':'-: ............ . -~--- .. 
• 

• • •• 8 • 0 

-........ "'---.. • -. .,. 
Co 

• .. 
'" 4 

• 
0 

38 34 30 " 22 lB 14 10 , 2 -2 -6 -10 -14 -18 

Nodes below phase change on the main stem 



Figure 7.7 The role of the adult part of the stem in accelerating basal 
epicormics was examined by truncating the main stem at the 
5th node (as pictured) or at the 20th node, or by leaving 
the plant entire . 



Figure 7.8 The grand means (± s.e.) of the observed vs. predicted number of nodes 
to phase change for basal epicormic shoots from E. tenuiramis plants 
under five defoliation and truncation treatments. 
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Figure 7.9 The effects of a difference in the 
nutritive or hormonal environment was 
examined by approach grafting a juvenile 
lateral into the adult zone of another 
E. tenuirarnis sapling. 



Figure 7.10 The adult shoots of E. tenuiramis 
saplings were repositioned closer to 
their own shoot base by approach 
grafting. No spontaneous 
rejuvenation was noted. When the 
scion was decapitated, these 
displaced epicormic shoots were not 
rejuvenated to the extent of the 
adjacent basal epicormic shoots. 



Figure 7.11 Grafting the leading shoot of an 
E. tenuiramis phenotype (ET01) onto an 
E. risdonii (RH02) rootstock did not 
affect the height to phase change . The 
grafted shoot differed from the control by 
only 2 nodes in 70, expanded over three 
growing seasons (see Table 7.5). 



Figure 7.12 Changes in leaf shape of an E. tenuiramis plant on its own 
rootstock (ETOl) and on the rootstock of an E. risdonii plant 
(RH02). The node of origin of each leaf is given, counting from the graft union as 
O. and the Hrst petiolate leaf and the first adult leaf on each plant is indicated. Leaf size 
is onewthird of actual size. 

ETOI RH02 



Figure 7.13 Although the graft union of the ET06 
scion with its RHOS rootstock was less 
successful than the ET01/RH02 graft, and 
led to a slower growth rate in the 
grafted shoot, both the graft and the 
control shoot attained phase change in 
the same number of nodes (see Table 7.5). 



Figure 7.14 (a) Cbanges in leaf shape in a juvenile E. tenuiramis plant on its 
own rootstock (ETllC) compared witb a scion from tbe same plant 
grafted onto an adult E. tenuiramis plant (ET05#6). The node of origin 

(a) 

of each leaf is given. counting from the graft union as D, and the frrst petiolate leaf and 
the flrst adult leaf on each plant is indicated. Leaf size is one-third of actual size. 
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43 



Figure 7.14 (b) Changes in leaf shape in a juvenile E. tenuiramis plant on its 
own rootstock (ETllC) compared with a scion from the same plant 
grafted onto an adult E. tenuiramis plant (ET05#10). 

(b) 

ETlle ETOS'" I 0 



Figure 7.14 (c) Cbanges in leaf sbape in a juvenile E. tenuiramis plant on its 
own rootstock (ETOl#12) compared witb a scion from tbe same plant 
grafted onto an adult E. tenuiramis plant (ETOS#10). 

(e) 



Figure 7.15 A E. tenuiramis seedling grafted onto 
the adult part of a sapling required 
almost the same number of nodes 
(38 vs. 36) to reach phase change as 
the control shoot remaining on its own 
rootstock. 



8.1 Taxonomic history 

CHAPTERS 

Conclusion 

..... the study of geographical variation is central to understanding the 
patterns and processes of speciation ..... Cracraft (1989). 

S.l Taxonomic history of the E. risdoniiltenuiramis complex 

100 

The taxonomy of the E. risdoniiltenuiramis complex has a long and varied history, 

during which the phylogenetic relationship between the two taxa has been the subject 
or a wide range of possible hypotheses. These are represented diagrammatically, and 
in chronological order, in Figure 8.1. In (a) E. risdonii is depicted as the ancestral 
form and E. tenuiramis as a derived variety, (b) represents the origin of E. tenuiramis 

from E. risdonii by introgression from a third species, (c) represents the origin of E. 
risdonii from E. tenuiramis by neoteny, and (d) is the phenetic relationship between 

groups of populations which suggests that division of populations into E. risdonii and 
E. tenuiramis is both polyphyletic and paraphyletic and, therefore, not an accurate 

representation of their phylogeny. This section discusses these periods in the 
taxonomic history of the complex in the light of the findings of this study. 

Species descriptions 

With its strikirig appearance and proximity to 'Hobart Town', E. risdonii was one of a 
small number of eucalypts collected for, and described by, J. D. Hooker relatively 

early (1847) in the formal taxonomy of the eucalypts, with the original description of 
E. Risdoni appearing in the London 1. Bot. 6, p. 477 as follows: 

Eucalyptus Risdoni, n. sp.;joliis oppositis ovato-cordatis acuminatis sessilibis v. basi 
lata connatis junioribus ramulis alabastrisque pulver eo-glaucescentibus. pedicellis 
axillaribus 6-lO-JIoris. alabastris breviter clavatis. operculo depresso hemispherico 
umbone nullo. capsula breviter pedicellata obconica rotundata. ore paulo contracto 
margine plano latiusculo valvis inclusis. 
HAB. Risdon, on the Derwent; Gunn.: v.v.n. 
Arbor 20-peda/is. e basi ramosus. aspecIU glaucescente. ramis patentibus divaricatis. 
ramulis gracilibus. cortice laevi. Folia 15 -2 uncialia. rigida. acuminata.latiora quam 
longa. obtusa cum mucrone. Pedunculi 05-0.75 unciales. Alabastra 0.25-0.75 unc. 
longa. Capsulae 03 unc. longae. extus laeves v. paulo rugosae. nitidae. 

Which is translated here as: 
Eucalyptus Risdoni, n. sp.; leaves opposite, ovate-cordate, acuminate, sessile or joined at 
the base; young branches and buds powdery-glaucescent; pedicels (umbels?) axillary, 6-10 
flowered, buds Shortly clavate, operculum hemispherical, depressed, without an umbo; 
capsule shortly pedicellate, obconical, rounded, slightly contracted at the mouth, disc 
narrow, flat, valves enclosed. 
HAB. Risdon, on the Derwent; Gunn.: v.v.n. 
Glaucous tree to 6 m, branching from the base, branches widespreading, smaller branches 
slender, smooth bark. Leaves 3.5-5 cm, stiff, acuminate, wider than long, obtuse to 
mucronate. Peduncles 13-19 mm. Buds 6-9 mm long. Capsule 9 mm long, exterior 
smooth or slightly rugose, shiny. 
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Miquel described E. tenuiramis some nine years later (1856) from material collected at 

Southport (perhaps Buryinground Point) but thio description was dismissed by 
Anglocentric botanists as a description of E. amygdalina until the type specimen was 
re-examined at Willis' direction in 1967. 

Its first description in the Anglo/Australian literature was ten years later, when 
Bentham (1866) described E. Risdoni var. elata in his 'Flora Australiensis'. Far 

the next 68 years, E. tenuiramis was regarded as a variety of E. risdonii by such 
notable botanists as Leonard Rodway (1903) who described E. Risdoni var. elata as: 

Often tall. Glaucous, drooping. Bark smooth, ashy-white. Leaves in the characteristic 
form alternate, stalked, broadly lanceolate, 3-6 inches long. Flowers and fruit as in the 
type, only usually larger; and in many cases the fruit is pear-shaped, with a depressed 
capsule. This form is very unstable, and connects with the type and fonns of E. 
amygdalina. 

The last sentence implies that Rodway may have regarded this variety as a product of 

E. risdonii x E. amygdalina hybridization; however, the height of the tree, the ' 
characteristic pendulous form and glall,cousness, and the larger fruit is more indicative 

of what would now be described as E. tenuiramis. 

In 1918, Rodway restated his opinion that the two forms should be considered as a 

single species: 
The type form of Blue Peppermint [E. risdoniiJ has foliage of an ashy-blue colour, 
leaves nearly as broad as long, shortly pointed or blunt, opposite, the leaves broadly 
com bined with one another across the stem. This is the form found on very dry mudstone 
hills. When the soil is still poor, but moisture available in greater quantity, the tree 
grows out of the juvenile foliaged condition. The leaves become alternate, stalked, 
lanceolate, acute, nearly or quite equal-sided, but still much broader than those of Black 
Peppermint [E. amygdalinaJ. This variety is often referred to as variety elata, but it is 
only the normal development of the type fonn. ... In a bed of typical Blue Peppermint, 
as, for instance, along the Huon-road, about two miles from Hobart .. 

Hybridization between E. risdonii and E. amygdalina has been a major source of 

confusion within the taxa. Maiden (1918) presented a figure of a specimen of what he 

termed E. Risdoni var. hypericifolia, which he regarded as synonymous with E. 
hypericifolia R. Br., Herb. and E. amygdalin a Labill. var. hypericifolia Benth. 

From the classification of this material as belonging to both E. amygdalina and E. 
risdonii, and from its appearance, this form is most probably the product of 
hybridization between the two species. It is significant that Maiden accepts Rodway's 

(1918) distinction between E. Risdoni var. elata and var. hypericifolia, and the latter 
name should be considered to represent E. risdonii x E. amygdalina hybrids. 

Baker and Smith (1912,1920) also examined the relationship between E. Risdoni 
Hook. f., E. Risdoni var. elata, and E. amygdalina var. hypericifolia but using an 

analysis of the essential oils of the specimens. The material of var. elata was collected 

from "the foot of Mt Wellington" (probably Huon Road) and from Strickland, both of 

which would be classified at present as E. tenuiramis. The var. hypericifolia was 

collected "near Hobart, under the direction of Mr. Rodway". Their investigations 

showed that the chemical differences between the three taxa were minor and, as the 
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botanical features were also in agreement, considered that all three fonTIS could be 
considered to be E. Risdoni. 

In this instance, it is unlikely that the var. hypericijolia collected was the direct 
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product of hybridization between E. risdonii and E. amygdalina, for the parental 
species differed markedly in cineol content (55% vs. 12-24%) and the measured 

specimen was not intermediate in this or other essential oil characteristics, containing 

56% cineol. This aberration is somewhat surprising for Rodway (1903) who, 

although not using the terminology, described hypericifolia as the product of 

hybridization between E. risdonii and E. amygdalina. He recognized the high levels 

of variability in leaf morphology in the adults and, when he sampled "a few small trees 
growing on the sand-dunes at Adventure Bay" (which is adjacent to a hybrid swarm at 

Cape Queen Elizabeth (B. Potts, pers. comm.», found that progeny grown from a 

single tree segregated into two forms now recognizable as backcrosses or hybrid 

offspring, which Rodway identified as having close affillillf . with E. amygdalina. 

The perception of E. tenuiramis as a variety of E. risdonii persisted until the 

publication of Blakely's (1934) "A Key to the Eucalypts" in which he described E. 
Risdoni Hook. f. as: 

A glaucous tree, 10-20 feet (about 3-6 m.). Bark smooth, ashy grey, shedding in irregular 
patches. Timber pale·coloured, fissile. Juvenile leaves opposite for an indermite number 
of pairs, sessile or amplexicaul, cordate-lanceolate and connate. markedly glaucous, up to 4 
x 2 cm. Mature leaves opposite, similar in shape, outline and glaucousness to the 
juvenile leaves, 4-6 x 2-3.5 cm.; occasionally alternate, petiolate, lanceolate leaves are 
observed, but not frequently. Umbels axillary, 3-9 flowered. Peduncles compressed to 
sub-terete, 7-10 mm.long. Buds clavate, pedicellate, glaucous, 5-6 x 4-5 mm. 
Operculum hemispherical, obtuse. shorter than the calyx-tube. Anthers adnate, reniform, 
opening in divergent slits; gland terminal, very small. Fruit pedicellate, pyriform to 
subglobose, truncate, 6 x 8 mm. Disc forming an oblique band over the deeply-enclosed 
valves. 

and a new species, E. Tasmanica: 
A beautiful glaucous tree, 30-70 feet high (about 9-21 m), with a smooth, deciduous 
greyish bark on trunk and large branches, the bark of the small branches reddish-brown or 
pruinose; branches pendulous, the terete branchlets densely laden with glaucous, aromatic, 
heteromorphic leaves. Timber pale brown, reputed to be durable in the ground. Juvenile 
leaves very glaucous. opposite, sessile, ovate, cordate-lanceolate and connate-perfoliate for 
an indefinite number of pairs. 3-6 x 2.5-5 cm. Internodes densely mealy-white. 
Intermediate leaves opposite and alternate, sessile to shortly petiolate, cordate-lanceolate to 
obliquely and broadly lanceolate, the apex shortly acuminate, 7-9 x 2.5-4 cm. Venation 
indistinct, the lateral veins diverging at an angle of 30-36° with the midrib, the 
intramarginal vein remote from the thickened revolute margin. Mature leaves alternate, 
petiolate, narrow-lanceolate, acuminate, tapering at both ends, smooth and shining, light 
green to subglaucous, with numerous oil dots, 5-16 x 1-3.5 cm. Venation moderately 
clear, the median nerve subdistinct on both surfaces; lateral veins radiating at an angle of 
20-30° to the midrib, the intramarginal vein distant from the margin. Inflorescence in 
axillary umbels, the short or elongated peduncle supporting 6-25 flowers. Buds clavate, 
tapering into the rather thick pedicels, 5-6 mm. Operculum saucer-shaped, smaller than 
the funnel-shaped calyx-tube. Anthers reniform, with broad cells. Fruit turbinate to 
subpyriform, truncate, pedicellate,6-11 x 7-11 mm., rather thick and sometimes forming 
ball-like masses. Disc small, reddish-brown; valves small, usually enclosed. 
It passes more rapidly from the juvenile to the adult state than E. Risdoni, and grows to a 
large tree .. .It also has a more extended range than that of E. Risdoni. 

thereby elevating the variety elata to specific status 68 years after its first (or second, if 



8.1 Taxonomic history 

you count Miq uel's) description. 

Origin by introgression 

As can be seen from Rodway's (1903, 1918) and Maiden's (1918) observations on 

var. hypericifolia, hybridization between E. risdonii and E. amygdalin a was widely 
recognized. In 1937, Brett summarized the history of the complex and proposed a 

theory on the origins of E. tenuiramis as a product of such hybridization: 
No eucalypt species presents more difficulty than E. Risdoni Hook., f., and its var. elata 
Benth. (E. tasmanica Blakely). To understand the problems associated with it the 
following points, summarizing its history and opinions held by different botanists with 
regard to it, should be noted:-
(I) The type was described by Hooker (1847) on material from Risdon, and is beautifully 
figured in his 'FiOla of Tasmania'. It is intended to cover the trees which maintain entirely 
opposite foliage. 
(2) Bentham, writing later on the same species, extended the description to include the 
trees which are practically entirely covered with opposite foliage but carry a few alternate 
leaves. 
(3) Mueller united E. Risdoni Hook., f., with E. salicijolia Cav. (E. amygdalina 
Labill.). 
(4) The type has a very limited distribution. 
(5) The protean complex of fonns which pass rapidly from the opposite to the alternate 
leaf stage, and often assume the dimensions oflarge trees, has a wide distribution. 
(6) This was identified by Hooker as E. radiata Sieb. He described and distributed five 
varieties of it. 
(7) Bentham described in the 'F. Aust.' the same complex as E. Risdoni Hook., f., var. 
elata. It went under this name until the species E. tasmanica was founded by Blakely 
(1934). 
(8) Rodway supported the view that E. Risdoni elata is simply E. Risdoni Hook., f., in 
better soil conditions than obtain at Risdon. 
(9) On the basis of oil detenninations Baker and Smith (1912) united E. Risdoni Hook., 
f., with its variety hypericifolia of E. salicijolia (E. amygdalina), at one time regarded by 
Rodway as E. hypericijolia R. Br. 

It is suggested in this paper that Hooker's original type is the biotype, and not merely a 
tree prolonging the juvenile condition, and that departures from this type, slight or 
extensive, are due to hybridization. 

103 

Brett (1937) goes on to present evidence for his suggestion that the opposite-leaffonn 
of E. risdonii is the characteristic condition and not merely an artifact of the poor soil. 

He observes that, "if protected from fIre, trees growing in better soil can attain a height 

of 20 feet (6 m) and still retain the paired-leaf condition, most of the trees (mallees) in 
the Risdon stand bear umbels in the opposite leaf stage, and that the soil conditions on 

the upper side off the Huon-road stand of E. Tasmanica are little, if at all, better than 

those at Risdon" . 

Rather than being a response to edaphic conditions as suggested by Rodway (1903), 

Brett (1937) postulates that the E. Tasmanica at Huon Road and similar stands were 
"created by hybridization" and that the high degree of polymorphism exhibited by the 

South-East Coast E. Tasmanica is due to secondary hybridization. lie. s"lp(J0'H, \-his 

contention with the observation that the seedlings of opposite-leaved E. Risdoni are 

much less viable than those of E. Tasmanica due to 'hybrid vigour'. 
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If we deal with these points one at a time, in the light of the results obtained in this 
study, we may draw a different evolutionary relationship between taxa. Brett is both 
correct and incorrect in his observations and conclusions. He correctly observed that 

the retention of the juvenile leaf habit is genetically based, but failed to note that this 

character varies continuously between populations, from a maximal development in 
populations from the Government Hills to a minimum in populations such as Huon 

Road. Even in the most E. risdonii -like populations, there is a proportion of 
individuals that attain the petiolate leaf condition and reason to believe that nearly all 

individuals may attain the petiolate condition if their minimum height to phase change 

is exceeded. In addition, the height to phase change has been shown to vary markedly 

between individuals within a population and between siblings with no evidence of 

hybridization, suggesting that it is under relatively simple genetic control. Similarly, 

the early attainment of reproductive capacity appears to be under simple genetic control 

and is of great selective value in disturbed habitats. Furthennore, although it is true 
that the soil types at Huon Road and in the Government Hills are derived from similar 

bedrock types, edaphic factors are not the only environmental factors capable of 

exerting selective pressure. For example, there is a marked difference in precipitation 
between the two sites that must lead to markedly different soil moisture availability. 

So, in summary, it is true that ontogenetic differences are genetically based, but they 
are not absolute for considerable variation exists within populations, and while soil 

type may be similar between populations of E. risdonii and E. tenuiramis, soil 
moisture availability may be markedly different due to differing patterns of rainfall, 

differing insolation loads, and differing exposure to desiccating winds, thereby 

exerting differing selective pressures for different optima in both retention of the 

juvenile leaf form and in the morphology of that leaf. 

Brett is also partially correct in his suggestions of the role of hybridization. It has been 

convincingly demonstrated that hybridization does occur between E. risdonii and E. 
amygdalina (Potts and Reid 1985c). Indeed, these workers (1988) suggest that 

introgressive hybridization may be a means of dispersal for E. risdonii in their study 

site. What tends to discount Brett's theory of 'divergence by introgression' is that the 
populations shown to have hybrid swarms (and may be dispersing by introgression) 

are the most E. risdonii in phenotype. These Government Hills populations show the 

greatest retention of the juvenile foliage and are the most dissimilar in leaf shape from 

E. amygdalina. The phenotype displays no evidence of the incorporation of parts of 

the E. amygdalina genome. 

While hybridization with other species is most unlikely to have been the source of 

variation between populations classified as E. risdonii and E. tenuiramis, it does 
appear to be the best explanation for the divergence between at least one outlying 

population (LBI) and the remainder of the E.risdoniiltenuiramis complex. Although 

the majority of progeny from this population were included in the E. tenuiramis 
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phenotype they showed a marked affinity in many characters for the closely related 
species, E. coccifera. The population phenotype appears stable (ie. there is no 

evidence of segregation) and the distance to the nearest E. coccifera population 
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prohibits gene flow which implies that there has been no recent hybridization. It is 
probable that this affinity represents genetic remnants of E. coccifera relict from the 

past glacial distribution (as in Shaw et al. 1984) and incorporated into the surrounding 

E. tenuiramis population because of some selective advantage. Alternative hypotheses 

are that this population represents a relict ancestral population, or that this population 

has undergone independent evolution in the direction of E. coccifera. 

Therefore, hybridization does occur between E. risdoniiltenuiramis and other 

peppermints and it may well be the source of variability between populations, 

especially those populations at the margins of E. tenuiramis' distribution, but it is 
most unlikely to be the source of variation between populations classified as E. 
risdonii and E. tenuiramis. In proven examples of hybridization between E. risdonii 
and E. amygdalina (Potts and Reid 1985c), glaucous ness appears to be reduced in 

the progeny; there is no such difference in the levels of glaucous ness between the E. 
risdonii and E. tenuiramis forms. Similarly, the fruit size of E. amygdalina is much 

smaller than that of E. risdonii, and hybrids tend to be intermediate in this character as 

in many others. There is no evidence of any tendency to smaller fruit size in the E. 
tenuiramis phenotypes. 

Nomenclature 

Some 33 years after the elevation of var elata to specific status by Blakely, Willis 
(1967) addressed the usage of the specific epithets "E. tasmanica" Blakely [Key 

Eucal. 214 (1934)], "E. risdonii Hook. f. var. elata" Benth. [Flor. Aust. 3: 203 

(1866)], and "E. tenuiramis" Miq. [Ned. Kruidk. Arch. 4: 128 (1856)]. He 

presented the confusing historical usage of "E. tenuiramis" by Bentham (1866), 

Maiden (1905), Blakely (1934), and Curtis (1956) as a synonym of E. amygdalina 
Labill.; a non-glaucous species called "Island Peppermint"; and as the name for non

glaucous hybrids between E. amygdalin a and E. risdonii. Upon re-examination of 

the type material at the Herbarium of the State University of Utrecht (Netherlands) and 

duplicate type material located in the Melbourne Herbarium (C. Stuart's Nos. 11 and 

16), Willis was in no doubt that E. tasmanica sensu Blakely was identical with 

Miquel's E. tenuiramis and that the two names should be synonymous and that the 

name E. tenuiramis must take precedence. 

Origin by paedomorphosis 

The persistence of the idea that E. risdonii was the ancestral type and that E. 
tenuiramis was the derived condition may have been rooted in an undefmed "von 

Baerian" logic that 'the earlier developmental state is more representative of the 
ancestral condition'. There is no reason to think that the most recent common ancestor 
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of these taxa retained the juvenile leaf condition. Rather, the opposite is more likely, 
for the two closest species E. coccifera and E. nitida (Ladiges et al. 1983), undergo 
the transition to the petiolate leaf habit relatively early (except for some E. coccifera 
populations in high altitude sites (Potts and Jackson 1986». Barber (1965) was 

among the first to suggest that E. risdonii may ha ve arisen from E. tenuiramis, rather 
than the converse. With the two taxa sharing very similar juvenile morphology, which 

appeared to be retained by E. risdonii, he suggested that E. risdonii had arisen from 

E. tenuiramis by neoteny. 

All taxonomic classifications and studies conducted since have confmned the close 

phylogenetic relationship between species but have failed to determine its nature. 
Pryor and Johnson (1971) combined the two into a superspecies, Hallam and 

Chambers (1970) could not separate the two on epicuticular wax characters, and 

Sharma (1974) found only minor differences in a wide range of chemotaxonomic 
characters and, in a cladistic study based on morphological characters, Marginson and 

Ladiges (1982), also considered that the taxa could be regarded as a superspecies. 

Both Davidson et al. (1981) and Ladiges et al.(1983) repeated Barber's hypothesis of 

a heterochronic origin for E. risdonii andE. tenuiramis, with the latter suggesting 
that E. tenuiramis was directly ancestral to E. risdonii...[which) can be interpreted as 
neotenous since it retains juvenile foliage (identical to that of E. tenuiramis) to 

maturity or the flowering stage. However, the two differed on the nature of the 

process, with Davidson et al. (1981) resurrecting Rodway's (1903) observation that it 
could be related to the water relations, whereas Ladiges et al. (1983) states that there 

is no obvious climatic or ecological barrier between the two species, and that speciation 

may thus have been largely a random event (founder effect). This study has failed to 

demonstrate any major barrier between the two forms, not because speciation has been 
a "random event", but because there is no sharp delineation in habitat or form. There 

are differences in soil water availability between the extreme E. risdonii Government 

Hills phenotype and some of the Eastern Shore populations (Kirkpatrick and Nunez 

1980), but these differences have not been quantified because ofrelatively crude 

estimations of ecological parameters. Moreover, the Government Hills phenotype 
shows clear xeromorphic adaptations in anatomy, photosynthetic response, drought 

tolerance and growth rate, which demonstrate adaptation to a more severe 
environment 

This phenetic study of the variation within the complex has shown that there is no 

doubt that E. risdonii has arisen from E. tenuiramis by neoteny. One phenetic 
cluster, the East Coast populations, is markedly divergent from the remaining 

populations comprised of both E. risdonii and E. tenuiramis phenotypes. This 

suggests that heterochronic divergence within the complex has occurred after the 

divergence of the East Coast popUlations, which may have been as recent as the last 

glaciation. 
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The direction of heterochrony 

The identification of this "outgroup" clearly suggests that the taxon, E. tenuiramis, is 
paraphyletic (if I may borrow the term from the cladists). The results also suggest that 

some E. risdonii and E. tenuiramis populations bear a closer morphological 
resemblance to one another than they do to their own taxa. These populations (the ES 

cluster) are geographically contiguous, within estimated limits for gene flow, and the 

variation in morphology and ontogeny appears to be continuous, yet the end points 

have been classified into separate taxa. It is this apparent clinal variation in ontogeny 

that calls into question the more precise nature of the heterochronic processes operating 

in the E. risdoniiltenuiramis complex and whether it represents primary or secondary 
intergradation. 

As has been stressed above, it is clear that paedomorphic processes have been 

operating on the Government Hills and Eastern Shore popUlations, leading to varying 

degrees of the retention of the juvenile leaf form, but the direction of the ontogenetic 

cline is dependent on the point in time at which neoteny operated, and also upon 

whether the GH and ES popUlations have remained in genetic contact (primary 

intergradation) or have diverged in isolation and then re-combined (secondary 

intergradation). This is illustrated in Fig. 8.2. If the morphological disjunction 

between the GH and ES phenetic clusters is merely a step in the cline induced by some 

steepening of environmental conditions, then the most "adult" of the ES populations 

could be regarded as the ancestral type and the ontogenetic cline could be seen as a 

paedomorphocline from the most adult to the most juvenile popUlations. Alternatively, 

if the disjunction between the two clusters represents an evolutionary divergence, this 

suggests that neoteny occurred before the divergence, that GH is representative of the 

ancestral type and that the ontogenetic cline in ES is a reversal of neoteny, an 

'acceleration' of the transition to the adult leaf phase and, therefore, the cline could be 

regarded as a 'peramorphocline'. In the interest of simplicity, I incline towards the 

first option and invoke Dollo's Law about the 'improbability of following the same 

evolutionary trajectory twice' (see Dawkins 1986, p. 94) and Endler's (1977) 
suggestion that, unless there is some evidence for increased variability of fitness and 

morphology in the steepest part of the cline, the cline should be regarded as a result of 

primary intergradation. 

8.2 Ontogeny and phylogeny 

The present taxonomic treatment of the E. risdoniiltenuiramis complex is clearly an 

inadequate description of the variation and the implied phylogeny of the group. The 

division of populations into E. risdonii and E. tenuiramis has not been questioned 
since the elevation of E. tenuiramis (E. Tasmanica) to specific status by Blakely 

(1934) and is a clear example of Cracraft's (1989) warning that the 'resolution of the 

phylogenetic pattern itself is strongly influenced by decisions about species limits'. 

This division is based on the marked difference in the leaf morphology between 
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individuals that make the transition to the petiolate leaf phase and those which retain the 
connate juvenile leaf. This study reveals that the morphological divergence (the 
phenetic relationship between populations) is not in agreement with this simple 

classification based on ontogeny. Five phenetic clusters were identified, rather than 

two, and the major dichotomy was not between E. risdonii and E. tenuiramis forms. 
Furthermore, the variation in ontogeny was not absolute but continuous, with both 

phenotypes found within a single population and within the progeny from a single 

open-pollinated mother. 

There is no doubt that genetically-based differences in developmental timing exist 

within the complex but the continuous nature of the variation between E. risdonii and 

E. tenuiramis forms indicate that speciation has not yet occurred and, therefore, 

treatment of the two forms as separate taxa is inappropriate. 

Geographical variation and reproductive isolation 

The underlying reasons for this cohesion between ES populations may be related to the 

continuous nature of the environmental variation, the short period of time over which 

divergence has been occurring, or that continuity between populations is being 
maintained by gene flow. The pattern of morphological divergence between the other 

phenetic clusters suggests that it may be a combination of all three. 

The close association between geographical and morphological distance throughout the 
complex does not aid in the identification of the most important of these factors. The 

most morphologically distinct populations, the East Coast (EC) phenotype, are subject 

to markedly different climatic patterns, but they have also been genetically isolated 
from the remainder of the complex for the longest period, since at least the last 

glaciation. While genetic divergence in the face of substantial gene flow has been 

shown to be possible (see Endler 1977) it is widely accepted that geographical, or 

reproductive, isolation is necessary to initiate the process of speciation. 

The theory that breeding barriers between sympatric species (or demes) will arise due 
to selection favouring assortative mating and, thereby, avoiding wastage of 

reproductive energy or ill-adapted genotypes has a long history (see Endler 1977). 

However, Potts and Jackson (1986) argue that in long-lived temperate forest tree 

species, such as eucalypts, it is unlikely that there has been sufficient environmental 

stability in recent geological times to allow the completion of such a process. 

Examples of parapatric populations of the same species, or populations of different 
subspecies, that have disjunct flowering times and, therefore, significant barriers to 

gene flow (ie. E. gunniilarcheri, Potts and Reid 1985a; E. urnigera, Potts et al. 
1988; E. cordata, Potts 1989) appear to be examples of responses to differences in the 

environmental induction of flowering rather than arising as a consequence of increased 

genetic load. 
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There is no evidence of displacement of flowering time between E. risdonii and 
E. ten!dramis. Flowering times noted in the field (Potts and Reid 1985c) and 
collected from herbarium sheets (HO) indicate that both taxa have their peak flowering 
intensity in the same month (November) and flower at moderate levels for some 

months on either side of that peak (Reid and Potts 1991). 

Therefore it is most unlikely that any intrinsic barriers to gene flow exist within the 
complex; the most significant barrier is likely to be geographical distance between 

popUlations. Potts (1986) calculated that 8.2 krn distance between populations would 
pose a moderately strong barrier to gene flow in E. risdonii. The populations on the 
Eastern and Western Shores of the River Derwent are separated by at least this 

distance, which may partly explain the divergence between these forms. However, 
while geographical isolation may be a necessary condition for reproductive isolation, 
studies on other eucalypts (ie. E. perriniana; Wiltshire and Reid 1987) show that it is 

not a suffi.cient condition. It appears that even quite small populations may be resilient 
to random drift and introgression and remain morphologically indistinguishable if 
environmental factors impose similar selective pressures, despite periods of 

reproductive isolation of, perhaps, thousands of years. 

Neoteny, progenesis, and environmental stability 

Paedomorphosis in the E. risdoniiltenuiramis complex, especially at its maximum 
expression in the Government Hills populations, appears to be paradoxical being 

derived by both neoteny and progenesis. One trait appears to be a response to 
selection in a stable, densitywdependent environment, whereas the other suggests an 

ephemeral, density-independent environment This duality of the habitat is explained 

by E. risdonii's response to disturbance by fire. Frequent firing of the populations 

imposes a high selective value on precocious sexual maturity and, in this sense, the 

environment is ephemeral. However, a high proportion of individuals survive the fire 
by vegetative regeneration. providing stability in the population. Seedlings cannot 

compete with pre-existing root systems for water and, therefore, only individuals that 
replace the dead can join the population. Therefore, selection is not only for 
precocious sexual maturity and high reproductive loads to maximize the chances of 
occupying a 'safe site' following a fire, but once the seedling(s) is established there is 

severe competition forthe retention of the juvenile leaf type. Attaining the petiolate leaf 

phase before attaining a certain minimum size must incur severe disadvantages. 

Progenesis and detenninate growth 

The determinate growth of animals necessitates the use of ontogenetic trajectories to 
demonstrate changes in ontogeny or developmental timing of populations or species 
perceived to be subject to heterochronic variation. Woody plant species, with their 
modular, indeterminate growth pattern retain a history of at least pan of their ontogeny. 
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In E. n"sdoniiltenuiramis, this personal history is particularly durable, for the sessile 

juvenile leaves are retained on the plant for a number of growing seasons. Their 
connate Qoined) habit prevents effective abscission until the increase in stem girth is 

sufficient to split the leaf pair. Even after leaf abscission, the stem of the sapling is 
frequently ringed with characteristic scars caused by the connate leaf pair, and so it is 

relatively easy to detennine the height of transition to the petiolate leaf phase in 

saplings, or coppice stem, up to 10 years in age. 

The other consequence of indeterminate growth in E. risdoniiltenuiranu's, and 

presumably in other woody plants, is that progenesis is not strictly a paedomorphic 

process. In animals and annual plant species, the attainment of full reproductive 
maturity is associated with a cessation, or diminution, of somatic growth and, sooner 

or later, senescence. In animals, therefore, the process of progenesis leads to a 
juvenilization ofform in the descendant population or species. In woody planfs, 5~c.h 

as E. risdoniiltenuiramis, there is no necessary curtailment of vegetative growth 
associated with the attainment of reproductive potential. The plant will continue its 

growth and development and will, therefore, attain the adult form, in spite of being 
reproductive in the juvenile form 

Clearly, the selective forces operating to reduce the time to reproductive maturity are 

also likely to operate to curtail the life span of the individual while still in that juvenile 

condition. This is undoubtedly the origin of many herbaceous dicot species, with 

programmed senescence being of selective value in environments with predictable 

adverse conditions. This tight genetic control of senescence, in response to 

environmental cues, has been demonstrated in Pisum sativwn (Murfet 1985). When 

these environmental cues are artificially removed, plants like the pea have been shown 
to be capable of indetenninate growth. The annual Glycine max (soybean) has been 

shown to grow for several years, attaining a height of several metres, if supplemental 

lighting is supplied over winter, even undergoing secondary thickening (Nooden 

1980). Such rmdings support Takhtajan's (1972) hypothesis of the origin of 

herbaceous plants from woody ancestors by a combination of progenesis and a 

reduction in the length of life span or the development of programmed senescence. 

8.3 Heterochrony in the genus Eucalyptus 

fl ••• no biases are more insidious than those leading to the neglect 
of things everyone knows about in principle." (Gould 1977). 

Lammers (1990) suggests that one reason that clear botanical examples of 

paedomorphy [or heterochrony, in general] have been lacking is that plants seldom 

produce distinct juvenile and adult stages. Past studies of heterochrony in plants have 

largely been limited to anatomical studies, such as woody tissue in Cactoideae 
(Carlquist 1962, 1975; Gibson 1973), or plant organs, such as flowers in Delphinium 
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(Guerrant 1982). The studies demonstrating heterochrony at the whole plant level are 

few (Tortu/a sp., Mishler 1986; Crepis tectorum, Andersson 1989; Cyanea sp. 
Lammers 1990) and these plants all have clearly delineated juvenile and adult leaf 

mOIphologies. However, the role of heterochrony in the taxon with, perhaps, the 
most remarkable divergence of juvenile and adult leaf morphologies, Eucalyptus, has 

been virtually ignored 

This study of the phenetic and ontogenetic variation in the E. risdoniiltenuiramis 

complex presents a clear example of marked morphological changes in adult form that 

have arisen by differences in the retention of the juvenile leaf morphology (neoteny) 
and onset of reproductive maturity (pro genesis). It has been suggested that the 

juvenile leaf form conveys a selective advantage in sites with limited soil water 

availability, and that the precocious flowering is a response to repeated disturbance in 

that extreme habitat Despite the differences in adult morphology that have arisen due 

to this heterochrony, divergence has not been completed; the variation in both 

morphology and paedomorphosis appears to be continuous, as does gene flow 

between populations with differing ontogenies. In this example, paedomorphosis has 
not led to speciation, perhaps because of the continuity in gene flow and the relatively 

short time (relative to generation time) that these populations have occupied their 

present habitats. 

Similar, if less pronounced, examples of paedomorphosis can be observed within 

other eucalypt species. Indeed, the retention of the juvenile, intermediate foliage type 
into the reproductively mature phase occurs as a common response at the upper 

altitudinal limits in a number of Tasmanian species (E. vernicosa, E. urnigera, E. 

cocci/era, and E. gunnil) (Jackson 1960, Barber 1965; Shaw etal. 1984; Potts and 
. Reid 1985b) and the retention of the juvenile foliage relatively late in ontogeny has 

also been noted for high altitude provenances of Mainland species (ie. E. pauciflora, 

Pryor 1957; and E. nitens, Pederick 1979). 

Examples of precocious sexual maturity (pro genesis ) within other Tasmanian eucalypt 

species are less common but include E. globulus, from an exposed coastal habitat, 
and E. amygdalina sympatric with E. risdonii in the Government Hills (Potts pers. 

comm.). Provenances of E. occidentalis (Bolotin 1975) from arid sites in Western 

Australia have also been shown to be sexually precocious. 

Paedomorphosis 

The above examples indicate that paedomorphosis is a common response within 

species but there are also distinct taxa that retain the juvenile foliage characteristic of 

related species to reproductive maturity. These species are clear examples of 
evolutionary divergence by paedomorphosis. The markedly heteroblastic groups 

(species that make the transition from the dorsi ventral, sessile, opposite, decussate, 
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glaucous juvenile1eaves to the isobilateral, petiolate, alternate adult leaf types) contain 

the most obvious examples of paedomorphic specie~, but there are species that retain 
other distinctive juvenile leaf types. A list of these putative paedomorphic species is 
given in Figure 8.3. 

Admittedly, this figure is a crude depiction of the phylogenetic relationships between 

these paedomorphic species and closely related heteroblastic taxa. These dendrograms 
are based on Pryor and Johnson's (1971) hierarchical code system, which is a 

reflection of taxonomic relationships amI "not an attempt at exact representation of 
cladistic phylogeny",N evertheless, they convey the sense that paedomorphy bas 
occurred frequently within the genus, that it has arisen independently in virtually all 

parts of the genus, and that it has occurred at varying phylogenetic levels, indicating 
that divergence by paedomorphy has occurred at varying times in the evolutionary 
history of the group. 

While I have not included the above~mentioned examples of intra-specific variation in 
paedomorphy (such as the high altitude populations of E. gunnii) in Fig. 8.3, 

subspecies of E. peltata andE. crucis have been cited as examples, as has E. 
risdonii, even though this study has cast doubt on the validity of its specific rank. 
They bave been included because they appear in Pryor and Johnson's (1971) 

classification. At the next phylogenetic level, there are a number of species, such as 
E. ceracea, E. kruseana, E. doratoxylon, that appear to be isolated occurrences of 
paedomorphy, fortheirclose relatives do not exhibit paedomorphic tendencies. These 
are examples of independent and parallel paedomorphy tbat may bave arisen relatively 

recently. 

Other paedomorphic species appear to be clumped, either with other paedomorphs or 
with a mixture of paedomorphs and non~paedomorphs at a similar phylogenetic level 
(they are included in the same Superspecies, Subseries, or Series). Because of the 
coarseness of the phylogenetic hierarchy, it is difficult to identify the point at which the 

changes in developmental timing occurred. All species in the series Setosae (E. 
setosa, E.ferruginae, E. abbreviata, E. zygophyl/a, and E. lamprocalyx) display 

paedomorphic characteristics whereas the next closest species, E. ptychocarpa, does 
not. This suggests that the most recent common ancestor may have been 
paedomorphic. A similar case of a common paedomorphic ancestry might be proposed 
for the lronbarks, E. melanophloia, E. shirleyi, and E. pruinosa. By contrast, the 
cluster of paedomorphic species in the Subseries Cordatinae (E. perriniana, E. 
cordata, E. pulverulenta, E. nova~anglica, and E. cinerea) probably do not share a 
common paedomorphic ancestor, but diverged and then underwent heterochronic 
changes in parallel. If this is the case, there was clearly some innate tendency to 
variability in developmental timing in the ancestral species which fostered this 
paedomorphy. This is supported by the intra-specific variation evident in other species 
in this subseries, for example, Eucalyptus gunnii and E. urnigera, which both 
express paedomorphy in high altitude populations, and E. morrisbyi which delays 
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phase change until relatively late in its ontogeny. As well as an innate tendency 

towards the retention of the juvenile leaf phase, these species may have inherited other 
characteristics that enabled them to occupy extreme environments, and it may be the 

combination of the two factors that is responsible for the common evolutionary 

response. 

In order to develop a clearer understanding of the evolutionary history of groups 

displaying heterochronic variation, it is necessary to derive a more precise measure of 

their phylogenetic distance than that provided by Pryor and Johnson's (1971) scheme. 

Clearly, it is of paramount importance to ensure that the taxa reflect real and discrete 

entities, and that they are not artificially separated into distinct taxa on the basis of 

ontogenetic differences alone, as appears to have been the case with E. risdonii. But 

of those species that are distinct entities, it might be rewarding to undertake a cladistic 

analysis of each of the paedomorphic clusters. Hopefully, this would reveal the point 

at which paedomorphosis has operated in the evolutionary history of each group, and 

confirm that it has operated at a variety of phylogenetic levels. In order to conduct 

such a study, of course it would be necessary to measure only the divergence that has 

occurred independently of the change in developmental timing, ontogenetic effects ". 

would have to be removed. 

From the study of the variation in the E. risdoniiltenuiramis complex, it appears that 

the combination of reproductive isolation and divergent selective pressures is necessary 

for speciation to be completed. A previous study of E. perriniana (Wiltshire and Reid 

1987) indicates that drift alone may be an inadequate source of genetic differentiation. 

Perhaps these other heterochronic systems, in more stable climatic environments or 

under more uniform physical environments, might reveal the periods of time, the 

nature of reproductive isolating mechanisms (flowering phenology due to the Wallace 

Effect or ecological displacement, floral morphology, or geographic isolation), and the 

difference in selective pressures necessary for divergence by heterochrony in eucalypt 

species. 

Paedomorphosis and extreme environments 

The examples of paedomorphosis in Tasmanian eucalypts is closely associated with 

environmental extremes. In the examples of neoteny, it appears that the retention of 

the juvenile leaf phase is a common response to high altitudes and exposure, and this 

study suggests that it may also be associated with drought. Similarly, it appears that 

precocious flowering is associated with frequent disturbance. This association of 

paedomorphic processes with environmental extremes is not an original concept 

Takhtajan (1973), for instance, proposed that genetically neotenous forms arise under 

some kind of environmental stress, such as in deserts (hot and cold), rocky 

environments, or aquatic environments. But he was using the term as a substitute for 

'progenesis' with precocious sexual maturity as the underlying selective pressure. 
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Table 8.1 lists the putative examples of paedomorphic eucalypt species and a closely 
related non-paedomorphic species, and also a brief description of their habitats. Many 

of the species appear to occupy extreme habitats; there is a recurrence of poor soil 
types, low rainfall, frosts, excessive or poor drainage, but above all a common 

character of small size and "straggly" habit that is indicative of harsh environments. 

Clearly any broad generalization is going to be falsifiable, but it does seem that 
paedomorphosis is most likely to arise under high selective pressures, in environments 

that differ significantly from those of the ancestral species, and in otherwise vacant 

ecological niches. This combination of factors suggests extreme environments. It 
would be of great interest to undertake a broad survey of the habitats of paedomorphic 
eucalypts and their sister species, exarnining environmental factors that might be 

associated with the retention of their juvenile fonn or the precocious att:rinment of 
sexual maturity. 

Heterochrony 

The above examples of paedomorphosis are only the most obvious indications of the 

role of heterochrony in eucalypts, instances where the heterochronic influence has 
persisted through to reproductive maturity, producing a strikingly different adult form. 

However, other evidence of evolutionary change by heterochrony is displayed 

throughout the entire genus. One clear example, is the nature of the juvenile leaf 

insertion. It is assumed that the ancestral type bore opposite, decussate, sessile, 

dorsiventralleaves (Blake 1953; Pryor 1976; Ladiges and Humphries 1983) and, at 
some stage in its phylogeny, then included a transition to the pseudo-alternate, 
petiolate, isobilateralleaf type in its ontogeny. This phase change from the juvenile to 

the adult leaf type occurs throughout the genus and, therefore, is probably the ancestral 

condition. If this is the case, the present diversity of juvenile leaf morphology in the 
genus represents divergent, convergent, and parallel changes through time in the onset, 

cessation and rate of phase change. 

Table 8.2 categorizes each of the ninety-two series (except for three for which the 
juvenile foliage was not described) identified by Chippendale (1988) into four classes: 

series in which the juvenile leaves of constituent species are all opposite and sessile; 
those in which all species are opposite, but petiolate; those in which all species are 

alternate and petiolate; and those series which have a mixture of the three juvenile leaf 

arrangements. 

Those species that m:rintain the opposite, sessile habit in their juvenile foliage can be 

regarded as either maintaining those ancestral characteristics, or regaining them 
secondarily. The other two leaf conditions are clearly peramorphic, in that the 

ancestral adult characters (the alternate and/or petiolate leaf type) appear in the 

descendent juvenile phase. This may have arisen either by acceleration of the rate of 
morphological development during ontogeny, leading to an earlier attainment of the 
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adult characteristics, or by pre-displacement, the earlier onset of the morphogenetic 

processes that lead to the production of those adult characteristics, or a combination of 
both processes. 

Alternatively, it could be proposed that the ancestral juvenile type bore the alternate, 

petiolate leaves, in which case the opposite and sessile leaves that are characteristic of 

the heteroblastic species could be regarded as paedomorphic characters. These 

characters might be seedling characters appearing later in the ontogeny of the 

descendent species. 

From Table 8.2, it can be seen that heterochronic variation in these simple characters 

has occurred throughout the genus and (if these classifications are representative of 

evolutionary relationships) at varying phylogenetic levels. This has led to some higher 

taxa being more disposed to the opposite and sessile juvenile foliage (the ancestral 

condition) than others, but variation is present in all sections comprising more than a 

few species. For instance, in the informal subgenus Corymbia (Pryor and Johnson 

1971), all three series in the section Ochraria share the alternate, petiolate juvenile leaf 

habit, indicating that the most recent common ancestor was the source of this 

peramorphy. By contrast, the other section (Rufaria) in this subgenus contains the 

series Terminaliptera, which is comprised of species with all three types of juvenile 

leaf insertion. This suggests more recent episodes of heterochrony. Either the most 

recent common shared ancestor of this group possessed the opposite, sessile juvenile 

leaf type and some descendent species have undergone peramorphosis, or the ancestor 

was already peramorphic, and secondary heterochrony (paedomorphosis) has 

occurred, resurrecting the opposite, sessile juvenile leaf habit from the store of 

developmental plasticity within the gene pool. 

It was stated earlier that such reversal of heterochrony was more improbable than the 

retention of the ancestral condition in the E. risdoniiltenuiramis instance. 

Nevertheless, the time scale for evolutionary changes of this magnitude is more likely 

to be measured in hundreds of thousands of years, rather than the thousands of years 

suggested for that example. Indeed, the repeated occurrence of a species or a small 
group of populations with the ancestral opposite, sessile juvenile leaf habit in groups 

that are otherwise exclusively alternate and petiolate, is strongly suggestive of the 

"regaining" of the sessile opposite condition rather than "retaining" it. 

Conclusion 

This study of the variation in the E. n'sdoniiltenuiramis complex has illustrated that 

heterochrony is a powerful means of altering morphology with only minor changes to 

the genome. These large differences in the adult phenotype have led to the 

classification of the two forms into distinct species, yet this does not appear to be an 

accurate reflection of the genetic distance between the forms. In this example, 
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speciation by paedomorphy has not been completed, but many species of eucalypt have 
arisen by this means, these species often being found in extreme environments. 

Examination of these taxa indicates that paedomorphy has operated at all phylogenetic 
levels: operating at present, within species in a clinal fashion; operating in the recent 
past, to produce sister species; and at earlier points in the evolutionary time scale, 

which has produced groups of paedomorphic species. In addition to paedomorphy, 

other heterochronic processes (peramorphy) are obviously operating throughout the 
genus, and this evolutionary shifting of the timing of developmental events has a wider 

significance in eucalypt evolution. Because of this repeated occurrence and operation 
at all phylogenetic levels, the role of heterochrony in the genus Eucalyptus deserves 

greaterrecognition and comprehension which, hopefully, will instill a degree of 

caution in taxonomists who would elevate groups of populations on ontogenetic 
differences alone. 



Table 8.1 Names and some ecological parameters of some Eucalyptus species 
displaying paedomorphic tendencies anrl those of closely related taxa. 

Code - from the classification by Pryor and Johnson (1971) 
Series - from the classification by Chippendale (1988) 
Species Author (Common name) 
Juvenile leaf characters 
Paedomorphic status 
Temperature 
Rainfall 
Soil and Habitat 
Habit and References a = Blake (1953), b = Kelly (1983), c = Petheram and Kok (1983), 

d = Brooker and Kleinig (1983), e = Boland (1984), f = Chippendale (1988). 

BAA:H 
1. Scutiformes 
E. gilbertemis (Maiden and Blakely) S.T.Blake (Gilbert River Bloodwood) 
juvenile leaves are opposite. sessile or very shortly petiolate. broadly lance alate, rough 
paedomorphic; juvenile leaves persistent 
high temperatures 
750 mm (summer) 
grows in shallow, stoney soils in woodland on stony ridges 
as a small, crooked tree « 10 m) a,b,f 

BAA:! 
1. Scutiformes 
E. aspera F.Muell. (Brittle Range Gum) 
juvenile leaves are opposite. sessile to shortly petiolate, cordate, obtuse, glaucous. small, rough 
paedomorphic; lanceolate adult leaves rarely seen 
300-750 mm 
grows in sandy and stony soil in low open woodland on quartzite and sandstone hills 
as a smaU, straggly tree (6-12 m) a,b,c,e,f 

BAA:J 
1. Scutiformes 
E. ferriticola Brooker and Edgecombe 
juvenile leaves are opposite. petiolate. ovate, light green 
not paedomorphic; flowers in the lanceolate adult leaf stage 
occurs as isolated trees in gorges and on steep slopes, often in ironstone crevices; in more rugged situations 
than E. aspera and is a smaller tree than E. aspera 

CAA:A 
2_ Terminaliptera 
E. setosa Schau. (Rough-leaved Bloodwood) 
juvenile leaves are opposite, sessile, cordate, lance alate to broadly ovate, with reddish, bristly hairs 

paedomorphic; leaves on the mature trees similar to the juvenile 
grows in sandy and rocky soils in shrublands with spinifex or in mixed open forest 
as a smaU, straggly tree (3-6 m) a,b,c,f 

CAA:B 
2_ Terminaliptera 
E.ferruginue Schau. (Rusty Bloodwood) 
juvenile leaves are opposite, sessile or very shortly petiolate, amplexicaul, oblong-lance alate, glaucous 
paedomorphic; leaves on the mature trees similar to the juvenile 
high temperatures (aU year) 
735-1500 mm 
grows in sandy or stony soil in flat, open, sandy forests 
as a medium tree « 12 m) a,b,c,f 

CAA:C 
2_ Terminaliptera 
E. abbreviata Blakely and Jacobs (Scraggy Bloodwood) 
juvenile leaves are opposite, sessile, broadly lanceolate, cordate or amplexicaul 
paedomorphic; leaves of mature trees usually intermediate, not adult 
high temperatures (aU year) 
960 mm (summer) 
found in open woodlands and stoney slopes as a scraggly tree « 6 m) b,f 



CAA:D 
2. Terminaliptera 
E. zygophyl/a Blakely (Broome Bloodwood) 
juvenile leaves are opposite. sessile, usually cordate, slightly connate, oblong to lance alate, thick 
paedomorphic; leaves on the mature trees similar to the juvenile 
high (all year) 
550-635 mm (summer) 
grows in shallow, sandy and rocky soil in stoney, open sites 
as a small tree « 12 m) a,b,c,f 

CAA:E 
2. Terminaliptera 
E.lamprocalyx Blakely (fwin-leaved Bloodwood) 
juvenile leaves are opposite. sessile, connate, broadly lanceolate to lanceolate. bluish, thick 
paedomorphic; leaves on the mature trees similar to the juvenile 
high temperatures (all year) 
630-980 mm (summer) 
grows in hard. stony soilson steep slopes in open woodlands 
as a small, crooked tree « 8 m) b,f 

CAFEE 
2. Terminaliptera 
E.foelscheana F.Muell. (Fan-leaved Bloodwood) 
juvenile leaves are soon alternate, shortly petiolate. ovate 
pro genetic; flowers at 0.45 m 
grows in very deep sand. light grey lateritic, podsolic soils on gentle slopes and low, rocky hills in mixed 
open forest as a small tree « 10 m) a,b,c,f 

CCA:AA 
5. Naviculares 
E. pellala subsp. pellala Benth. (Rusty Jacket) 
juvenile leaves are opposite, petiolate, ovate-orbicular, peltate 
paedomorphic; leaves on the mature trees are persistent juvenile leaves 
480-900 mm (summer) 
grows in poor, shallow, gravelly or sandy soils 
in dry, sclerophyll forest and woodland 
as a small, crooked tree « 10 m) b,f 

CCA:AB 
5. Naviculares 
E. pellala subsp. leichhardlii (Bailey) (Leichhardt's Rusty Jacket) 
juvenile leaves are opposite, petiolate, peltate, broadly lanceolate 
not paedomorphic; flowers in the lanceolate adult leaf stage 
grows in poor, shallow, gravelly or sandy soils in dry, sclerophyll forest and woodland 
as a small, crooked tree « 10 m) b,e,f 

CCB:A 
6. Torellianae 
E.lorelliana F.Muell. (Cadaga) 
juvenile leaves are alternate, petiolate, peltate, broadly ovate 
paedomorphic; lanceolate adult lea yes rarely seen 
warm, no frosts 
2000 mm (summer) 
grows in sandy loarns derived from granite in and around tropical rainforest 
as a medium tree (20-30 m) b,e,f 

EAAAA 
8. Heteroptera 
E. lelragona (R.Br.) F.Muell. (fall Erack, White Marlock, Mealy Gum) 
juvenile leaves are opposite, petiolate, broadly elliptic, apiculate, glaucous, thick 
paedomorphic; leaves on the mature trees similar to the juvenile 
47.2"C max., -0.6"C min. (rare frosts) 
330 mm (winter) 
grows in poor white or grey sand in scrub heath 
as a straggly shrub (2-2.5 m) or small tree « 8 m) a,b,c,d,e,f 



EAADA 
11. Odontocarpae 
E. gongy/ocarpa Blakely (Marble Gum) 
juvenile leaves are opposite. sessile, amplexicaul, crenate, broadly ovate, remotely crenate, glaucous 
not paedomorphic; flowers in the elliptic-lanceolate adult leaf stage 
high temperatures, occasional frosts 
175-280 mm 
grows in sandy soils on sandy plains 
as a smull tree (7-12 m) b,f 

EAADC 
11. Odontocarpae 
E. odonlocarpa F.Mueli Sturt Creek Mallee) 
juvenile leaves are opposite, often connate, narrowly lanceolate, green 
paedomorphic; juvenile or intermediate leaves persistent in mature mallees 
high (all year). occasional frosts 
375 mm (highly variable) 
grows in .deep. red sands, including sand dunes on low, stoney rises 
as a many-stemmed mallee « 4 m) b,f 

EAADE 
11. Odontocarpae 
E. gamophyl/a F.Muell (Blue Mallee) 
juvenile leaves are opposite. sessile, connate, ovate, glaucous 
paedomorphic; lance alate adult leaves rarely seen 
grows in deep, red sands, induding sand dunes in central Australia 
as a many-stemmed mallee (3-8 m) b,f 

EFC:A 
14. Miniatae 
E. miniala Cunn. ex Schau. (Darwin Woolybutt) 
juvenile leaves are alternate, petiolate, ovate, green, stellate hairy 
not paedomorphic; flowers in the lanceolate adult leaf stage 
high temperatures (all year) 
1500 mm (summer) 
grows in sandy or lateritic soil in open forest or woodland on wetter sites 
as a medium tree « 30 m) b,f 

EFC:C 
14. Miniatae 
E. ceracea Brooker and Done 
juvenile leaves are opposite, decussate, sessile, ovate, glaucous, hailY 
paedomorphic; leaves on the mature trees similar to the juvenile 
occurs among coarse-grained quartzitic and sandstone boulders 
only near King George Falls. W A. 
as a small tree « 3 m) f 

MATEB 
37. Radiatae 
E. risdonii Hook.f. (Risdon Peppermint) 
juvenile leaves are opposite, sessile, connate, orbicular, ovate or broadly lance alate, glaucous 
paedomorphic; lanceolate adult leaves rarely seen 
moderate temperatures, rarely> 30°C, occasional frosts 
600 mm (all year) 
grows in freely-drained, infertile, skeletal, mudstone soils on north- to west-facing slopes 
as a mallee in disturbed situations or small tree (5 - 8 m) b.d.e,f 

MATEC 
37. Radiatae 
E. lenuiramis Miq. (Silver Peppermint) 
juvenile leaves are opposite, sessile, connate, broadly ovate to suborbicular, glaucous 
not paedomorphic; but the persistence of the juvenile foliage is variable 
moderate, rarely> 30°C, occasional frosts 
560-1000 mm 
grows in well-drained. infertile, mudstone and sandstone soils in open, dry sclerophyU forest 
as a medium tree « 25 m) a,b.d.e,f 



SIM:A 
52. Kruseanae 
E. kruseana F.Muell. (Bookleaf Mallee) 
juvenile leaves are opposite, sessile, cordate, orbicular, glaucous 
paedomorphic; leaves on the mature trees similar to the juvenile 
high temperatures, occasional frosts 
200 mm (late summer - early spring) 
grows in sandy soils and is associated with granite outcrops 
as a small. straggly mallee (1.8-2.4 m) b.f 

SIM:B 
52. Kruseanae 
E. brachyphy/la C.Gardener (possibly a hybrid between E. kruseana E. ovularis ) 
juvenile leaves are subopposite or alternate, broadly ovate, glaucous 
not paedomorphic. but petiolate adult leaf has a similar leaf shape to the juvenile leaf 
high temperatures, occasional frosts 
200 mm (late summer - early spring) 
grows in sandy soils and is associated with granite outcrops 
as a straggly mallee or small tree (3 m) a.b.c.d.e.f 

SIP:A 
54. D ecurvae 
E . doraloxylon F.Muell. (Spearwood Mallee) 
juvenile leaves are opposite, narrowly lanceolate, green 
partially paedomorphic; adult leaves are opposite, narrowly lanceolate 
grows in protected rocky areas in heathland or open forest 
as a mallee « 3 m) b.f 

SIP:B 
54. Decurvae 
E. decurva F.Muell. (Slender Mallee) 
juvenile leaves are opposite, ovate, ±cordate, glaucous 
not paedomorphic; flowers in the lanceolate adult leaf stage 
grows in lateritic sandy and clayey soils in hilly and undulating country 
as a mallee « 4.5 m) b.f 

SIT:L 
60. Subulatae 
E. socialis F.Muell. ex Miq. (Red Mallee) 
juvenile leaves are alternate, sessile to shortly petiolate, elliptic to ovate, green 
not paedomorphic; flowers in the lanceolate adult leaf stage 
high temperatures (frequently> 37'C); frequent frosts 
250-350 mm (unreliable) 
grows in sandy soil on plains in shrubland 
usually as a mallee « 9 m) or small tree « 12 m) b.f 

SIT:N 
60. Subulatae 
E. gillii Maiden (Curley Mallee) 
juvenile leaves are opposite, sessile, cordate or broadly ovate, glaucous 
paedomorphic; lanceolate adult leaves only on the higher branches 
found on travertine limestone 
on plains and low hillsides, often in pure stands but also in open shrubland 
as a mallee. in dense thickets (6 m) b.f 

SIVCA 
62. Curviptera 
E. ewarliana Maiden (Ewart's Mallee) 
juvenile leaves are alternate, petiolate, ovate, green 
not paedomorphic; flowers in the lanceolate adult leaf stage 
associated with granitic outcrops 
as a mallee « 6 m) b.f 



SIVCC 
62. Curviptera E. orbifolia F.Muell. (Round·leaved Mallee) 
juvenile leaves are opposite to sUb-opposite. petiolate. suborbicular. glaucous 
paedomorphic; adult leaves atemate but similar to the juvenile 
high temperatures, frosts 
230·250 mm (cooler months) 
grows in granite sands associated with granite outcrops 
as a mallee or small tree « 6 m) b,f 

SIVCEA 
62. CurvipteraE. crucis subsp. crucis Maiden (Silver Mallee) 
juvenile leaves are opposite. sessile, cordate, occasionally connate, orbicular or suborbicular. glaucous 
paedomorphic; leaves on the mature trees similar to the juvenile or intermediate leaves 
high temperatures (20 days> 37'C). frosts (26 days) 
250-330 mm (cooler months) 
grows in shallow. granite sands 
as a straggly mallee « 6 m) b,f 

SIVCEB 
62. Curviptera 
E. crucis subsp. lanceolala Brooker and Hopper 
juvenile leaves are opposite. sessile, cordate, occasionally connate, orbicular or suborbicular. glaucous 
not paedomorphic; flowers in the lance alate adult leaf stage 
high temperatures (20 days> 37'C). frosts (26 days) 
250-330 mm (cooler months) 
grows in shallow, granite sands 
as a straggly mallee « 6 m) b,f 

SIVEE 
62. Curviptera 
E. macrocarpa Hook. (Mottlecah, Bluebush, Desert Mallee) 
juvenile leaves are opposite, sessile, broadly elliptic to suborbicular, glaucous 
paedomorphic; adult leaves similar to the juvenile 
high temperatures (22 days> 37'C), frosts (14 days) 
380-500 mm (cooler months) 
grows in grey sandy soils on undulating heathland 
as a sprawling shrub (1.2-3 m) b,f 

SIVEF 
62. Curviptera 
E. rhodantha Blakely and Steedman (Rose Gum, Rose Mallee) 
juvenile leaves are opposite, sessile, cordate, orbicular~ glaucous, thIck 
paedomorphic; adult leaves similar to the juvenile 
high temperatures (max. 45'C. 21 days> 37'C). frosts (min. -4.7'C. 21 days < O'C) 
380-500 mm (cooler months) 
grows in grey - red sandy soils on flat and gently undulating country 
as a straggly mallee (2.5-3 m) b,f 

SIZ:E 
64. Porantherae 
E. uncinata Turcz. (Hook-leaved Mallee) 
juvenile leaves are opposite, decussate, sessile, connate, glaucous, discolorous 
not paedomorphic; flowers in the lanceolate adult leaf stage 
250-500 mm 
grows in gravelly sand or sandy loam, mostly in open shrubland 
as a mallee « 4 m) b,f 

SIZ:G 
64. Porantherae E. albida Maiden and Blakely (White-leaved Mallee) 
juvenile leaves are opposite, decussate, sessile, cordate, ovate, glaucous 
partially paedomorphic; juvenile leaves arising in the mature crown from epicormic shoots 
high temperatures ( max. 44.3'C. 14 days> 37'C). frosts (min. -3.3. 36 days < 0') 
300-380 mm (cooler months) 
grows in yellow, lateritic sands on flat, open heath land as a mallee « 3 m) b,f 



SNADA 
71. Subexsertae 
E. mooreana W.V.Fitz. ex Maiden (Mountain White Gwn, Moore',) Gum) 
juvenile leaves are opposite, sessile, cordate, occasionally connate, ovate, glaucous, thick 
paedomorphic; adult leaves similar to the juvenile 
high temperatures 
600 mm (summer) 
grows in quartzite among quartzite rocks on slopes 
as a small, crooked tree « 9 m) b,f 

SNADD 
71. Subexsertae 
E, houseana W.V.Fitz. ex Maiden (Kimberly White Gum) 
juvenile leaves are opposite, petiolate, suborbicular to ovate, 
not paedomorphic; but the persistence of the juvenile and intermediate foliage is variable 
high temperatures (all year) 
630 - 1140 mm (summer) 
grows in swampy. alluvial soil along river flats in open forest or woodland 
as a tree « 24 m) b,f 

SNADE 
71. Subexsertae 
E. apodaphyl/a Blakely and Jacobs (Whitebark) 
juvenile leaves are opposite, sessile, amplexicaul, ovate to broadly lanceolate, glaucous 
paedomorphic; adult leaves similar to the juvenile 
high temperatures 
(summer) 
grows in loamy soils along low-lying drainage channels, alluvial flats, poor drainage, compacted soils 
as a medium sized tree « IS m) a,b,c,f 

SPECA 
76. Microcarpa 
E. aromaphloia Pryor and J.H.Willis (Scent Bark) 
juvenile leaves are opposite, sessile, elliptic, ovate or broadly lanceolate, green or slightly glaucous 
not paedomorphic; flowers in the lanceolate adult leaf stage 
moderate temperatures 
grows in good loam or clayey loam soils on lower slopes or flats in undulating areas where it has better soil 
moisture conditions 
as a tree « 25 m) b,d,f 

SPIBA 
76. Microcarpa 
E.parvifolia Cambage (Kybean Gwn, Small-leaved Gum) 
juvenile leaves are opposite, sessile, elliptic to ovate then broadly lanceolate, green 
partially paedomorphic; juvenile leaves common in the crown 
frosts (100 days < O°C) 
Soo mm 
grows in meadow soils on flat, poorly drained, gently sloping floors of valleys,at > 1000 m 
as a small, densely crowned tree « 10 m) b,d,f 

SPIAA 
77. Viminales E. neglecta Maiden (Omeo Gum) 
juvenile leaves are opposite, sessile, broadly elliptic to suborbicular, glaucous. thick 
paedomorphic; juvenile or intermediate leaves persistent in mature trees 
frosts?? 
found in the Victorian highlands (900 m) 
as a small tree « 6 m) a,b,c,d,e,f 

SPIAC 
77. Viminales 
E. kitsoniana Maiden (Gippsland Mallee) 
juvenile leaves are opposite, sessile, ovate to suborbicular, emarginate, green 
partially paedomorphic; intermediate leaves are persistent in mature trees 
frosts?? 
grows in poor soils inland and on coastal plains and flats near watercourses, on wet sites 
as a mallee (usually 1-1.2 m) or small tree « 9 m) b,d,f 



SPIAF 
77. Viminales 
E. sturgissiana L.Johnson and D.Blaxell (Ettrema Mallee) 
juvenile leaves are opposite, sessile, connate, elliptic to orbicular or ovate, glaucous, thick 
paedomorphic; juvenile or intermediate leaves persistent in mature trees 
grows in shallow, sandy soil on sandstone plateaux, alternately waterlogged and very dry 
as a mallee « 5 m) b.d,f 

SPICA 
77. Viminales 
E. crenulata Blakely and de Beazeulle (Victorian Silver Gum. Buxton Gum) 
juvenile leaves are opposite, sessile, amplexicaul, ovate, cordate, glaucous, crenulate 
paedomorphic; adult leaves similar to the juvenile 
frosts 
grows on flat areas near watercourses, often wet~ marshy, cold 
as a small tree « 9m) b.dJ 

SPIJAA 
77. Viminales 
E. vernicosa Hook.f. (Varnished Gum) 
juvenile leaves are opposite, sessile, elliptic to ovate, mucronate, green, small, thick 
paedomorphic; pro genetic - flowers at 45 em 
frosts 
grows in alpine humus, skeletal soils or moorland peats on cold, wet, steep, exposed ridges and mountain 
slopes> 900 m as a small shrub « I m) or mallee « 3.5 m) b.d,! 

SPIJAB 
77. Viminales 
E. subcrenulata Maiden and Blakely (Tasmanian Alpine Yellow Gum) 
juvenile leaves are opposite, sessile, elliptic to ovate, crenulate, green, 
not paedomorphic; flowers in the lanceolate adult leaf stage 
frosts 
grows in alpine humus or yellow, podsolic soils In subalpine woodland in montane areas on exposed ridges, 
plateaus and slopes as a small to medium tree « IS m) b.d,! 

SPINIA 
77. Viminales 
E. gunnii Hook.f. (Cider Gum) 
juvenile leaves are opposite. sessile, amplexicaul, crenulate, emarginate, ovate to orbicular, glaucous, thick 
paedomorphic in extreme environments, but usually flowers in the broadly lanceolate adult leaf stage 
extreme cold, frosts to -20°C 
ISOO mm 
grows in alpine humus soil among rocks on the central plateau on poorly drained flats, valleys and plateaus, 
in woodlands as a tree (20 ·24 m) b.d,f 

SPINN 
77. Viminales 
E. perriniana F.Muell. ex Rodway (Spinning Gum) 
juvenile leaves are opposite, sessile, connate, orbicular, glaucous 
paedomorphic; attains lanceolate adult foliage only with large size 
cold~ severe frosts frequent 
750 mm 
grows in skeletal soils in high altitude, marshy sites 
as a straggly mallee « 6 m) or small tree « 9 m) b.dJ 

SPINO 
77. Vimioales 
E. cordata Labill. (Heart.leaved Silver Gum) 
juvenile leaves are opposite, sessile, amplexicaul, orbicular or cordate, crenulate, glaucous 
paedomorphic; lanceolate adult leaves rarely seen 
mild summers, frosts . 
635·1140 mm 
grows in yellow podsolic or dolerite soils in damp, flat, wet forest 
as a shrub. medium tree (3 . 20 m) b.d,! 



SPINQ 
77. Viminales 
E.pulverulema Sims (Silver-leaves Mountain Gum) 
juvenile leaves are opposite, sessile, amplexicaul, orbicular to ovate, glaucous, thick 
paedomorphic; lanceolate adult leaves rarely seen 
grows in shallow soils on mountain slopes 
as a shrub, straggly mallee « 5 m), or small tree « 9 m) b,d,f 

SPINS 
77. Viminales 
E. nova-anglica Deane and Maiden (Black Peppermint, New England Peppermint) 
juvenile leaves are opposite. sessile, amplexicaul, orbicular to cordate, glaucous 
not paedomorphic; flowers in the lanceolate adult leaf stage 
cool-cold, frequent frosts 
1000 mm (summer) 
grows in heavy soils on poorly drained tableland areas, lower slopes and valleys at 750-1500 m 
as a medium tree « 24 m) b,d,f 

SPINU 
77. Viminales 
E. cinerea F.Muell. ex Benth. (Argyle Apple) 
juvenile leaves are opposite, sessile or shortly petiolate. amplexicaul, orbicular to cordate, glaucous 
paedomorphic; juvenile or intermediate leaves persistent in mature trees 
warm - hot summers, frosts (15-45 days <D'C) 
500-900 mm (all year) 
grows in infertile sandy shale or poor, compacted, clay loam soils on flat country. near watercourses, in 
woodland at 500-900 m as a small, medium tree (8-16 m) b,d,f 

SUA BE 
78. Striolatae 
E. oligantha Schauer (Broad-leaved Box) 
juvenile leaves are alternate, petiolate, ovate 
not paedomorphic, although adult leaves remain broadly ovate or suborbicular 
grows in shallow loarns and podsols on flats and gentle slopes, often along watercourses 
as a medium tree « 15 m) b,f 

SUABG 
78. Striolatae 
E. koolpinensis Brooker and Dunlop 
juvenile leaves are opposite, subopposite or becoming alternate, ovate or 'orbicular, glaucous 
paedomorphic; lanceolate adult leaves rarely seen 
found on clay flats or shallow soil on sandstone as a low, open woodland with a grassy understorey 
as a small tree « 8 m) b,f 

SUADJ 
78. Striolatae 
E. cyanoe/ada Blakely 
juvenile leaves are n1 
not paedomorphic; flowers in the lanceolate adult leaf stage 
high temperatures (all year) 
380 mm (summer) 
grows in hard, cracking, clay soils on plains, as scattered trees and in open woodland 
as a small tree « 7m) b,f 

SUP:Y 
78. Striolatae 
E. pruinosa Schau. (Silver Box) 
juvenile leaves are opposite. sessile, cordate, ovate or broadly lanceolate, glaucous 
paedomorphic; adult leaves similar to the juvenile 
380-900 mm 
grows in shallow, red, sandy soil, sometimes calcareous 
in poorly-drained situations, or on flood plains as a mallee « 3 m ) or a small, straggly tree « 10 m) b,f 



SUP:V 
88. Siderophloiae 
E. me/anoph/oia F.Muell. (Silver.leaved Ironbark) 
juvenile leaves axe opposite. sessile, often cordate, ovate to orbiculax. glaucous 
paedomorphic; adult leaves similax to the juvenile 
wide range, frosts (0 - 50 days <'C) 
400-750 mm (summer) 
grows in a wide range of soils from deep red, loamy, sandy overlying clay, on plains and tablelands in 
woodland and open woodland as a medium tree « 25 m) b,f 

SUP:W 
88. Siderophloiae 
E. shirleyi Maiden (Shirley's Silver-leaved lronbark) 
juvenile leaves axe opposite. sessile, cordate to amplexicaul, ovate to orbicular, glaucous 
paedomorphic; juvenile or intermediate leaves persistent in mature lJ'ees 
grows in lateritic, red earths and clay loarns, sandy loarns, low fertility on slopes. ridges and flats in 
woodland and dry sclerophyll forest 
as a medium tree « 15 m) b,f 



Table 8.2 The juvenile leaf form displayed in each series of eucalypts as defined by 
Chippendale (1988) and in each subgenus and section as defined by Pryor and 
Johnson (1971). The number of species in each series is given in brackets O. 

SUBGENUS 
SECTION 

BLAKELLA 
LEMURIA 

CORYMBIA 
RUFARIA 

OCIIRARIA 

EUDESMJA 
QUADRARIA 
APlCARIA 

GAUBAEA 
CURTISARIA 

IDIOGENES 
GYMPIARIA 

MONOCALYPTUS 
RENANIHERIA 

SYMPHYOMYRTUS 
EQUATORIA 
HOwrrTARIA 
TINGIBUA 
TRANSVERSARIA 

BISECfARIA 

DUMARIA 

EXSFRTARIA 

MAIDENARIA 

ADNATARIA 

SEBARIA 

Juvenile leaves Juvenile leaves 
are opposite are opposite 
and sessile and petiolate 

3. lacobsianae (1) 
4. Trachyphloiae (1) 

II. Odontocup.e (3) 12. Tetrodontae (1) 

16. Leptospermae (1) 

22. lohsonianae (1) 
23. Subereae (1) 

26. White-mahoganies (2) 
28. Olsenianae (1) 
29. Psuedostringybarks (2) 

37. Radiatae (9) 

38. Myrtiformes (2) 
39. Howittianae (1) 

54. Decurvae (2) 

64. Porantherae (7) 

70. Ovulares (6) 

Juvenile leaves are 
are alternate 
and petiolate 

5. Naviculares (4) 
6. Torellianae (1) 
7. Maculatae (3) 

9. Ebbanoensis (3) 
13. Scutelliformes (3) 

15. Curtisianae (1) 

17. Meglanthae (1) 
18. Rubiginosae (1) 

20. N europtera (3) 
24. Insulares (1) 
25. Occidentales (4) 
27. Pachyphloiae (21) 
30. Regnantes (2) 
31. Planchionae (2) 
32. Eucalyptus (6) 
33. Psathyroxyla (11) 
34. Fraxinales (11) 
36. Piperitales (1) 

40. Ochroxylon (1) 
42. Transversae (5) 
43. Annulares (3) 

Juvenile leaves 
differ within 

a series 

L Scutiformes (9) 

2. Terminaliptera (44) 

8. Heteroptera (4) 
14. Miniatae (3) 

19. Diversiformes (10) 
21. Cochleatae (4) 

35. Longitudinales (3) 

41. Inclusae (1) 

44. Lepidotae-funbriatae (8) 
45. Comutae (8) 
46. Micromembranae (6) 
47. Elong.tae (9) 
48. Levispennae (6) 
49. Accedentes (5) 
51. Conto!'tae (4) 
53. Loxophlebae (1) 
56. Squamosae (2) 
59. Microcorythae (1) 
61. Salmonophloiae (1) 
63. Heterostemones (5) 
65. Rufispermae (15) 
66. Torquatae (9) 
68. Tetrapterae (7) 
69. Dundasianae (1) 
72. Exsertae (17) 
73. Pumilae (I) 
74. Michaelianae (1) 

79. Buxeales (5) 
80. Rummeryanae (1) 
81. Cambageanae (1) 
82. Paniculatae (2) 
84. Porantheroideae (4) 
85. Dawsonianae (1) 
86. Mollucanae (4) 
87. Subbuxeales (8) 
89. Heterophloiae (6) 
92. Alveolatae (3) 

50. Obliqu.e (3) 
52. Kruseanae (2) 
55. Micrantherae (1) 
57. Bakerianae (3) 
60. Subul .... (14) 
62. Curviptera (21) 

71. Subexsertae (14) 

75. Foveolatae (7) 
76. Microcarpae (6) 
77. Vintinales (43) 
78. Striolatae (14) 

88. Siderophloiae (12) 
90. Rhodoxyl. (7) 
91. Melliodorae (1) 



Figure 8.1 Historical perceptions or the phylogenetic relationsbip between E. risdonii (R) and 
E. tenuiramis (T). (a) E. risdonii is ancestral to E . tenuiramis. (b) E. tenuiramis arose 
from E. risdonii by introgression from another species (H), (c) E. risdonii arose from 
E. tenuiramis by neoteny, and (d) E. risdonii and E. tem,(iramis are polyphyletic groups 
(GH = Government Hills, ES = Eastern shore, C = Central, Ex = Extreme, EC = East 
coast). 
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I 
•••••• j 

! , 

I 
(a) (b) (e) (d) 

Figure 8.2 Direction orbeterocbrony in tbe E. risdonii Itenuiramis complex. The Government 
Hills (GH)populations are the most paedomorphic and the Eastem shore (ES) 
populations show a pattern of clinal variation in the retention of the juvenile leaf form, 
Ca) depicts the most adult ES form as the ancestral type with the remainder of the ES 
populations subject to varying degrees of neoteny, reaching its maximum expression in 
the GH Conn, whereas (b) represents GH as the ancestral form, derived by neoteny, and 
the ES populations subject to varying selective pressures to reverse the paedomorphy, 
10 regain the adult leaf type. 

(a) (b) 

Time GH ES GH ES 

Neoteny .k .. • .. Neoteny - •. " Acceleration 

Neoteny 

Paedomorphocline Peramorphocline 



Figure 83 An indication of the point of divergence by paedomorphy in the phylogeny of different 
groups of eucalypts. Taxa that are reproductively mature while still in in the juvenile leaf 
type (paedomorphic species) are Bold, whereas closely relatednon-paedomorphic species 
are Plain. The phylogenetic distance between taxa is based on Pryor and Johnson's (1971) 
hierarchical code system and is, therefore, only a crude representation of the evolutionary 
relationship between taxa. 
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Glossary 

Glossary 

(definitions are drawn from a variety of sources, including Endler (1977), Gould (1977), Toolill 

(1984), Dawkins (1986), Ridley (1986), and McNamara (1988)) 
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acceleration - of the rate of morphological development in the ontogeny of the descendant species 

by comparison with the ancestor, so that an organ or the whole morphology of the organism 

comes to resemble the adult form earlier in the ontogeny of the descendant, 

allometry - the alteration of growth rate between one organ and the rest of the organism, 

allopatric - occupying different geographic territory, if. sympatric, 

apomorphic - in discussions of phylogeny or cladistics, a derived or advanced character state, 

cladistics - the derivation of evolutionary trees that reflect true phylogenetic relationships, cj. 

phenetics, 

cline - a geographic gradient in a measurable character, or a gradient in gene, genotype, or phenotype 

frequency, 

conjunction - connection of two or more subspecies, incipient species, or species, to each other 

along narrow bands or separation by steep clines, 

development - differentiation and increase in 'complexity of organization, 

developmental amplification - the alteration in rate and timing of the three processes growth, 

development,and maturation, with respect to each other, 

disjunction - part of the geographic range of a species is separate (allopatric) from the rest of the 

species, 

Dollo's law - states that 'evolution is irreversible'. Dawkins (1986) suggests that there is no reason 

why general trends in evolution should not be reversed, and that this is really a statement 

about the statistical improbability of following the same evolutionary trajectory twice, in 

either direction, 

ecotone - a sudden spatial change in the environment, 

genotype - the genetic constitution of an organism as opposed to its physical appearance (cj. 

phenotype) , 

gradation - a gentle gradient in many characters between two subspecies, incipient species, or 

species. Usually applies to subspecies clines, 

growth - increase in size, 

helicomorph - used by Diels (1906) as general term for a set of organs that are associated with a 

level of development i.e. the juvenile leaf condition, 

heteroblastic development - in its widest sense, a progressive change in the form and size of 

successive organs during ontogeny, but here it refers to plants with a relatively abrupt change 

between markedly different juvenile and adult morphology, 

heterochrony - changes in the timing of developmental events during ontogeny between ancestral 

and descendent populations (or species), 

homoblasty - the retention of similar form and size of successive organs during ontogeny, cj. 

heteroblasty, 

hypermorphosis - the extension of the juvenile growth period so that the adults of the descendant 

species differ in morphology from the ancestral adults, 



Glass:ll'Y 

iutcrg"HIation • ch:ll':lcter grailients betwcen groups of populations. Often refers to two or more 
clines for different ch=lcrs in Ule same organism, nnd going in Ule same geographic 

Wrcction. 
introgrcssion • synonymous wilh introgressive hybridization, the incorporation of genes from 

:moUI~r species into the gene pool lhrough hybridization and subscquent backcrossing, 

K· carrying c:lp:lcity. cf. r·selection. 
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maturation· the cessation of development and somatic growth and lhe onset of reproductive growlh, 
monopbyl~tic • describing laxa arising from a single ancestor, in cladistics only taxa lhat include all 

the descendents of a common ancestor are considered monophyletic, 

monotypic • having only one subspecies or form, cf. polytypic, 
morpbogenesis • developmenl:ll changes that give rise to the adult form from the zygote, 

neoteny (Kollmann 1885 • "retention of young feabJres") - paooomorphosis produced by a retardation 

of somatic development. The retention of milk teelh in an adult man is an example of partial 
neoteny, cf. progenesis, 

null point- lhe position at which net genic selection changes over from favouring the one allele to 

favouring lhe other, 

ontogeny - :ill the changes lhat occur during the life history of an organism, 
ordination - methods that arrange samples (or species) in relation to a multidimensional series, 
parapatric - two or more subspecies, incipient species. or species. are in contact over a very narrow 

zone, 
parapbyletic - taxa that contain some but not alIlhe descendants of a common ancestor. 

paedomorpbocline (McNamara 1982) - a pattern of continuous variation between populations in 

lhe retention of the juvenile morphology of the ancestor. 

paedomorpbosis (Garstang 1922 - "shaped like a child") - the retention of ancestral features by later 

ontogenetic stages of descendant species or populations. cf peramorphosis. 

paedomorpby - see above. 

peramorpbosis - the opposite of paedomorphosis. in which the adult characters of lhe ancestral 

species appear in the descendant, cf. paooomorphosis. 

peripatric - two species occupy adjacent geographic territory, but there is some exchange of genes 

across the boundary, 

pbase cbange - the transition from the juvenile to the adult phase. It may refer to the transition 
from the vegetative growth to reproductive maturity, or to morphologies associated with that 

transition. but I use the term to describe the abrupt transition between the juvenile and the 

adult leaf types, irrespective of reproductive maturity, 

pbenelics - the derivation of relationships on the basis of similarities in phenotypes. rather than 
attaching weight to various characters to derive a phylogenetic relationship. cf cladistics, 

pbenotype - lhe expressed characteristics of an organism. resulting from the interaction of lhe 

environment and the genotype, cf. genotype. 

pbyletic evolution - one species is transformed into another during descent within the same 

lineage. 

pbylogeny - evolutionary relationship between two taxa. this relationship assumes a common 
ancestral form which has undergone divergence. 

plesiomorpbic - older, more primitive state or character. cf apomorphic, 

polytypic species - a species displaying geographic variation such that it is composed of 

identifiable subordinate groups or races. cf sympatric. 
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polypbyletic - describing taxa derived from two or more ancestral lines, such that the characters used 

to group the taxa together have arisen independently as a result of convergent evolution, 

population - any group of organisms of a single species, 

predisplacement - the earlier onset of growth of a structure (or organ) such that it becomes larger 

and mmphologically more advanced than in the ancestral adult, 

primary intergradation - intergradation between two geographic forms that have always been in 

contact, as opposed to secondaryintrogression in which the two forms have diverged in 

isolation but have re-established genetic contact, cf. secondary intergradation, 

progenesis (Giard 1887- "generation before[the ancestral time]") - paedomorphosis produced by an 

acceleration of maturation. The appearance of signs of puberty and functioning of genital 

organs in children is a well known case of pro genesis in humans, 

proventitious - shoots arising from previously suppressed axillary buds, these shoots may undergo 

an abbreviated "recapitulation of ontogeny" in a rapid change from juvenile to adult leaf 

types, 

r - the intrinsic rate of natural increase, cf K-selection, 

range - the geographic distribution of a species, 

secondary intergradation - intergradation between two geographic forms that at one time diverged 

in isolation, 

semispecies - allopatric "borderline" species, 

sibling species - species with exceedingly similar morphology but reproductively isolated, 

step - a local steepening within a cline, 

stepped cline - a cline with a very rapid change in gene frequency separating two regions with a 

relatively small change of gene frequency with distance, 

superspecies - an informal level in the taxonomic hierarchy, used by Pryor and Johnston (1971) to 

denote a close phylogenetic relationship between two or more species, ie. E. tenuiramis and 

E. risdonii were placed in the Superspecies Risdonii, 

sympatric - occupying the same geographic territory, cJ. allopatric, 

symplesiomorpbic - two species that share the primitive condition, 

synapomorpbic - two species that share the derived state, 

valence - or ecological amplitude, the range of environmenial values that a given species of genotype 

can tolerate. 

von Baer's law - states that 'the general features of a large group of animals appear earlier in the 

embryo than the special features'. A corollary of the law is that the members of a group 

should resemble each other more closely at earlier developmental stages than as adults. 
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APPENDIX! 

Variation in the expression of leaf glaucousness as a 
sun/shade If'esponse in Eucalyptus risdonii Hook.f. 

Abstract 

When E. risdonii seedlings were grown under shaded conditions (20 % 0 f full light ), 
the expression of the epicuticular leaf wax responsible for this species' characteristic 

glaucous appearance did not develop. These findings are in contrast to studies of other 
eucalypt species. These fmdings suggest that each leaf acts as an independent unit in 
terms of its sun/shade adaptation. This relative autonomy was also noted in anatomical 
differences between sun and shade leaves, with differences in the development of the 

palisade parenchyma and spongy mesophylliayers but a relative constancy of the 
epidermal cell layer. In contrast, a notable difference exists in the development of the 
cuticular layer between the sun and shade leaves, which suggests that there is a close 

relationship between the development of the cuticle and epicuticular waxes. 

Introduction 

The development of epicuticular leaf wax which gives the striking glaucous appearance 

to the leaves and stems of many species of Eucalyptus is an important taxonomic 

character (Barber and Jackson 1957; Thomas and Barber 1974a; Potts and Reid 
1985a; etc.). The plasticity of this character, especially in response to differing levels 

of light intensity, however, appears to differ between species. Baker (1982, and 

references therein) suggests that the development of the leaf waxes in a wide range of 
dicotyledons (Pisum sativum, Trifolium repens, Triticum vulgare, Brassica napus, 
and Eucalyptus spp.) can be modified by the light environment. However, in these 

examples, the reduction of light intensity merely led to a q uantative change in wax 

deposition or, at most, a simplification of the wax structure, as in E. cypel/ocarpa 
(Hallam 1970), and then only at very low light levels (1-2.5% full light). Similarly, 

Cameron (1970b) found that seedlings of E.fastigata and E. bicostata raised under 
shade frames displayed no differences in reflectance or transmission, indicating no 

changes in wax deposition. 

Barber (1955), however, observed that seedlings of E. risdonii grown in a heated 

glasshouse were less glaucous than those experiencing mild frost outside. He also 

noted that waxy glaucousness in many eucalypt species is unstable and tended to fade 

in the hot summer sun. These suggestions that the development, or persistence, of 
glaucousness is inversely related to temperature have been countered in other species 

such as Brassica oleracea (Whitecross 1963), B. nappus (Armstrong 1969) and in 

E.paucijlora (Green 1969), but supported by a study of E. viminalis (Banks and 
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Whitecross 1971). An alternative explanation to Barber's hypothesis is that, rather 
than difference in temperature, the deposi tion of epicuticular wax is dependent on the 

level of light available to the seedling. 

Environmentally-induced responses to different light intensities in characters other than 

glaucousness occur to a greater or lesser extent in all sun plants (Bjorkman 1981). 

Leaves expanded under high light intensities (sun leaves) have a photosynthetic 

response characterized by high light-saturated rate, high compensation irradiance, and 

a high saturation irradiance (Givnish 1988). Conversely, leaves expanded under low 

light intensities (shade leaves) show a response similar to shade plants (low light

saturated rate, and low compensation and saturation irradiances). This is associated 
with differences in chlorophyll content and leaf anatomy. Generally, sun leaves have a 

stronger development of the palisade and spongy mesophyll and shade leaves have 

more chlorophyll per unit weight or unit volume of leaf and proportionately more 
chlorophyll b than a (Boardman 1977 and references therein). 

Given this general physiological and morphological plasticity to differences in light 

intensity, this study re-examines the development of epicuticular leaf wax on leaves 

from different parts of the same E. risdonii plants growing under sun and shade 
conditions, and compares their anatomy and chlorophyll content. 

Materials and methods 

The E. risdonii plants used in this experiment were grown from open-pollinated seed 
collected from several mothers in the Government Hills (GHH1) population. The 

plants were grown in plastic pots filled with potting mixture under a natural light 
regime in the glasshouse area of the Department of Plant Science, University of 

Tasmania. Seedlings were watered daily and nutriented with an Aquasol solution 

weekly. At approximately two years of age and 1.5 m in height, 10 plants were 

transferred to a small glasshouse and half of the crown of each plant was covered with 
a number of thicknesses of shade cloth which reduced the incident light to 20 % of full 

light at noon on a sunny day, as measured with a photometer. This figure may have 

varied slightly with differing solar angles and cloud conditions. 

The shoot tips were tagged to identify the leaves expanded under the experimental 
conditions. After six months, the third most recent, fully-expanded leaf was harvested 

from each shoot. Leaf area was measured for 12 sun and 12 shade leaves from each 

plant, using a leaf planimeter. To investigate leaf anatomy, samples of about 5 by 20 

rom were taken from approximately midway between the midrib and the edge of the 

lamina from a sun and a shade leaf from four of the plants. Thin sections were cut 

from the fresh material and measurements of each tissue layer were taken from six 

sections from each leaf, using a light microscope. 
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Reflectance from the abaxial surface ofleaves, with the wax layer intact and with the 
wax removed with cotton wool (Hallam 1970; Cameron 1970b), was measured from 
a sun and a shade leaf from each of the 10 E. risdonii plants, using a PYE Unicam 
SP8-100 spectrophotometer, over a spectrum of 380-900 nm. 

Epicuticular waxes on the leaf surfaces were examined under an electron microscope, 
using fresh material sputter-coated with gold (see Mihaich 1989). 

Chlorophyll detemination 

The amount of chlorophyll a, chlorophyll b and total chlorophyll was examined using 
spectrophotometric examination of acetone/water leaf extracts from leaf discs punched 
from the third most recent fully-expanded leaf from a branch growing under full light 

and one growing under shade in each of the 10 plants. The method used followed that 
of Vernon (1960), as suggested by Strain et al. (1971). This involved slicing each 
fresh leaf disc (6.25 mm in diameter, and previously weighed) into 12 fragments, 
transferring the fragments to chilled test tubes with 5 m1 of chilled acetone (80%), 

sealing the test tubes and storing them at 4°C for 24 hours, or an additional 12 hours, 
until extraction was complete (no colour left in the leaf material). Each acetone

chlorophyll solution was then measured at 665 nm and 649 nm in a Perkin-Elmer 124 
Double-beam Spectrophotometer, and the chlorophyll content was calculated using: 

Results 

Glaucousness 

ChI. a (Ilm/ml) = 11.63 (A665) - 2.39 (A649) 

ChI. b CIlm/ml) = 20.11 (A649) - 5.18 (A665) 

ChI. total (Ilm/ml) = 6.45 (A665) + 17.72 (A649). 

The blue-white bloom that characterizes the foliage of E. risdonii under full light 

conditions is due to the dense covering of simple, acute-branching tube wax (Fig. 

1a,b) described by Hallam and Chambers (1970). This leaf wax is not formed on 
leaves on the same plant expanded underlow light intensity (20% offulllight). 

However, erect and digitate plate wax (not previously described for E. risdoniz) is 
formed under these shaded conditions (Fig. 1c,d). It appears that this is also present 
on the leaves expanded under full light but that it is overlain and obscured by the tube 

wax. This plate wax does not contribute to the glaucous appearance of the leaf. 
Consequently, E. risdonii leaves expanded under shaded conditions are dark green 
(26 F4 in the 'Methuen Handbook of Colour', Kornerup 1963) whereas leaves from 

the same plant expanded under full light are blue-green (25 D3, 25 E3, or 26 E3) (Fig. 
2). 
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Both wax types can be removed, or at least de-structured to a flat, even cover (Fig. 3 
a,b) by gently rubbing the leaf surface. The removal of the tube wax from the light

grown leaves reduces the reflectance over the visible spectrum to that of the shade
grown leaves (Fig. 4). 

Leaf anatomy 

When expanded under shaded conditions (20% of full sunlight) the leaves of E. 
risdonii plants were thinner than leaves from the same plant expanded under full light 

(Table 1). The same tissue layers were evident in both types of leaves but the response 

of the layers differed (Table 2). The palisade layers and the spongy mesophyll were 

more elongated in the sun leaves, in proportion to the total leaf thickness of the sun and 

shade leaves. The cell height of the epidermal layers, however, did not differ as 

markedly between the two types of leaves. In absolute terms, there was no significant 

difference between the sun and shade adaxial epidermis, and only a small difference in 

the abaxial epidermis. Conversely, the difference in the cuticle thicknesses of the sun 

and shade leaves was disproportionately large when compared with the overall 

difference in leaf thickness. In the shade leave, the cuticle was even more poorly 

developed than the cell layers. 

Chlorophyll content 

Whether expressed as milligrams of chlorophyll per unit leaf fresh weight or per unit 

leaf area, the leaves expanded under shaded conditions had greater amounts of 

chlorophyll (a, b and total) than leaves from the same plants expanded under full 

sunlight (Tables 3 and 4). The greater lamina thickness of the sun leaves is reflected in 

the difference in leaf weight per unit area (Table 4). This difference in leaf weight per 

unit area, of course, leads to the greater difference between the chlorophyll contents 

when expressed as chlorophyll per weight of leaf rather than area. The ratio of 

chlorophyll a to chlorophyll b is significantly different between the two types of 

leaves (Table 3), but this difference appears to be small when compared to the gross 

differences between absolute quantities of the chlorophyll types. 

Discussion 

Glaucousness 

When raised in a glasshouse under high temperature conditions (frequently c. 30°C, 

during the day), E. risdonii seedlings expanded leaves that were fully glaucous, 

contrary to Barber's (1955) suggestion that glaucousness is either not developed, or 

not maintained, in this species when grown under wann, glasshouse conditions. 
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However, the tube wax responsible for this glaucous appearance, and increased light 
reflectance, was not developed when the expanding leaves (on the same plant at the 

same time) were shaded. These fmdings are in contrast to those of Cameron (1970b), 

who found no significant difference in the reflectance of E. bicostata andE.fastigata 
leaves that had been grown under differing light intensities. 

Furthermore, the decrease in light level necessary to almost totally inhibit the 
production of the tube wax was far less than that reported for other eucalypt species 

(20 % of full sunlight rather than the 2.5% reported by Hallam (1970)). The minimum 

level of light necessary to affect the production of the epicuticular wax was not 
determined, but if the full expression of glaucousness is to be attained in progeny trials 

of this species, and presumably other glaucous eucalypt species, the seedlings should 

be grown under conditions as close to full light, and with as little shading between 
individuals, as possible. This calls into question the validity of glaucousness scores 

obtained from progeny trials grown under supplementary light levels, especially during 

the winter months at higher latitudes, or in shaded glasshouses. 

Leaf anatomy 

The marked difference in glaucousness between leaves from the same plant but 
expanded under full sunlight and shade, suggests that each leaf acts as an independent 

unit in terms of its sun/shade adaptation. This relative autonomy was also noted in 
anatomical differences between sun and shade leaves. The differences in the 

development of the palisade parenchyma and spongy mesophylliayers observed in the 

sun and shade leaves of E. risdonii are similar to the sun/shade dimorphism noted in 
other eucalypts (Cameron 1970a) and in Helianthus (Dengler 1980). Similarly, the 

relative constancy of the epidermal cell layer is similar to the response in Helianthus. 
However, a notable difference between the sun and shade leaves in the development of 

the cuticular layer was not noted in either of the above studies. Undoubtedly, there is a 

close relationship between the cuticle and epicuticular waxes, with the waxes being 

transported through the cuticle to be deposited on the leaf surface by some mechanism 
(Hallam 1970). It is interesting to note, therefore, that the decrease in the development 

of the epicuticular waxes was matched by a decrease in the thickness of the cuticle and 
begs the question, "is this association due to cause or effect ?" 

Chlorophyll content 

The higher chlorophyll content of the shade leaves of E. risdonii is clearly contrary to 
the behaviour of most sun plants. Bjorkman (1981) generalized that for a given sun 

plant, chlorophyll content per leaf area tends to remain relatively constant over a wide 

range of growth light levels but severe shading may cause significant decrease in 
chlorophyll content in some sun plants. Whereas, obligate shade plants grown under 

deep shade often have at least as high chlorophyll content as do sun plants grown at 
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high light levels. 

In tenns of both decrease in glaucousness and chlorophyll content, these results 

indicate that E. risdonii leaves show a greater plasticity of response to shading than 

that expected in a plant that grows under conditions of such high insolation loads 

(Kirkpatrick and Nunez 1980). It is tempting to relate this apparently facultative 

response to the incongruence of the fonn and the persistence of the juvenile habit in 

this taxon. The paedomorphic retention of the juvenile leaf fonn, with its sessile, 
opposite and decussate, dorsiventral foliage more typical of the shade-bearing phase of 

other Eucalyptus species (ie. Cameron 1970), occurs in the most extreme parts of the 

range of E. risdoniiltenuiramis complex in tenns of insolation loads and soil water 
availability, an environment that has greater resemblance to semi-arid mainland habitat 

than the surrounding cool, temperate environment (Kirkpatrick and Nunez 1980). The 

main effect of the observed decreased chlorophyll content and a reflective coating on 
the leaf surface of the sun leaves would be to increase the incident light level required 

to reach light saturation (Bjorkman 1981), but is this a cause or an effect? Does the 

canopy architecture associated with the juvenile leaf habit confer some advantage in 
r' 

tennsJwater conservation, and the highly reflective epicuticular and cuticular wax 

layers serve to minimize the concomitant insolation loads? Or is the converse true, and 
the retention of the juvenile canopy architecture is a means of maximizing the relatively 
low levels of light transmitted through the thick wax layers that serve to conserve 

water? 

• 
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Appendix 1 Variation in the expression of glaucousness as a 
sun/shade reponse in Eucalyptus risdonii 
Hook.f. 



Table 1 Mean tbickness (J.Lm) or eacb tissue layer in E. risdonii leaves exposed 
to rull Iigbt compared witb leaves expanded under sbaded conditions 
(20% sunligbt). F ratios were derived by a 2 factor ANOV A to remove the variance 
attributable to the different plants. 

Tissue I.illbl Sball~ Fl,40 P value 

layer Mean ±se Mean ±se 

Cuticle (adaxial) 11.6 0.39 5.9 0.36 140.2 0.0001*** 
Epidermis (adaxial) 17.3 0.56 17.4 0.38 0.0 0.8828 
Palisade I (adaxial) 58.8 1.58 39.3 0.95 262.9 0.0001*** 
Palisad e II (adaxial) 43.2 1.36 28.9 0.74 196.7 0.0001*** 
Spongy mesophyll 73.2 2.63 51.7 2.36 44.8 0.0001*** 
Palisade II (abaxjal) 34.3 1.16 24.0 0.60 79.9 0.0001*** 
Palisade I (abaxial) 41.8 1.83 26.7 0.87 132.6 0.0001*** 
Epidermis (abaxial) 17.0 0.48 15.7 0.28 7.8 0.0079** 
Cuticle (abaxial) 11.6 0.56 5.2 0.30 170.7 0.0001*** 

Total 308.6 5.86 214.7 2.50 429.8 0.0001*** 

Table 2 Proportion or tbe total tbickness (%) or eacb tissue layer in E. risdonii leaves 
exposed to rull Iigbt compared witb leaves expanded under sbaded conditions 
(20% sunligbt). F ratios were derived by a 2 factor ANOVA to remove the variance 
attributable to the different plants. 

Tissue I.il:bt Sball~ F 140 P value 

layer Mean ±se Mean ±se 

Cuticle (adaxial) 3.8 0.12 2.5 0.16 43.3 0.0001*** 
Epidermis (adaxial) 5.7 0.23 8.0 0.17 72.8 0.0001*'* 
Palisade I (adaxial) 19.1 0.47 18.4 0.45 2.4 0.1273 
Palisade II (adaxial) 14.0 0.32 13.5 0.30 2.2 0.1443 
Spongy mesophyll 23.7 0.68 24.0 0.97 0.2 0.6840 
Palisade II (abaxial) 11.1 0.28 11.1 0.31 0.0 0.9999 
Palisade I (ablOOal) 13.3 0.41 12.4 0.45 5.0 0.0306* 
Epidermis (abaxial) 5.6 0.20 7.3 0.14 58.8 0.0001*** 
Cuticle (abaxial) 3.8 0.16 2.2 0.15 58.2 0.0001*** 



Table 3 Cbloropbyll content (mg/g or leaO or leaves expanded under rull light 
compared witb leaves expanded under sbade (20 % rull ligbt). 

Lh::bt Sl!adt~ I" P value 

Mean ±se Mean ±se (2-tail) 

Chlorophyll a 1.03 0.044 2.53 0.095 14.305 0.0001*** 
Chlorophyll b 0.36 0.009 1.08 0.045 15.682 0.0001*** 
Chlorophyll total 1.39 0.051 3.61 0.113 17 .856 0.0001*** 
Chi. alb ratio 2.87 0.086 2.39 0.115 3.3 79 0,0033** 

Table 4 Chloropbyll content (mg/m2 or leaO or leaves expanded under rull light 
compared witb leaves expanded under sbade (20 % rull light). 

l~il:b1 Shade I" P value 

Mean ±se Mean ±se (2-tail) 

Chlorophyll a 53.8 4.34 78.3 3.22 4.52 0.0003*** 
Chlorophyll b 18.5 1.07 33.3 1.64 7.53 0.0001 *** 
Chlorophyll total 72.4 5.38 111.6 3.91 5.89 0.0001 *** 
Fresh leaf 257.5 10.33 157.19.86 7.03 0.0001 *** 
weight (glm2) 



Figure 1 Scanning electron micrograph of the wax morphology on E. risdonii 
leaves expanded under: 

full light (a) x 1250, and under shade 
(c) x 5000, 

(b) x 1250, 
(d) x 5000. 

Figure 3 Scanning electron micrograph of E. risdonii leaves (x 1250 ) expanded 
under (a) full light and (b) shade (20% of full light) with the wax 
removed. 





F i gure 2 E. risdonii leaves expanded under (a) full light and (b) under 
shade (20\ of full light) . 



Figure 4 Reflectance of E. risdonii leaves expanded under fullligbt and sbade (20% sunlight) 
and witb tbe wax removed from eacb. Standard error bars (n = 10) are given where . 
differences are significant. 
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Figure 5 Mean tbickness (Ilm) of eacb tissue layer in E. risdonii leaves exposed to full ligbt 
compared witb leaves expanded under sbaded conditions (20% sunligbt). 
95 % confidence limits are given. ' 
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APPENDIX 2 

Conservation status of a rare Tasmanian endemic, 
Eucalyptus risdonii Hook.f. 

13~ 

(This work was completed in 1988 as part of a report to World Wildlife Fund 
Australia. This was prior to the examination of the variation in E. tenuiramis and, in 
the light of which, should be regarded as a study of part of the variation in the E. 
risdonii/tenuinimis complex, rather than as a distinct entity). 

Chapter 1 Introduction 

Pryor and Johnson (1971) placed Eucalyptus risdonii Hook.f. in the informal series, 

Piperitae and, with E. tenuiramis Miq., in the superspecies Risdonii. There is 
considerable similarity between the two species but in its natural habitat E. risdonii is 
a smaller tree (sometimes a mallee), with persistent juvenile foliage and is, generally, 

reproductively mature while still retaining this highly glaucous, connate juvenile 
foliage. This neotenous (or paedomorphic) condition may be an evolutionary response 

to the particular environmental conditions imposed by its restricted and specific habitat 

The combination of small tree size; highly glaucous, connate Goined) leaves; prolific 
flowering; and attractive smooth grey-white bark, make this species a popular 

ornamental. 

Both E. risdonii and the closely-related E. tenuiramis are endemic to Tasmania. 
Eucalyptus tenuiramis is widespread and abundant on the hills and lowlands of south
eastern Tasmania, although normally confined to mudstone-derived soils. Eucalyptus 
risdonii occupies only a fraction of that range and is, consequently, of localized 
distribution and is considered to be a rare and endangered species (Pryor 1981). 

This area has a long and continuous history of disturbance by man. Large middens 
(piles of shells) are to be found in the Government Hills area, suggesting occupation 
by Aboriginals for thousands of years. It is likely that fire was a tool, regularly-used 

to maintain open grasslands and to encourage flushes of growth and, thereby, 

increasing the numbers of game. 

Risdon Cove was the site of the first European settlement in Tasmania. Since that 
time, the area has been subjected to frequent burning by shepherds, subsequent 
grazing, and continuing firewood collection and, latterly, illegal dumping of domestic 
rubbish. 

At present, most populations remain subject to severe and repeated disturbance. The 
vegetation is highly flammable during the summer months and the litter load is 
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nonnally plentiful. Firing is frequent, and is related to the proximity to suburban 
housing. In the more residential areas, the average period between fIres is less than 5 
years. In effect, there appears to be little difference in the management of "reserved" 

populations and private property. Private property may be burnt by illegally lit fires or 
through accidental escapes, whereas crown land is burnt regularly for hazard 

reduction. This fIre frequency generally reflects the policy and practice of the State 
Fire Service. A further part of that policy dictates that fIre trails allow access to 
virtually all of the stands and, with the clearings for power pylons, extensively dissect 

most populations, presenting a lattice-like appearance from the air. 

Despite this history of abuse or, perhaps, because of it, a large proportion of the E. 

risdonii populations are still extant. In the past, the natural flora of the area has been 

protected from clearing for intensive agriculture and other land use by the poverty of 
the soils and the relatively steep terrain. The low value of the land enabled the State 
Government's regional planning authority to acquire much of the Meehan Ranges 

encircling Hobart's Eastern Shore suburbs. The major objective in creating the 
resulting Meehan Ranges State Recreation Areas was the preservation of the scenic 

value of the hills, rather than the preservation of E. risdonii, nonetheless, these areas 

now contain nearly halfof the E. risdonii. 

It is only in the last few years that suburban expansion has threatened the remaining 

E. risdonii. The deliberate policy of government instrumentalities has been to foster 
growth on the Eastern shore of the Derwent River. The construction of the second 

bridge across the river (the Bowen Bridge), the development of roads and facilities, 
and the establishment of extensive Housing Commission areas, have encouraged 
private subdivision, especially in the Howrah region. Previously confIned to the shore 

of the river, the developers are inexorably moving higher and higher into the hills 

behind the suburbs of Howrah and Tranmere and are displacing small populations of 

E. risdonii. 

The present survey was undertaken to determine the distribution of E. risdonii, to 

assess the level and distribution of genetic variability within the species, to assess the 

associated flora, and the level of disturbance, in order to determine the adequacy of 

conservation of E. risdonii. 
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Chapter 2 General methods 

2.1 Distribution and sampling sites 

An attempt has been made to locate all stands of E. risdonii, and to describe the 
physical and demographic characteristics of a selection of those populations; including 
the extent and the approximate number of plants within each sampled stand. This was 
facilitated by the species' restricted distribution, but complicated by the intergradation 

of E. risdonii and the closely related, but much more widespread species, E. 
tenuiramis. For the purposes of this study, E. risdonii was defined after Curtis and 

Morris (1975); the crucial discriminant being that the E. risdonii attains reproductive 
maturity in the juvenile condition, whereas E. tenuiramis undergoes phase change to 

its adult foliage before fruiting. 

The E. risdonii populations can be divided into 4 geographical regions: Howrah. 
Meehan Ranges, Government Hills, and Risdon Vale. Four of the largest stands were 
selected to represent the full geographical range from each of these regions, and 
extensive data on morphology, floristic composition and environmental characteristics 

were collected and collated from each. The distribution of E. risdonii is shown in 
Figure 1.1 and the locations of the sampled populations are indicated; further site and 

sample details are given in Table 1.1. The majority of field work was undertaken in 
March-April. 1987. 

2.2 Environmental and stand characteristics 

At each of the selected sampling sites, the environmental and stand characteristics 

indicated in Table 2.1 were recorded from the central region of each stand. In 
addition, the degree of disturbance of each stand was assessed in tenus of fire (fire 
scars, estimated time since last fire), human (e.g. selective logging, clearing, tracks) 
and other disturbance (stock or insect damage, introduced weeds). The period of time 

since the last fire was obtained from records maintained by the Tasmanian Fire Service 

and the Clarence Municipal Council. 

The aspect of each sampling site was measured using a compass, whereas the fult 
range of aspects of each population was obtained from Lands Department Orthophoto 
maps (1:10 000). The altitude of each sampling site and the range of altitude of each 
population were also obtained from these contoured maps. The E. risdonii 
populations are clearly distinguishable from other forest types, with the exception of 
E. tenuiramis regrowth, presumably because of the combination of low, mallee habit, 

glaucous foliage, and sparse understorey. The slope was also obtained from these 
maps, by dividing the altitude range into the horizontal distance covered by each 

population. This proportion was then transfonned into degrees. 
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Demographic attributes of the stand, including the presence of germinants and 

seedlings, the reproductive (abundance of capsules and flowers) and vegetative vigour, 

and the pattern of distribution of E. risdonii within the local geographical area were 

noted. Estimates of the population size were approximated by subsampling and 

extrapolating to the estimated area covered by the population. It should be noted that 

these estimations are inflated, because those areas within a population containing few 

E. risdonii trees were excluded from sampling to a void compromising the floristic 
survey. 

2.3 Floristics 

Sample points were subjectively chosen from the bottom, centre, and top of the main 

slope of four of the largest E. risdonii populations within the four major regions. At 

each point, a 10 x 10 m quadrat was established, and all woody species, herbs, 

grasses and large sedges (Gahnia, Lepidosperma, Dianella, Lomandra, and 

Diplarrena) were given a cover-abundance-sociability rating (Braun-Blanquet 1928). 

Nomenclature follows Curtis & Morris (1975) and Willis (1970). 

The collection of the quadrat data took place in March-April, 1987. Thus, many 

annuals were missed, and some Grarnineae species were only consistently identifiable 

to the generic level. The percentage cover of bracken (Pteridium esculentum), other 

ferns, grass, other graminoids, moss, litter, rock and bare ground were also estimated. 

2.4 Sampling o/individuals 

An attempt was made to randomly sample 10 mature individuals from the vicinity of 

each quadrat, avoiding adjacent individuals. Putative hybrids were found in many of 

populations, but following Potts and Reid (1985a), obvious F 1 types or those more 

similar to other species were excluded from the population sample if randomly 

encountered. 

In addition, sun leaves and capsules were sampled from several areas of the crown of 

each individual for measurement and seed collected. Eucalyptus risdonii is generally 

homoblastic; the petiolate and lanceolate 'adult' leaf type is only rarely produced. 

Accordingly, for consistent comparison between phenotypes, 3 typical leaves of the 

'juvenile' type (connate) were chosen from an area of maximal summer growth on 

capsule bearing branches. 

2.5 Morphology 

Variation in phenotype amongst populations of E. risdonii was examined using the 
morphometric characters indicated in Table 2.3 and illustrated in Fig. 2.1. These leaf 
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and capsule characters correspond to those used by Wiltshire and Reid (1987) to 
examine variation in another Tasmanian eucalypt, and details of their measurement are 

given therein. It should be stressed that the "Base" measurement was the distance over 
which the bases of the connate leaves were fused. 

2.6 Statistical analysis 

2.6.1 Morphometric data 

Sampling of the E. risMnii populations was designed to extract the maximum amount 
of information about the variation in morphology of E. risdonii, with particular 
emphasis on determining the patfern and scale of phenotypic variability within the 

species. There is no one "correct" way to assess the variability patterns within natural 

stands, but time and experience have shown that employment of a Nested Sampling 
Procedure (or Hierarchical Sampling Method) is very good (Zobel & Talbert 1984). 

The hierarchical sampling method consists of determining variability within a species 

among varying groupings from large ones through ever smaller ones to individuals and 

within individuals. In this study, the morphometric data was collected in a hierarchical 

manner with the various levels comprised of: 
1. Regions, 

2. Populations within regions, 

3. Sites within populations, 
4. Trees within sites, and 

5. Within Trees. 
The sampling design approximates a pure Model II (Sokal and Rohlf 1981), although 
in a geographical sense, sampling of 'populations within regions' and 'sites within 

populations' was not random. There are only 4 regions and, for a more complete 

picture of the pattern of variability, all were sampled. Similarly, in terms of the pattern 

of variability, it was preferable to sample across the full extent of each region, rather 

than in one area, and to sample from a range of sites (bottom, centre, and top) within 

each population. Clearly, the proportion of the variance attributable to the "sites within 

populations" and "populations within regions" may be inflated. 

Univariate F-tests were used to determine which variables were discriminating between 

groups at each level. Due to intercorrelations, these variables are not independent 

estimates. In an attempt to overcome this, the data set was converted to unique, 
un correlated components using Principal Components Analysis (PCA). The 
distribution of variation for principal components was examined. The PCs were 

calculated separately for leaf and capsule character sets, using the correlation matrix. 

Hierarchical Analysis of Variance (often called Nested Analysis of Variance) is 
frequently used in thefield of quantitative genetics (Sokal and Rohlf 1981), where the 
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distribution 0 f the variance within the differing levels is important Thus, hierarchical 

analyses of variance were performed on the full morphological data set of both the 
untransformed morphological character set (the 4 leaf characters and 7 capsule 

characters) and on the 11 variates (4 leaf PCs and 7 capsule PCs) formed by the PCA. 

The hierarchical analysis was completed by estimating the variance components, and 
the overall variation was divided into percentages attributable to each level. The data is 

non-orthogonal at the tree level, and so the variance components at each level in the 

hierarchy were estimated using Gower's (1962) algorithm. 

In order to examine the relationships between groups at the population level, 

multivariate comparisons were conducted u~ing Discriminant Analysis (Canonical 
Variates Analysis; CVA) and the groups at each level were classified using Average 

Linkage (average between groups fusion) and Single Linkage clustering (Sneath and 

SokaI1973), based on Mahalanobis' generalized distance. 

In the CV A, step-wise backward elimination of characters was used to identify and 

remove redundant variables (those not contributing unique and significant [partial F 

values greater than 0.05] information to the discrimination of populations). 

Hierarchical analyses of variance and the estimation of variance components were 
performed using the macro HI ERA NOV from GENST A T V (Lawes Agricultural Trust 

1984). Discriminant analyses were performed using the DISCRIMINANT, and 

principal components analyses of correlation matrices were performed using the 
FACTOR subprograms of SPSSx (SPSS Inc. 1986). Cluster analyses and the 

calculation of the Mahalanobis generalized distance from discriminant scores were 

performed using the CLUSTER subprogram of the same package. 

Hierarchical analysis of variance, and the multivariate methods used, assume that 

residuals are normally distributed and that sample variances are homogeneous. While 
moderate departures from these assumptions can be tolerated in univariate (Sokal and 

Rohlf 1981) and discriminant (Lachenbruch 1975; Blackith and Reymant 1970) 

analyses, an attempt was made to optimize these criteria at the univariate level by data 

transformation. 

The Homogeneity of Variance assumption was tested using Cochrans C test and trends 
in the relationship between the sample mean and variance were examined through 

plotting. The normality of the distribution of pooled residuals was tested by measuring 
the skewness (gl) and the kurtosis (g2) of the distribution of pooled residuals and 

examining cumulative normal distribution plots. Following Sokal and Rohlf (1981), 

the significance of the departures of gl and g2 from the normal distribution values of 0 

was tested using a 2-tailed t-test. As the sample size (N) was greater than 100, 

standard errors for these statistics are approximately --J(6/N) and --J(24!N) respectively. 
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Following the transformations indicated in Table 2.2, pooled residuals were nonnally 

distributed and variances homogeneous in all characters used in the analysis of the E. 
risdonii populations (P< 0.01). 

Pooled residuals were calculated using MINIT AB (Ryan et al. 1985) and sample 

statistics were computed using the CONOESCRIPTIVE, and homogeneity of 
variances and distribution plots were obtained using the MANOV A subprograms of 
SPPSx. 

Univariate grand means and the means from each population were obtained from a 
two-way ANOV A of the transformed univariate data between populations and between 
sites within populations. The population and grand means were transfonned back into 

linear scale and 95% confidence limits were calculated in logarithmic scale and then 

retransfomed. 

2.6.2 Floristic analysis 

The floristic relationship of sites was examined on the basis of the compositional 
similarity of their understorey flora. One population, Fishers Hill (GHFH), was 

excluded from the analysis because the understorey flora was consumed by the recent 
fire (January 1987). 

Following Minchin (1986a), stands were ordinated using the non-linear technique of 

non-metric multidimensional scaling (NMOS). This technique was applied to the 

Bray-Curtis dissimilarity matrix calculated from percentage cover scores which were 
standardized so that species have equal maxima. NMOS derives an ordination of the 

sites, in a specified number of dimensions, such that the distances between sites-points 
has the best possible monotonic (rank-order) fit with the input similarities. 

Starting configurations for the initial NMOS analyses were derived from detrended 
correspondence analysis (OCA; Hill and Gauch 1980). Separate NMOS ordinations 
were performed in one to four dimensions, the four dimensional solution giving the 

lowest figure for minimum stress. 

The relationships revealed by the ordinations, were examined in terms of the. species 

discriminating between sites in each dimension. The NMOS scores for the four 
dimensional solution were used to order the sites, and species dominating the extremes 

of each axis were examined to determine common environmental characteristics, to 
indicate the general direction of environmental gradients in the ordination space. 

In addition, the direction of the environmental gradients was examined using overlays 

of the NMOS ordinations, with the labels of the sites replaced by values representing 
the sample variables, i.e. altitude, deviation from north-west, tree height, soil depth, 
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wind exposure, and disturbance. 

Hierarchical analysis of variance_ was performed an the NMDS scores for the four 

dimensional solution. The hierarchical analysis was completed by estimating the 

variance components, and the overall variation was divided into percentages 

attributable to each level: regions, populations within regions, and sites within 

populations. 
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The sampled sites and species were classified using the polythetic divisive method 
TWINSPAN (HiIII979b). As well as producing a two-way table of the species and 

samples. TWINSPAN also constructs a key to the classification by identifying one to 

several especially diagnostic species. 

Data entry and manipulation were perfonned using ECOPAK (Minchin 1986). and 

site-by-species ordered tables were produced using the ORDTAB subprogram. The 

NMDS ordinations were performed using KYST (Kruskal ef al. 1973). 

Chapter 3 Physical ecology and distribution 

The habitats of the sampled E. risdonii populations are quite uniform. The total 

distribution of the species is limited to an area of only 60 km2 , to soils derived from 

Permian mudstone. and to predominantly nonh-westerly aspects. There are no major 

environmental gradients across the range of the species. Ecological differences 

between populations are limited to subtle variations, for example, differences in the 

amount of insolation during certain months of the year due to the shadows cast by 
nearby hills, or to the distance from the moderating influence of the River Derwent or 

from variations in precipitation induced by Mt. Wellington. Therefore, rather than 

examining the variation between the habitats of E. risdonii populations, this chapter 
examines those ecological parameters trnt characterize the E. n'sdonii populations. 

3.1 Distribution 

Natural stands of E. risdonii are to be found on the north-northwest aspects of 

Permian mudstone hills in an area of approximately 60 km2 on the eastern side of the 

River Derwent. The distribution of this species is discontinuous but extends from just 

south of Grasstree Hill in the north. to the Rokeby Hills in the south. and from the 
eastern shore of the Derwent River, almost to Cambridge in the east The distribution 

of the populations is shown in Fig. 3.1 and funher site details are given in Table 3.1. 

The E. risdonii populations can be divided into four geographic regions; from 

Howrah, in the South, through the Meehan Range and Government Hills, to Risdon 
Vale, in the North. These regions are discrete and reflect the distribution of the 

Permian mudstone in the area (Fig. 3.2). 
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3.2 Climate 

The temperatures recorded at the climate recording station at Risdon reflect the 

moderating influence of the Derwent River. The mean monthly daily maxima range 
from a high of 22°C in January, to a mild 12°C in July (Fig. 3.3 a), while the mean 
monthly daily minima range from 4°C in July to 12°C in February (Fig. 3.3 b) (Hobart 

Bureau of Meteorology). Frosts are relatively infrequent events (Fig. 3.3 c) in the 
study area due to the low altitudes, steep slopes, and proximity to the sea. 

The mean annual rainfall at Risdon is 589 mm, which is fairly evenly distributed 
throughout the year in terms of both quantity (see Fig. 3.3 d) and the number of 
raindays (Fig. 3.3 e). 

The sites occupied by E. risdonii are predominantly north-westerly in aspect (see Fig. 

3.5 (a», with profound effect on the microclimate. These slopes are highly exposed to 
the north-westerly winds that predominate over the full year (Fig. 3.4). Furthermore, 
some of the swnmer winds from this direction are hot, desiccating air masses from the 

Australian mainland. 

Kirkpatrick and Nunez (1980) point out that throughout all months of the year, north

facing slopes at Risdon receive more solar radiation than south-facing slopes, and that 

the yearly dryness indices along a transect from south- to north-facing slopes ranges 
from 0.94 to 2.16. The lower reading might be recorded in areas of tall open-forest 

dominated by eucalypts and with an understorey of broad-leaved shrubs and ferns. 
Whereas, they continue, the flat-surface equivalent of a dryness index of 2.16 does not 
occur in Tasmania, but would fall within the semiarid zone of the Australian mainland. 

Therefore, natural stands of E. risdonii appear to be confined to habitats with an 

extreme microclimatic regime. 

3.3 Topography and geology 

3.3.1 Topography 

The study area is dominated by the Meehan Ranges that extend from Brighton to the 
South Arm in parallel to the Derwent River (north-west to the south-east). The higher 

hills are capped with Jurassic dolerite and attain altitudes of up to 448 m. Secondary 

ridges of Permian mudstone (Ferntree Group) extend at right angles to the range and 
comprise the lower systems: Government Hills (up to 187 m), Simmons Hill (304 m), 

Knopwood Hill (214 m), and Rokeby Hills (up to 118 m). Eucalyptus risdonii 

populations were sampled from altitudes of 50 m to 280 m (see Fig 3.5(b» but can 
extend from a few metres above sea level to near 300 m. 

Hogg and Kirkpatrick (1974) state that, on the western shore of the Derwent, there is a 
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decline in mean daily maximum temperature of approximately 3°e per 300 m, a decline 

of mean daily minimum temperatures of approximately 2°e per 300 m, and mean 

annual precipitation rises from about 584 mm at sea level to over 1300 mm above 500 
m altitude. The influence due to altitude is likely to be less in the study area. Not only 
is the altitudinal range small, but the effect of Mt. Wellington is reduced on the eastern 
shore. 

3.3.2 Bedrock and Soils 

In the study area, the soil boundaries are sharp, corresponding with geological 
boundaries. Three main types of bedrock are to be found: Jurassic dolerite, on which 
is formed brown-black, clayey soils that are generally neutral or slightly acid and 

relatively nutrient-rich; Triassic sandstones, that produce soils that are extremely acid, 

sandy and nutrient-poor; and Permian mudstone of the Ferntree group which forms 
acid, nutrient-poor, and often skeletal soils. E. risdonii is found only on the soils 

derived from Permian mudstone (Figs. 3.1 and 3.2). 

In the sampled populations, these soils were generally less than 30 cm deep (Fig. 

3.6(a» and the mean rock cover (rocks with a diameter ~10 cm) was 16.6% (see Fig. 
3.6(b». The soil texture is very fine and the soil appears to be hydrophobic; 
infiltration even after several hours of light rain was minimal at one site. Run-off is, 

therefore, likely to be excessive, and erosion of the thin soil layer is commonplace 

where the popUlations have been dissected by fire trails, and other rough tracks. By 
contrast with these north-westerly slopes, Kirkpatrick and Nunez(1980) indicate that 

on the gentle ridges and southern slopes, the soils are deeper, less acid, finer in texture 

and higher in organic content. 

In most sampled popUlations, the understorey shrub layer and ground cover were open 

and sparse, with a mean rock cover of 16.6% and a mean bare ground cover of 

26.0%. 

3.3.3 Other limiting factors 

Ornamental specimens are certainly not as limited in their range of habitats as the 

natural stands. Fine specimens are common in suburban gardens in Hobart, on 
mudstone soils and on dolerite; on the eastern shore and on the western shore of the 

Derwent; there is even a fine tree growing at 465 m above sea level on Mt. Wellington, 
and I have collected seed from a tree growing in Drysdale, Victoria. The species does 
not appear to be frost-sensitive, will grow in a wide range of water-availability and 

nutrient-availability sites. It is. however, probably susceptible to the heavy insect 
infestations that commonly defoliate eucalypts with juvenile foliage that are grown 
outside their normal range. It would appear, therefore, that the limited distribution of 
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E. risdonii is not a reflection of its narrow ecological range, but of its limited 

competitive ability and historical distribution. 

Chapter 4 Demography 

4.1 Density 

148 

The Government Hills populations and the more exposed Meehan Range populations 
of E. risdonii have a well-developed mallee habit. However, seedling trials, and 

observations of the many specimen trees growing in Hobart suburbs, suggest that this 

habit is a deflection from a tree form, probably induced by stem death after fires. 
Hopkins and Robinson (1981) found that the trees of three woodland Eucalyptus 

species developed into mallees as a result of a single fire. Density was, consequently, 

measured in terms of lignotuber numbers, rather than stems. 

4.2 Population dynamics 

4.2.1 Natality 

In true mallees, fire is a prerequisite for recruitment and, usually, releases a pulse of 

seedling establishment. After ripening, seed will be shed slowly from the aerial seed 

bank held in the canopy, even without fire, but this process is rapidly accelerated by a 

fire event. Fire also temporarily removes the competition of undergrowth and pre
established eucalypts, releases nutrients, and possibly removes pathogens and 

predators (Ashton 1981). Kirkpatrick and Nunez (1980) and Potts and Reid (1986) 
noted little recruitment to a population of E. risdonii except after firing. Following an 

initial burst of germination, there was a high proportion of losses, due to intraspecific 

competition from the more vigorous vegetatively regenerating lignotubers. The 

surviving seedlings were often associated with "safe sites for example dead 

lignotubers. Potts and Reid (1986) suggested that these seedlings form a pool of 
suppressed individuals, only breaking free from that suppression with the death of an 

adult, leading to a one-to-one replacement of individuals in a population presumably at 

carrying capacity. 

In the sampled populations, just over half of the 10 x 10 m quadrats contained an 
average of 4 seedlings each. Some of seedlings represented the remainder of the 

regeneration following fires, many did not. It was not uncommon to find two or even 

three cohorts of seedlings, of differing size and number of nodes expanded. Seedlings 

would, of course, be consumed by any fire, this implies that contrary to the above 

findings, there is a small but continual level of seedling establishment taking place in 
many populations in the absence of fires. Perhaps the continued survival of these 
seedlings is a product of the cooler, slightly wetter summer periods of the last few 
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years, for competition for water must be one of the strongest selective factors limiting 
population increase. The greatest number of seedlings, also exhibiting the greatest 
growth, were found in the most sheltered sites with the the lowest insolation load, the 

northernmost Risdon Vale populations. 

Although not significant (P>0.25), there is a trend for the quadrats from the centres of 

populations to have higher numbers of seedlings (a mean of 4.1) than either the top 

(2.2) or bottom (1.4) quadrats. 

The minimum size of lignotubers in each population, shown in Fig. 4.3 does not 

include the seedlings, rather it represents those plants successfully recruited to the 

population that are capable of vegetatively regenerating after fire. The presence of the 
smaller lignotubers suggests that this recruitment is taking place in nearly all of the 

populations. The absence of the smaller lignotubers from the Natone Hill population 

indicates that no recruitment has occurred in that population for many years. This 
population of E. risdonii is the most freq uently burnt of all and this regime almost 

certainly prevents the establishment of any seedlings. The interval between fires is 

insufficient to permit the development of a lignotuber large enough to protect the 

meristematic tissue from damage. Not only has the fire frequency prevented the 
replacement of the trees that have died, but it has probably led to structural changes. 

The other Government Hllls populations all share the mallee habit, the Natone Hill 

population are all small trees. This may be an effect produced by the unique southerly 

aspect, but it is more likely that the frequent, very low intensity grass fires do not 
cause sufficient damage to the cambial layer beneath the bark to kill the thick stems. 

4.2.2 Mortality 

In the sampled populations, few E. risdonii trees attained great size. In some of the 
less exposed sites, the trees reached 8 to 10 m, but smaller trees were the norm (Fig. 

4.4). This small size is not, however, a reflection of the limited age of the plants. 

Figure 4.5 shows that all populations have trees with lignotubers in excess of 50 cm 
diameter. Given the paucity of the soil, the limited availability of water, and other 

limiting conditions restricting the rate of growth, it is quite possible that these 

lignotubers may be centuries old. 

Mortality, like natality, may be a periodic event in the population, occurring after 

firing. Potts and Reid (1986) have shown that, after one fire event, 97% of the E. 

risdonii lignotubers survived by vegetative regeneration. The ability to coppice is a 

successful means of coping with a repeated and frequent firing regime. The coppice 

shoots arise from meristematic accessory strands in the lignotuber and storage tissue of 
the organ, which contains nutrient and starch reserves. These reserves of both 
meristems and nutrients enable the rapid refoliation of burnt trees, to produce the pre

fire photosynthetic surface area as quickly as possible. 



Appendix 2 Conservation status of E. risdonii: Ch.5 Floristic variation 150 

4.3 Demography 

Potts and Reid (1986) postulate, for at least one population of E. risdonii, the 

existence of size classes of lignotubers. Size classes of stems are readily apparent in 

all populations and clearly reflect the fire history of the population. The period 
necessary to re-establish an aerial seed bank will be approximately uniform throughout 

the burnt population and future fire events are likely to lead to a flush of recruitment 

similarly spread throughout the population. So, presumably, discontinuous 

regeneration following fue events, also leads to the establishment of cohorts of 
lignotubers. The existence of size classes then, requires a uniform rate of growth of 
lignotubers or a sufficiently large interval between recruitments. 

To limit the confounding effects of differential growth rate and numerous recruitment 

episodes, only two lignotuber size classes were distinguished: greater and less than 21 

cm in diameter (after Potts and Reid 198?). Figure 4.6 clearly discriminates the 
aberrant Natone Hill population (GHNH) but also shows the remarkable consistency 

in the density of the larger lignotubers. Excluding the Natone Hill population, the 
mean number of lignotubers greater than 21 cm in diameter is 12.55 per 10 x 10 m 

quadrat, nearly 8 m2 per lignotuber. 

Chapter 5 Floristic variation 

5.1 General site floristics 

Seventy-six species were found in association with E. risdonii in 15 stands sampled 

throughout the range of the species. Three quadrats were sampled from each stand; 
one from the bottom of the stand, one from the centre of the population and one 

quadrat from the top of the slope. Twenty-nine of the 76 species were represented in 

less than 3 quadrats and were deleted from the analysis. The remaining 47 species are 
listed in Table 5.2. 

Of these, 10 species are present in nearly all sampled E. risdonii populations 

(~13/15), 20 species are common to 67% of the populations, and 37 species out of 47 
are common to 33% of the populations. This uniformity in the flora emphasizes the 

uniformity of the E. risdonii habitat. 

Except for the presence of E. risdonii as the dominant, the flora of these stands is 

typical of the more extreme, dry sc1erophyll communities in south-eastern Tasmania. 

The canopy of E. risdonii is open, with a mean cover of only 32%, allowing a high 

proportion of light to reach the forest floor. Eucalyptus viminalis is a co-dominant in 

13 out of 15 populations but in fewer numbers, with a mean cover of only 3%. The 
shrub understorey is also sparse, often consisting of Acacia dealbata seedlings of 1-2 
m height and Casuarina littoralis and Exocarpos cupressiformis trees to 3 m, with a 
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total mean cover of 10%. The remaining vegetation consists of small, usually prickly 
shrubs and ground cover species, predominantly legumes and epacrids, with a mean 

cover of 33%, and a grass/sedge layer covering 20%. Eucalyptus n"sdonii was the 

only rare species noted in these communities, neiirly all other species are widespread 
and abundant in dry sclerophyll or heath communities in south~eastern Australia 

However, Spyn"dium eriocephalum, which has a local distribution, and Olearia 
hookeri, which is endemic to Tasmania, have both been recorded in the Government 

Hills (Brown and Bayly-Stark 1979). 

5.2 Site ordination 

Despite the high degree of similarity in the flora of the sampled E. n"sdonii 
populations, there are patterns of floristic variation in the less common species that 

indicate that subtle ecological variables are operating in the range of the species. 

These floristic dissimilarities between populations are summarized using nonmetric 
multidimensional scaling (NMOS) from a starting configuration of detrended 

correspondence analysis (DCA). 

5.2.1 Hierarchical analysis of variance based on the NMOS 

The hierarchical sampling strategy enables us to obtain a picture of how the variation in 
the flora is partitioned. For example, how much of the variation in the flora occurs 

between the regions, how much do the communities (populations) vary within each 

region, and how much of the variation in the flora can be attributed to the variation 

between the sites at the bottom, centre, and top of each stand. 

The total variation in the flora, described by the NMDS, has been apportioned between 

the 4 axes, and the proportion associated with regional, population and site levels of 

the hierarchy within each axis has been determined. The significance of the variation at 

the regional and population level is expressed in terms of the variation between the 

sites within populations. 

There is a highly significant difference between regions along axis 1, and also a 
significant difference between populations within regions along this axis (Table 5.1). 

The variation along axis 2 is attributable to highly significant differences between 
populations within regions. Most of the variation in flora along axes 3 and 4 is related 

to differences between sites within populations, but there are lesser regional and 

population effects, respectively. 

5.2.1.1 Regional variation. 
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From Figure 5.1 Cal, the strong regional variation expressed by axis 1 C20,7% of the 
total variation) represents the marked difference between the floras of the Howrah and 

Meehan Ranges regions. The other two regions are centrally placed and overlap both 

floras. The Government Hills sites show a strong cohesion, with the exception of the 

Natone Hill population, clearly discriminated by axis 2, whereas the Risdon Vale sites 
exhibit more floristic variety. 

The species dominating the fIrst axis (see Table 5.2) include species more characteristic 

of dolerite soils than the mudstone from which they were sampled - Bursaria spinosa, 
Acacia mearnsii and Eucalyptus globulus, - contrasting with a selection of species 
(Gonocarpos teucrioides, Aotus ericoides, Pultenaea gunnii, Pultenaeajuniperina, 
Xanthosia pi/osa, Acacia mearnsii, Exocarpos cupressiformis) that are found in 

open eucalypt woodlands under a wide variety of conditions. 

The dolerite species are associated with the Howrah sites CHTOl, HRA, and HKH), 

which are slopes of mudstone below the summit of hills capped with dolerite. It is 

possible that nutrients from the dolerite are being moved downslope to slightly enrich 
the depauperate mudstone soils. By contrast, the Meehan Ranges are not overlain by 

Jurassic dolerite, and are characterized by the other group of species. 

The additional variation between regions along axis 3 (5.3%) appears to be due to the 
discrimination of the Howrah and Risdon Vale regions. 

5.2.1.2 Population variation 

The variation attributed to "between populations within regions" along axis 2 (21.0%) 

is largely due to the distinctive Natone Hill flora, and the difference between the other 

two Government Hills populations, GHHI and GHH2. The Natone Hill site is unique 

in that it is the only E. risdonii stand that has an almost southerly aspect. The GHH2 
population is almost westerly, while the GHHI is on the more typical north-west 

facing slope. The difference in the flora between these sites may reflect these 

differences in aspect. This is confounded, however, by the extreme frequency of 

firing of Nat one Hill. Surrounded by suburban housing, the steep slopes bearing the 

E. risdonii are bwnt by low intensity fires every two or three years. Consequently, 

the vegetation ha.s been simplified to a grass/sedge understorey with scattered shrubs 

and isolated tree-fonn E. risdonii. 

The variation between populations along the fourth axis (5.9%) is in part due to the 

difference between HRH and the other Howrah populations that are affected by the 

marginal nutrient input from dolerite outcrops. Interestingly, HRH differs in direction 

to the Meehan Range populations that contrast so starkly with the Howrah populations. 
This implies that the differences in vegetation between the Meehan Ranges and the 



Appendix 2 Conservation status a/E. risdonii: CII.5 Floristic variation 

most southerly populations are not entirely associated with edaphic factors. The 
environmental gradient that limits E. risdonii to its present distribution, may also be 
exerting an effect upon the flora. 

5.2.1.3 Site variation 

153 

"Between sites within population" variation dominates axes 3 (15.3%) and 4 (13.4%), 
these axes correspond to a trend in position of the sites. Within each population, sites 

along axis 3 tend to be ordinated from top to bottom, whereas along axis 4, the reverse 

is the case. Some species associated with a low score on axis 3 (Gonocarpos 
teucrioides, Bursaria spinosa, Acacia mearnsii and Dodonaea viscosa) are usually 
found in relatively wet or shadey habitats, whereas the species associated with a high 

score include the grasses (with the exception of Stipa sp. and Poa sp.). This suggests 
that, within populations, the floras respond to a moisture or insolation gradient. All 
populations are located on relatively steep slopes, the mudstone-derived soils are 

hygrophobic, and the ground cover is relatively sparse, these factors indicate that soil 
movement downslope and excessive water run-off is a probability and it is likely that 

that the lower parts of the slopes will have greater water availability. 

5.3 Site and species classification 

TWINSP AN was used to produce a two-way classification of the sites and the species. 

Although based on presence/absence of species, rather than the quantitative basis of 
NMDS, the same relationshi ps between populations are evident. The division of the 

populations, and the indicator species, are illustrated in Table 5.4. 

The clustering of the sites (Figure 5.2) reveals the regional distribution, modified by 
the edaphic factors, discussed above. The Howrah populations and Meehan Range 

populations are still maximally separated, but GHO! has been linked to the Meehan 

Ranges group, whereas the other two Government Hills populations have been linked 

to the Howrah populations. This classification should not be given undue emphasis 
because the differences between the populations are slight. Figure 5.2, for example, 

illustrates that different sites within a population can be classified into different groups. 

The classification of the species by TWINSP AN produced a group of species (Group 

1.2) highly characteristic of E. risdonii populations. The species in Group 1.1 tend to 

be characteristic of wetter sites and the species in Group 2 appear to be associated with 
soil types derived from coarser parent material, tending towards sandstone rather than 

mudstone. 

5.4 Conclusions 

The conservation of dominant tree species, such as E. risMnii, usually has the 
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additional benefit of protecting associated understorey species. In this case, virtually all 
associated species are widely distributed in dry sclerophyll forest and heath 
communities within the state and many also occur on the mainland. This suggests that 

the conservation strategy may be more directly concentrated on the preservation of the 
E. risdonii, rather than on the community as an entity. 

One of the major concerns in the preservation of small communities isolated by 

farmland or abutting urban areas is the invasion of the natural community by 

aggressive colonizing weed species. These species are often aided by disturbance such 

as penetration of the community by fire breaks and access roads, and by firing. The 

E. risdonii populations are characterized by both forms of disturbance, yet they show 
no evidence of incursion by weed species. Even the ubiquitous blackberry (Rubus 
fructicosus) and European gorse (Ulex europaeus) were not observed in the E. 
risdonii populations and the native bracken fern (Pteridiwn esculentum) was notable 
by its absence from all sites. It would appear that E. risdonii communities are 

protected from invasion by these aggressive colonizers by the poor soil and the 

associated extreme water relations. 

Eucalyptus risdonii populations cover a small range in terms of geographical distance, 

bedrock type, and microclimate and they appear to be relatively resistant to invasion. 
Unsurprisingly, there are no major disjunctions in the associated flora, merely 

variations in the abundance of the less dominant species. The major differences in 

floristics appear to be related to nutrient input from adjacent outcrops of Jurassic 
dolerite and to slight differences in soil depth and moisture availability. Such 

differences between populations are probably of no greater magnitude than the 
differences encountered in the gradient from the bottom of the stand to the the top 

(42.7%). Water relations are possibly further influenced by the exposure of sites, 

including the shading effect of hills to the north or north-west of the populations. But 

the major environmental gradient limiting the distribution of E. risdonii remains to be 

identified. 

Chapter 6 Phenetic variation 

A study of the morphology of E. risdonii is necessary to define the extent of the 
species, considering E. risdonii's close morphological similarities with E. 
tenuiramis. More importantly, the examination of the morphological variation gives 

an indication of the pattern of the genetic variation in the species. If the maximum 

amount of genetic diversity is to be conserved, it is essential to know how that 

variation is distributed across the geographic and ecological range of the species. 

6.1 General morphology 
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Eucalyptus risdonii occurs as a mallee or as a small tree to 8 m height The mallee 

fonn is almost certainly a product of repeated firing at intervals too frequent to allow 

the stem to achieve a diameter large enough to withstand damage to the cambium from 

the heat. Stem diameters greater than c. 20 cm may survive low intensity fires that still 

scorch the crown, in which case the stem will refoliate by epicormic shoots. If the 
stem diameter is less than this it is usually killed by even a low intensity fIre, and 

regeneration occurs by coppicing from lignotubers. It is likely, therefore, that the 

mallee fonn is a deflection from the tree fonn, due to high fire frequency. 

The bark is smooth, grey to creamy white, and the young stems are often encircled by 
leaf scars from the connate foliage. These young stems may retain a glaucous bloom, 

as do the exposed branchlets which may also develop a reddish hue. In E. risdonii, 
the juvenile leaf is developed after only two or three pairs of seedling leaves (under 

glasshouse conditions) and usually persists for the life of the tree. Being connate, the 

juvenile leaves are necessarily sessile and opposite, and they vary from orbicular to 

ovate in shape, usually with an acuminate apex. The intramarginal vein is quite distant 

from the slightly crenate margin. They are markedly glaucous and the pair together are 
about 90 x 65 mm, Adult leaves are not often attained, but when they do (usually 

under cultivation) they are petiolate, alternate, elliptical- to broadly-Ianceolate, up to 10 

x 2 cm, and also highly glaucous (although the white bloom may be lostby abrasion), 

Umbels are 7 -IS-flowered and axillary in the axils of the connate juvenile foliage. The 
peduncles are terete and about 12.5 mm long; pedicels 2-3 mm long with clavate, 

warty, glaucous buds. This glaucousness is continued on the fruit which are variable 
in shape, from cupular to obconical and are 7 -8 mm long x 8-9 mm wide; the disc is 

usually slightly descending, with valves level. An idea of the range in the 

morphological variation is conveyed by the means of the popUlations, given in Table 
6,1. 

6.2 Hierarchical analysis ofvan'ance 

If the within tree variation is ignored as the product of developmental plasticity, the 

majority of phenotypic variation sampled in the species, E. risdonii, is attributable to 

differences within popUlations (between sites and between trees). This is so for both 

the principal components (Table 6.2) and uni variate character data set (Table 6,3), 

Both reproductive and vegetative characters expressed similar divisions of variation 
(fable 6.2). Nevertheless, there is a significant added variance component among 

both regions and popUlations, for a number of measured characters (Table 6.2, 6.3). 

6.2.1 Regional variation 

There is a highly significant difference between regions along LEAF PC 3 (Table 6,2), 

This variate is dominated by a contrast between lamina length (LL) and the length to 
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the stem to achieve a diameter large enough to withstand damage to the cambium from 

the heat. Stem diameters greater than c. 20 cm may survive low intensity fires that still 

scorch the crown, in which case the stem will refoliate by epicormic shoots. If the 
stem diameter is less than this it is usually killed by even a low intensity fire, and 
regeneration occurs by coppicing from lignotubers. It is likely, therefore, that the 

mallee form is a deflection from the tree form, due to high fire frequency. 

The bark is smooth, grey to creamy white, and the young stems are often encircled by 
leaf scars from the connate foliage. These young stems may retain a glaucous bloom, 
as do the exposed branchlets which may also develop a reddish hue. In E. risdonii, 
the juvenile leaf is developed after only two or three pairs of seedling leaves (under 

glasshouse conditions) and usually persists for the life of the tree. Being connate, the 
juvenile leaves are necessarily sessile and opposite, and they vary from orbicular to 

ovate in shape, usually with an acuminate apex. The intramarginal vein is quite distant 
from the slightly crenate margin. They are markedly glaucous and the pair together are 
about 90 x 65 mm. Adult leaves are not often attained, but when they do (usually 

under cultivation) they are petiolate, alternate, elliptical- to broadly-Ianceolate, up to 10 
x 2 cm, and also highly glaucous (although the white bloom may be lost by abrasion). 

Umbels are 7 -15-f1owered and axillary in the axils of the connate juvenilefoliage. The 

peduncles are terete and about 12.5 mm long; pedicels 2-3 mm long with clavate, 
warty, glaucous buds. This glaucousness is continued on the fruit which are variable 

in shape, from cupular to obconical and are 7 -8 mm long x 8-9 mm wide; the disc is 

usually slightly descending, with valves level. An idea of the range in the 
morphological variation is conveyed by the means of the popUlations, given in Table 

6.1. 

6.2 Hierarchical analysis ofvariance 

If the within tree variation is ignored as the product of developmental plasticity, the 

majority of phenotypic variation sampled in the species, E. risdonii, is attributable to 
differences within popUlations (between sites and between trees). This is so for both 

the principal components (Table 6.2) and univariate character data set (Table 6.3). 

Both reproductive and vegetative characters expressed similar di visions of variation 

(Table 6.2). Nevertheless, there is a significant added variance component among 

both regions and popUlations, for a number of measured characters (Table 6.2, 6.3). 

6.2.1 Regional variation 

There is a highly significant difference between regions along LEAF PC 3 (Table 6.2). 
This variate is dominated by a contrast between lamina length (LL) and the length to 
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the widest point of the lamina (L WP): a shape change from a lanceolate to a more ovate 
shape. 

The major regional difference in the reproductive characters is described by the variate 
CAP PC 6. This axis describes a capsule shape change from a shorter, cupular 
capsule with a sunken disc to a longer, obconical capsule. 

The results in Table 6.2 suggest that there is more added variation in the vegetative 

characters at the regional and population levels than in the reproductive characters. The 
selective forces in each region are probably similar - the distance between populations 

is sm~ll, the bedrock and soils are similar, and the climate varies minimally
nevertheless, the vegetative characters might be expected to be more responsive to 

these selective pressures than the reproductive characters. 

6.2.2 Variation amongst popUlations within regions 

The most highly significant difference between populations within regions (LEAF PC 

2) was attributable to variation in the size of leaves. This axis varies from populations 

with long, broad-lanceolate leaves, to shorter, narrower leaves. This axis of variation 

appears to be associated with the exposure of the populations. In the Risdon Vale 

populations, the hills are progressively more sheltered from the afternoon sun by 
Blacksmith's HilL Similarly, the Natone Hill popUlation has a shaded, southerly 
aspect By contrast, the Government Hills are very exposed and it is in these more 

exposed populations that the mean leaf length (Table 6.4) appears to be smaller. 

The axes LEAF PC 1 and LEAF PC 4 also varied significantly amongst populations 

within regions. These axes represent leaf shape changes, from wider laminas with 

wider bases to narrower laminas with narrower bases along the first axis, and from 

narrower leaves with wider bases to the opposite in the latter. As can be seen from the 

univariate data set (Table 6.3), all 4 leaf characters were significantly different among 

populations. 

The capsules also vary among popUlations within regions, with 4 of the 7 characters 

showing significant differences. The main axis of variation (CAP PC 1) is described 
by the length of the peduncle versus the length of the pedicel, the shape of the capsule, 

and the depth of the disc below the rim of the capsule. 

The populations sampled covered the full geographical range of each region. This 

suggests that the added variance attributable to the population level may be inflated, 
because any gradients within a region will be maximized. Although, at least in terms 
of this effect, it will be partly counterbalanced by sampling extreme sites from within 
populations and, hence, also potentially inflating this component as well. 

Furthermore, because the popUlations were sampled from the northern and southern 
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extremes of each region, the environmental differences between, say, the northernmost 

population of Howrah and the southernmost population of Meehan Range may be 

small. 

6.2.3 Variation amongst sites within populations 

The added variance attributable to the between sites level in the leaf morphology, may 

be explained in tenns of the sampling strategy. The longer leaves and the related 

character of the length to the widest point may be a reflection of the differences 

between the centres of the populations and the margins. Presumably, the upper and 

centres of the populations may be more exposed than the bottom sites, thereby 

producing an environmental effect on leaf lamina elongation. Kirkpatrick and Nunez 

(1980) have suggested that the point of maximum insolation may be near the top of the 

slopes of the E. risdonii populations in December, but that it migrates down the slope 

during the summer. The centre sites within populations do, in fact, possess shorter 

leaves (P<O.OI) than the top or bottom sites. Alternatively, the margins of the 

populations may be subject to a higher level of introgression from the surrounding 

eucalypt species (Potts and Reid 1985). 

Rather than a straightforward difference in size of the leaves between sites within 

populations, there appears to be a difference in shape. The two significant axes of 

variation are dominated by lamina length and by length to the widest point. But 

whereas LEAF PC 2 varies from long leaves with long distances to the widest point, 

LEAF PC 3 is the opposite with long leaves with a short distance to the widest point. 

While there is significant variation at all levels (regional, population and site) for both 

reproductive and vegetative characters, the vegetative characters appear to show greater 

variation at the higher levels than do the reproductive characters. The capsule 

characters differ more significantly between sites within populations than do the leaf 

characters. 

The most highly significant axes of variation in the reproductive characters are CAP 

PC 1, as above, and CAP PC 3 which is dominated by peduncle and pedicel length 

versus capsule length. So that in some populations, some sites have long pedicels and 

long peduncles but short capsules. 

6.2.4 Variation amongst trees within sites 

Individual trees of a species often vary a great deal from one another even when 

growing in the same site (Zobel & Talbert 1984). Eucalyptus risdonii appears to be no 

exception. In fact, the phenotypic variation between trees within sites is the largest 

component of the measured variation. There are highly significant differences between 
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trees within sites in all measured characters (Table 6.3). 

6.2.5 Variation within a tree 

TIlls variation is a reflection of the ontogenetic variation and environmental plasticity of 
the characters used. Both confounding elements were minimized by subjective 
sampling, choosing the most recently fully-expanded leaves from the north-facing side 
of the canopy. Nevertheless, when the overall variation is divided into the percentage 
attributable to each level, the error variance (measurements within one tree) represents 
nearly 50% of the total variation. 

6.3 Discriminant Analysis 

The Hierarchical Analysis of Variance enabled the partitioning of the variation between 
the various levels: regions, populations, sites and trees and, hence, provided an insight 
into how phenotypic variation within E. risdonii is distributed. Discriminant Analysis 
(eVA) allows the pattern to the variation to be described, and the subsequent clustering 
techniques reveal the relationships between the groups at each of those levels. When 
combined, this describes the phenotypic architecture of the species, E. risdonii. 

6.3.1 Regions 

The first canonical axis (CY 1, shown in Fig. 6.1) accounts for 90% of the variation 
between region centroids. This function is dominated by lamina length, capsule length 
and disc depth. The Government Hills and Risdon Yale regions are at the extremes of 
this axis. The mean length of the leaf laminas from the Government Hills region are 
shorter (38.9 mm) than those from Risdon Vale (49.0 mm). The proportional mean 
length of the laminas of these two regions is shown in the ideograms in Fig. 6.1. 

6.3.2 Populations 

The first canonical axis (CY 1, shown in Fig. 6.2) accounts for 61.5% of the variation 
between population centroids. This function is dominated by lamina width, and the 
width of the lamina at the base (Table 6.4). As in the CV A of the regions. the primary 
discrimination is between the Government HIlls populations and the rest However, 
this analysis also shows that the Natone Hill population (GHNH) is removed from that 

grouping and shows greater affinity with the popUlations from other regions. 

The second axis of variation (CY 2) is also highly significant and accounts for 16.3% 
of the variation between population centroids. This direction of variation is described 
by the capsule characters: contrasting capsule length with the point of maximum width 
(see the ideogram in Fig. 6.2). This axis separates the Risdon Vale populations from 
the remaining populations and also suggests that the Howrah population (HT01) is 
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markedly different in morphology from the cluster of the other Howrah and Meehan 

Ranges populations. As can be seen from Table 6.1, the mean lamina length sampled 
from HTO 1 is shorter and the capsule shape differs from those populations. 

6.4 Phenetic classification 

Based on the generalized distance between populations, calculated in the discriminant 
analyses, the clustering techniques illustrate the relationship between members of each 
level. 

6.4.1 Regions 

The Howrah and Meehan Range regions are morphologically similar. From Fig. 6.1, 

we can see an overlap in the population dispersion, and that the distance between 
region centroids is less than the within region spread. Figure 6.3 illustrates the 
similarity of these two regions, the close affinity of the Risdon Vale region and the 

marked dissimilarity in morphology of the Government Hills region. 

6.4.2 Populations 

The classification from Ward's minimum sum of squares clustering was used to 

identify groups of populations without reference to their regional distribution. The 
dendrogram from this classification, based on the 11 morphological characters, is 

shown in Fig. 6.4. The more conservative clustering techniques (Single Linkage and 

Average Linkage) yield similar groups. 

Five clusters of populations are apparent. The populations comprising these five 
groups are listed in Table 6.5, along with the mean values for each character. Figure 

6.5 illustrates these mean values for each group of populations. The geographical 
distribution of these populations is indicated in Fig. 6.6. Rather than a strictly 

"regional" distribution, the phenotypic similarities of the populations appear to be 

based on other factors. 

These factors appear to be associated with geographic distance. The four 

central populations (MROl, MRTH, HKH AND HRA) are closer to each other in 

terms of both geographical and morphological distance than they are to the other 

regional members. Similarly, both the Risdon Vale and the Government Hills 
populations are clustered in terms of phenotypic and physical distance. The exceptions 

are the N atone Hill (GHNH) population - with its unusual southerly aspect - which 

shares close morphological similarities with the Risdon Vale populations, and the 
Rokeby Hills (HRH) population that is linked with the two northernmost Meehan 

Ranges populations (MRGH AND MRS H). Rokeby Hills is at the southern extremity 
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of the range of E. risdonii, while the two Meehan Range populations delimit the 
eastern extent of the species. 
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The Tranmere (HT01) population shows greatest affmity for the central grouping but, 
as is shown in Fig. 6.2, it is morphologically distinct. The mean lamina length is 

shorter than all other populations, with the exception of Government Hills, and the 
capsule is more cupular than obconical, with a more descending disc. 

In the clustering and discriminant analysis, the phenotypic relationship between the 

populations has been viewed in terms of the generalized distance between population 
centroids. This generalized distance (Mahalanobis' Distance, or D) is significantly 

correlated (0.000 1 <P~0.005) with the physical distance between each population (see 

Fig. 6.7). The wide scatter, however, indicates that the predictive value of this 
relationship is oflittle consequence. Nevertheless, this implies that the geographical 

distance separating the populations is associated with a selection or environmental 

gradient that alters the phenotype of the plants. For it is unlikely that it is a 
consequence of limited gene flow and that mutations, or introgressions, arising in one 

part of the species range have infiltrated through the whole system (see Chapter 7). 

The three Government Hills populations (excluding GHNH) represent an extreme in 

the phenotype of E. risdonii. If these populations are regarded as the centre of the 
species, the remaining populations can be viewed in terms of both the phenetic distance 
and the physical distance from that centrepoint (Fig. 6.8). The Government Hills 

populations are highly exposed sites, with high insolation loads and extreme 

temperatures in the summer months. With increasing distance inland, there is a degree 
of protection from the predominantly north-westerly winds by intervening hills and 

protection from the late afternoon sun. Populations with a greater phenetic distance 
from the Government Hills populations than might be expected include: MRGH, 
MRSH, and RVH4 - populations that mark the boundaries of E. risdonii's 
distribution. 

6.5 Conclusions 

This study of the morphological variation to be found in the natural stands of E. 
risdonii does not give an absolute measure of the total genetic diversity in the species. 
It is a localized species, confined to specific habitats and we must assume that it will 

have less total genetic diversity than a more widespread species. This study does, 

however, suggest how the genetic diversity is distributed across the geographic range 

of the species. 

Eucalypts, like other trees, ha ve high levels of genetic diversity compared to other 

organisms. The distribution of this genetic diversity appears to be primarily within 

populations rather than between popUlations (Moran and Hopper 1987). In 
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"widespread" eucalypt species, this means that conservation of a few widespread 

populations in different geographic areas would be the optimal strategy for the 
conservation of genetic resources. In a "regional" species, such as E. caesia, with a 

geographic range of 270 km but very small, disjunct populations, 61 % of the genetic 

diversity was found to be between populations. This suggests that a considerable 
number of these small populations should be set aside for conservation. In "localized" 
eucalypts (a small number of populations usually of limited size and endemic to a 

narrow geographic area ofless than 100 km), most of the diversity is again within 
populations rather than between popUlations although the total genetic diversity is less 

than for widespread species. Although Moran and Hopper (1987) make no comment 
on the optimal conservation strategy, this tends to suggest that a few of the largest 
popUlations would conserve a large proportion of the genetic diversity of the species. 

The variation within E. risdonii is apportioned within and between popUlations in a 

similar manner to those localized eucalypts measured by Moran and Hopper (1987) in 

Table 6.7. 

The difference between the variation in the vegetative and reproductive characters may 
be a differential response to the selective forces operating on each set of characters, or 

a product of differential phenotypic plasticity. The vegetative characters are probably 

subject to both greater selective pressure and to greater environmental influences on 

growth than are the reproductive characters. 

The discriminant analysis and clustering of the regions suggests that a large portion of 

the between regions variation is attributable to the difference between the Government 
Hills region and the other regions. This difference is also marked in the analysis based 
on the popUlation dispersion. This latter analysis, however, distinguishes the Natone 

Hill (GHNH) population from that region. This popUlation possesses a greater 

similarity in morphology to the Risdon Vale popUlations. Another significant source 
of within regions variation is the Tranmere popUlation (HT01). This population is 

markedly different from the the main body of Meehan Range and Howrah populations. 

The mean leaf characteristics closely resemble the Government Hills regional mean but 
the capsule characters remain typical of the Howrah region, with the exception of the 

point to the maximum width character. 
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Chapter 7 Conservation status and recommendations 

7.1 Introduction 

With E. risdonii, we have the rare opportunity to have sampled the phenetic and 
ecological extent of the species before substantial proportions have been lost to 

suburban expansion or other forms of land alienation. It is even possible that the 
current distribution of the species marks the maximum extent of the species in recent 
times. We are, therefore, in an ideal position to determine the optimum strategy to 

conserve the maximum amount of genetic diversity in the widest range of habitats. 
Furthermore, with many of the populations still intact, it is possible to suggest which 
of those populations are the most viable populations for preservation. 

This chapter assesses the degree of disturbance, reservation status and size of 
populations of E. risdonii in relation to the genetic and ecological diversity within the 
species in order to present a set of recommendations to optimize the conservation of the 

speCIes. 

7.2 Summary o/the phenetic and ecological diversity within E. risdonii 

There are no major disjunctions in habitat types within the E. risdonii populations. 
The geology, topography, soil depth and aspect of the populations are relatively 

uniform and the distribution of the species is restricted to a small area that is, 
presumably, climatically homogeneous. This apparent similarity in ecology is 

reinforced by the similarity in the floristics of the stands. There are significant 
differences, however, that allow a classification of the populations into the 4 groups 

illustrated in Fig. 7.1. 

Similarly, there are no major discontinuities in the morphological characters used to 
estimate the phenetic variation between populations. By far the majority of the 

variation in the species (between 67 and 85%) is within the populations; between the 

sites and between individual trees. This would tend to suggest that the conservation of 

a few large populations would preserve a large proportion of the genetic diversity of 
the species. Nevertheless, there are differences in the morphology of trees from 

different populations and regions that can be summarized by the classification shown 
in Fig. 7.2. 

Combining the two forms of variation in a two-way classification of the sampled 

populations provides a summary of the total variation between popUlations (Fig. 7.3). 
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7.3 Reservation status o/populations 

The two largest concentrations of E. risdonii popl'ia~ons, the Meehan Ranges and 

Risdon Vale regions, are the furthest removed from suburban sprawl, are comprised of 

the largest populations and are the best conserved. Both regions have a large 

proportion of their E. risdonii (64% and 49%, respectively) within the Meehan Range 

S tate Recreation Areas. 

The Meehan Range SRAs were acquired by the Tasmanian State Government as part 

of a plan to preserve the skyline and scenic value of the Meehan Ranges encircling 

Hobart on the eastern shore of the River Derwent. Unfortunately, the plan was not 

completed because of financial constraints, and the Rokeby Hills ha ve not been 

acquired, and remain privately owned. 

This curtailment of the plan has left a vacuum in the management of the area. No 

formal plan or policy has been proclaimed for the area and land use proceeds in an 
improvised manner. At present, preservation of the E. risdonii is not the primary 

purpose of the Meehan Range SRAs. This should be altered. The preservation of the 

E. risdonii in these areas should be made a high priority and all proposed activities in 

the areas should be examined in the light of any detrimental impact on E. risdonii. 

At present, activities in these SRAs that are compatible with preservation of E. 

risdonii include recreational walking, climbing, nature study and bird observation. 

Other legitimate activities are confined to a disused quarry site in the Redgate Section 

of the Meehan Range region. where the ambulance service infrequently practice rescue 

operations, and a car club uses the quarry road as a drag strip. Firewood collection 
has recently been discontinued (on the advice of the Tas. Fire Service) because of 

deterioration of fire trails under such use. The fire trail system has been recently 

upgraded, with the emphasis on the maintenance of the major trails. The major form 

of disturbance in the area is the illegitimate use of trail bikes. More often than not, 

access is gained through properties adjoining the SRA and, therefore, it is very 

difficult to control. Uncontrolled trail bike use of the area damages the ground cover 

vegetation and can lead to erosion of the fragile, shallow, mudstone soils. 

Although the land use of these State Recreation Areas is presently compatible with the 

conservation of E. risdonii, these areas are not inviolable. Land use can alter at the 

discretion of the Southeast Planning A uthority, or the land can be deregistered as a 

reserve at the instruction of the Minister. 

The East Risdon Nature Reserve, proclaimed in 1971 for the protection of E. 

morrisbyi, preserves a number of small patches of E. risdonii, and most of GHHl. 

However, suburban development is presently taking place on the eastern slopes of the 

Government Hills, and very small patches of E. risdonii, including the GHH2 
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population, may be lost A small lot of land (9 ha) abutting the East Risdon Nature 
Reserve, containing the remaining part of the GHHI population has been reserved in 
the subdivision of the area. Nonetheless, this subdivision into 2 ha blocks of land will 
surround the reserve with suburban housing, with an inevitable increase in the amount 
of disturbance. 

The remaining populations in the Government Hills area, such as GHFH, are probably 

safe from suburban encroachment for the immediate future. The larger populations are 
located along ridge lines and, therefore, should be preserved under the Clarence 
Municipal Council "Skyline Preservation" guidelines. Furthermore, the area has a 

number of features that may discourage development: the area is dissected by power 
line pylons, it overlooks the Electrolytic Zinc Company's Risdon site, and access to 
these areas would require extensive roadworks from the East Derwent Highway, 

presumably an expensive undertaking. The most important areas are owned by the 

E.Z. Company, whose stated use of the land is as a dumping site for waste materials, 
presumably jarosite. At present, this waste is dumped at sea, and it is unlikely that 

environmental protection authorities would find such a land use acceptable because of 
the risk of runoff polluting the River Derwent. Similarly, alternative land uses, such 

as extensions to the Risdon industrial site, do not appear to be practicable in view of 

the expanding suburban development in the area. The E. Z. Company has an ideal 

opportunity to enhance its image as an environmentally-aware company by ceding the 

land to the Crown for the expansion of the East Risdon Nature Reserve. 

The most immediately imperilled populations of E. risdonii are those in the Rokeby 
Hills above the suburbs of Howrah and Tranmere. The Knopwood Hill Recreation 
Area (HRA) provides the only fonnal protection of E. risdonii in this region. The 

other populations above Howrah are almost certain to be lost to suburban expansion. 
Already, the" Skyline Drive" development has put the lower limits of the E. risdonii 

into people's backyards, and further development will lead to the loss of the 

population. It is also likely that the largest population, the Knopwood Hill population 

(HKH), will be subdivided in the near future. This population contains a woodland 
form of E. risdonii above a grass understorey, dominated by the native kangaroo 

grass (Themeda australis). Frequent, low intensity fires and nutrient enrichment from 

the dolerite cap on the hill are probably responsible for this unusual association. 

At present, the Tranmere populations remain relatively intact, for subdivision of the 

land into suburban lots has been confined to the foreshore, with little higher than 40 m 
above sea level. Development is rising, however, and the foothills to 56 m above sea 

level are now being divided into suburban blocks. Present zoning of the land restricts 
development to this height, the height at which the properties can be serviced with 
mains water from the reservoirs in the area. The large populations of E. risdonii are 

above this height, on land owned by Standard Chartered Finance. This land is zoned 

"Rural" and as such can only be subdivided into lots with a minimum area of 20 ha. It 
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is our understanding that a submission to rezone the area is possible if SCF assist in 

providing an alternative water supply - a reservoir at a higher altitude. The viability of 
this remains unknown but. presumably, rising land. prices will make this an option in 
the near future. 

Some factors may operate to preserve some of the E. risdonii in the larger 

populations. Skyline preservation may prevent the destruction of parts of the HRH 
and HTOI, and certain areas of the this future subdivision may be allocated as "public 

open space". Where possible, the Clarence Municipal Council and the developers 
should be encouraged to consider the preservation of the E. risdonii stands as a high 

priority. 

Smaller populations of E. risdonii occur on the eastern slopes of the Rokeby Hills in 
land under the control of the Department of Housing. These populations should be 

preserved. Similarly, the very tail of the HRH population, which contains a hybrid 
swann of scientific interest, occurs on Housing Department land and should be 

preserved if possible. 

7.4 Genetic considerations 

The populations were sampled to obtain a full range of the geographic variation in the 

E. risdonii but, within that constraint, the largest populations were selected (see Table 

7.1). Consequently, with the exceptions of Natone Hill (GHNH) and GHH2, these 

sampled populations have well in excess of the minimum numbers necessary to avoid 

the deleterious effects of inbreeding. The effective size for short-term preservation of 

heterozygosity in tree species is possibly less than 100 (Brown and Moran 1981; 

Frankel and Soule 1981; Nankoong 1984) whereas most of the sampled populations 

contain thousands of individuals. Indeed, the sampled E. risdonii populations 

probably exceed the minimum size requirements to maintain sufficient genetic diversity 
for long-term evolutionary viability (between a few hundred and a few thousand 

(Nankoong 1984». This suggests that any, or all, of the sampled populations are of a 

suitable size for conservation. 

The populations are almos t certainly at their maximum level of genetic diversity at 

present There is no evidence of recent contraction in population size; the increased 

level of disturbance over the past two centuries may even have increased their range. 

Furthermore. the high proportion of phenetic variation within populations indicates the 

maintenance of a high degree of heterozygosity in the populations. This may be a 

function of their size or it may be an indication of a high level of gene flow between 

populations. 

Figure 7.6 suggests that the greatest distance between a population and its closest 
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neighbour is a little less than 3 km, the distance between the Government Hills region 
and Risdon Vale. Potts (198?) has estimated the absolute barrier to gene flow in E. 
risdonii to be 8 km. This would mean that 75% of E. risdonii populations are subject 
to a certain amount of direct gene exchange (given synchronous flowering times) and 
that all populations are linked by indirect gene flow. Given that E. risdnnii is 

confined to a well-defined niche, it is unsurprising that the inter-population phenetic 

variation is relatively small. 

7.5 Conservation status 

E. risdonii is a rare Tasmanian endemic with a highly restricted geographical 

distribution but this survey suggests that E. risdonii is not currently endangered. 
Using the classification system of Leigh et al. (1982), E. risdnnii, warrants a 

conservation status of "R": - rare but not currently considered endangered or 

vulnerable and are represented by a relatively large population in a very restricted area 

or by small populations spread over a wide range or some intermediate combination. 

All populations are subject to a degree of human interference; the stands have been 

repeatedly burnt, used as a dumping place for domestic rubbish, cut for fuel, dissected 
by fire control tracks and power pylons but the stands remain resistant to invasions by 
weed species and appear to be able to respond to repeated disturbance by vigorous 

vegetative regeneration. There is no evidence of major loss of the genetic resource, in 
terms of either range restriction or a loss in the genetic diversity within populations, 

since European settlement. Nearly half (45%) of the area occupied by E. risdonii is 

relatively secure in State Recreation Areas and a few small patches occur on Crown 
Land (Housing Department) where conservation policies could be readily undertaken. 

All of the larger, sampled populations appear to be of sufficient size to maintain short

term fitness and also appear sufficient for long tenn evolutionary adaptibility to be 

maintained, especially in the light of the probable gene flow betweeen populations. 

In general, the species is well conserved, with the current reserve system preserving 

large populations of E. risdonii in reasonably large areas. However, in order to cover 
the full range of genetic and ecological diversity in the species, an additional large 

population (on the Electolytic Zinc Company's land) in the Government Hills should 
be added to the East Risdon Nature Reserve and at least part of the southernmost 

populations above Tranmere (owned by Standard Chartered Finance Limited) should 

be preserved. 

There is a need to ensure that the conservation of E. risdnnii is placed foremost in 
consideration when determining the multiple land use of the Meehan Range State 

Recreation Areas. Public access to the area should not be hindered, if that access is 
compatible with the preservation of the flora. Indeed, perhaps public interest should be 

encouraged by the establishment of a car park and walking tracks through part of the 
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area. Public access should be limited, however, if that access will lead to the 

degradation of the habitat, for example erosional problems created by uncontrolled 
motorbike and 4·wheel drive use, unsupervised fL~ewood collection, or arsonists 

during fire-sensitive periods. The use of these areas should be prescribed and 

controlled so that the conservation status of this rare species is not degraded. 

7.6 Recommendations 

Eucalyptus risdonii is a rare species with a very restricted distribution in close 

proximity to the expanding city of Hobart. Despite this, it is not an endangered 

species. The species' limited distribution is not a consequence of contraction of habitat 
by clearing for alternative land uses, but rather a factor of the precise ecological niche 

that enables it to occupy an easily defined habitat. This limited distribution, uniformity 

in habitat, and gene flow between popUlations, combine to produce a continuum in 
phenetic variation, an apparently homogenous species but with a high level of variation 

within populations. 

Due the species' relatively small size and its dominance in natural stands, relatively 

small areas (c. 10 ha) contain populations of a sufficient size to maintain high levels of 
genetic diversity, possibly adequate for long~term conservation. Furthermore, the 

species has been preserved almost in its entirety to date. A large proportion of the 
area, incorporating a great deal of the phenetic diversity of the species, is reserved in 

State Recreation Areas. All that is required to conserve the species adequately is to 

make the preservation of E. risdonii in those areas the highest priority for land use. 

To conserve the full range of phenetic and ecological diversity in the species, at least 

two populations currently on private land should receive some form of formal 
protection. 

Adoption of the major recommendations listed at the start of this section, in order of 

decreasing priority, should ensure optimal conservation. 

SPECIFIC RECOMMENDA nONS 

Recommendation 1 

The status of the Meehan Range State Recreation Areas should be altered to ensure that 

the preservation of E. risdonii is the foremost priority, while not precluding other 

recreational uses of the area. 

A policy on appropriate land use and activities in the reserve should be compiled in a 

management plan. Further moves should be made to enhance the recreational value of 
the area, with an emphasis on activities that will increase the appreciation of the 
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environment. Such an increase in recreational use of the area will require an input of 

funds for appropriate track construction and maintenance and for staffmg by a ranger. 
The presence of a ranger will help to reduce the inappropriate uses of the area and 

would be indispensable during periods of high fire danger, when it would probably be 
necessary to exclude the public from the area. 

Recommendation 2 

To conserve the full range of phenetic and ecological diversity in the species, at least 
two populations currently on private land should receive formal protection. 

A large population on the Electrolytic Zinc Company's land in the Government Hills 

shoUld be added to the East Risdon Nature Reserve, and at least part of the 
southernmost popUlations above Tranmere (owned by Standard Chartered Finance 

Limited) should be preserved either by the skyline preservation policy of the Clarence 

Municipal Council or as part of the public open space allocation in any subdivision of 
the Rokeby Hills. The Clarence Municipal Council should be informed of the 
distribution of E. risdonii so that any planned change to land use in these areas can be 

examined in relation to the impact on these popUlations. 

Recommendation 3 

Crown land containing stands of E. risdonii should be secured from deleterious 

changes to land use. 

The Housing Department control land In the Rokeby Hills containing small patches of 

E. risdonii, these should be preserved. 

Recommendation 4 

High frequency fuel reduction burning should not be used as a management tool in the 

popUlations of E. risdonii. 

Although E. risdonii individuals are well-adapted to a frequent fire regime and can 
recover vegetatively, fires with a periodicity of less than the time to establish a sizable 
seed crop will lead to a decline in numbers and an alteration in size and form of the 

trees. There is insufficient evidence of the effect of the different firing regimes on the 
floristic composition of the associated vegetation, but consequent effects may include 
the destabilization of the soil layer, increased water runoff and associated erosional 

problems. 

Recommendation 5 



Appendix 2 Conservation status olE. risdonii: Ch.7 Conservation status and recommendations 169 

Research into the effects of the frequency of firing, the period of firing, particularly 

fuel reduction burning, on populations of E. risdonii should be instigated, and the 

populations should be monitored to ensure that nn loss in numbers occurs. 

Many populations abut directly onto suburban areas and, as a result, fires are virtually 

an inevitability. For the proper management of these E. risdonii populations, it is 

essential to know the effect fire on population turnover, the demographic effects of 

differing types of fire (for example, the size of the stems killed and the percentage 

crown death), the time to re-establish seed bank in the crowns after fire, and changes 

in abundance of associated species after fires. 

It is also necessary that E. risdonii populations are monitored to prevent activities that 

are detrimental to the species. To this end, the responsibilities of the appropriate 

authorities should be made clear, including the Tasmanian Fire Service, the Department 

of Lands Parks and Wildlife, the Clarence Municipal Council, and the regional 

Planning Authority. 
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Table 2.1 Environmental and stand cbaracteristics recorded from eacb E. risdonii 

pop ulation. 

Charncler 
role 

E/W 
N/S 
ALT 
ASPECT 
PSLOPE 
SSLOPE 

SOIillEPlR 

DRAINAGE 
TOPPOS 

WIND 
POPSlZE 
DlSTIJRBANCE 

LASTFIRE 
EUCS 
HYBRIDS 

ROCKCOVER 

UITERCOVER 

BARE 

Deseri ption 

Universal Grid Reference (east/west) 
Universal Grid Reference (north/south) 
Altitude (m) 
Site aspect of the main slope of the population 
Slope of the popula tion (') 
Slope of each site within a population [1 shallow (<5'), 2 medium (5-15'), 3 
deep (~15')1 
Soil depth class [1 skeletal, 2 shallow «lOcm), 3 medium (1O-50cm), 4 deep 
(~50cm)1 
Site drainage class (1 excessive, 2 free, 3 impeded) 
Topographic position (1 ridge, 2 hilltop, 3 cliff slope, 4 upper slope, 5 mid 
slope, 6 lower slope, 7 plain/plateau) 
Wind exposure (1 sheltered, 2 medium, 3 exposed) 
Population size derived from estimates of the number of individuals 
Human disturbance class (1 undisturbed, 2 slight disturbance evident, having 
very little impact on population. 3 severely disturbed, including large 
portions of population possibly lost through clearing) 
Estimated time since last fire (years) 
N umber of associated eucalypt species 
Relative frequency of putative natural hybrids in population (0 none, 1 rare, 2 
one or two observed, 3 frequently encountered) 
Rock cover class at each site ( 0 none, 1 rare, 2 1-5%, 3 5-25 %, 4 25-50, 5 
50-75%, and 6 >75%) 
Litter cover class at each site ( 0 none, 1 rare, 2 1-5%, 35-25 %,4 25-50, 5 
50-75%, and 6 >75%) 
Bare ground cover class at each site( 0 none, 1 rare, 2 1-5%, 3 5-25 %, 425-
50,550-75%, and 6 >75%) 



Table 2.2 Cbaracter codes, descriptions, grand means and 95% confidence limits 
(Ll,L2) of untransformed data for tbe 16 E. risdonii populations. TheF 
ratios for the difference between populations based on lransfonned values are indicated and 
are all highly significant (P.<: O.DOI,and P < O.Ot for RIMW). The lransfonnations 
optimizing homogeneity of variances and the normality of residuals criteria and applied in 
all analyses are shown. 

Code Character Grund Ll L2 F Transfonnation 
description Mean 15,319 

LL Lamina length (mm) 45.7 35.48 58.48 22.2 log 10(X) 
LW Lamina width (mm) 33.9 27.69 41.46 6.0 log IO(X) 
LWP Length from lamina 10.5 6.82 16.07 9.5 log 1O(X) 

base to widest point (mm) 
BASE Width or the lear at 24.0 18.03 31.91 7.7 log IO(X) 

connate lear base (mm) 
PEDU Peduncle length (mm) 12.6 7.53 21.06 4.6 log 10(X) 
PED! Pedicel length (mm) 2.3 1.40 3.76 9.7 log 10(X) 
CAPL Capsule length (mm) 7.6 6.20 9.28 6.7 log 10(X) 
RIMW Capsule rim width (mm) 7.1 5.79 8.66 2.3 log 10(X) 

MAXW Maximum capsule 8.3 7.21 9.59 4.9 log IO(X) 
width (mm) 

PIMAXW Distance from capsule 2.0 1.30 2.74 9.4 none 
rim to maximum capsule 
width (mm) 

DISK Disk depth (mm) 0.4 ·0.49 1.29 8.4 none 



Table 3.1 Population locations, codes, univel!'Sal grid references, the number of 
individuals sampled, estimate or the population sIze, and the land tenure ot each E. 
risdonii stand. The sampled populations are given in BOLD type. 

REGION CODE UNIVERSAL . APPROXIMATI} NUMBER LAND AV.TREE 

GRID REFERENCE AREA SAMPLED TENURE HEIGHT 

E/W N/S (HAl (ml 
Howrah HRH 5345 52491 16.2 24 Private 8 

HOOI 5342 52498 15.8 Private 
H002 5345 52502 1.7 Crown 
H003 5345 52505 0.8 Private 
H004 5341 52505 6.1 Private 
HT01 5341 52507 8.9 24 Private 5 
H005 5338 52520 2.4 Crown 
H006 5338 52522 1.0 Private 
H007 5338 52536 3.3 Private 
H008 5335 52532 6.6 Private 
HRA 5330 52534 8.4 21 Crown 7 
H009 5328 52536 7.0 Crown 
H010 5324 52537 1.9 Crown 
HK 5326 52540 21.7 28 Private 6 

Meehan MOOI 5332 52552 9.6 Crown 
Ranges M002 5327 52554 3.9 Crown 

M003 5326 52556 6.3 Crown 
MRTH 5339 52556 14.0 23 Private/Crown 8 
M004 5334 52557 30.2 Private/Crown 
MR01 5323 52559 20.5 18 Private/Crown 5 
M005 5325 52566 53.3 Crown 
M006 5334 52566 2.3 Crown 
M007 5339 52569 12.6 Private 
M008 5349 52573 2.3 Private 
M009 5322 52575 7.1 Private/Crown 
M010 5347 52577 9.6 Private 
MRSH 5326 52578 35.1 18 Crown 7 
MRGH 5338 52578 75.4 25 Private/Crown 7 
MOll 5348 52580 6.9 Private 
M012 5328 52584 1.8 Private 

Govern- GHNH 5280 52561 6.8 16 Private 6 
men! GHFH 5275 52575 13.3 24 Private 3 
Hills GOOI 5269 52577 5.7 Crown 

G002 5275 52580 8.9 Private 
GH01 5270 52582 6.0 30 Crown 3 
G003 5270 52585 1.3 Private 
G004 5268 52589 0.3 Private 
GHH2 5269 52593 0.4 25 Private 6 

Risdon RVEH 5314 52597 16.2 23 Private 8 
Vale ROOI 5306 52598 10.5 Crown 

R002 5301 52599 5.3 Crown 
R003 5329 52560 11.5 Crown 
RVH2 5295 52607 26.8 26 Crown 7 
R004 5313 52610 15.3 Crown 
RVH3 5298 52612 20.4 22 Crown 7 
RVH4 5298 52615 7.3 20 Crown 8 
R005 5315 52617 29.6 Private 
R006 5297 52618 2.8 Private 
R007 5311 52620 9.9 Private 
R008 5296 52621 3.3 Private 
R009 5317 52625 2.8 Private 
R010 5313 52629 37.6 Private 



Table 5.1 Distribution of the total variance in floristic composition of E. 
risdonH sites, based on the NMOS scores. *' P <0.05; ** P <0.01; u .. P 
>0.001. 

Axis Regions Populations 
% % 

20.7 ...... 43' 
2 0.0 21.0 ...... 
3 5.3 .... 0.0 
4 0.0 5.9" 

Total 26.1 31.2 

_._-- _._, . ,._-- ·- 1 

,. 
I. , 

11 

II 
i 

i I 
I 
\ 

- ...... - .. - ---.-- - .. ---- .. . _ - I 

s\tln 
I 
i 
I. 

, ~ 

I 
·1 
I 
I 
I 
I ., 

i, 
'I 
I 
j 

Sites Total 
% % 

7.5 32.5 
6.6 27.5 

15.3 20.7 
13.4 19.3 
42.7 100.0 



Table 5.2 Species occurring in more tban 3 E. risdonii sampling sites. 
Distribution (O=rare, l=occasionaJ, ... 4=widespread and abundant); endemism (O=non-
endemic, l=endemic to Tasmania); moisture status (O=dry, ... 2=wet). 

Species Code Frequency Distrib. Endemism Moisture 
(/45) status 

O. Sedges: Lomandra longifolia LOMALONG 19 4 0 1 
Dianella revoluta DIANREYO 37 4 0 1 
Lepidosperma laterale LEPlLA1E 10 4 0 1 

1. Grasses: Aira elegans AIRAELEG 7 4 0 0 
Danthonia purpurascens DANTPURP 20 1 0 1 
D. setacea DANTSETA 8 4 0 1 
Deyeuxia spp. DEYUSP. 21 4 0 1 
Dichelachne rara DICHRARA 3 4 0 1 
Microlaena stipoides MICRSTIP 8 4 0 1 
Poa spp. POASP. 12 4 0 1 
Stipa sp. STIP SP. 25 4 0 1 

2. Herbs: Hypericum grarnineum HYPE GRAM 3 4 0 1 
Wahlenbergia sp. WAHLSP. 4 4 0 0 

3. Perennial: Gonocarpos tetragyna GONA1ETR 38 4 0 0 
herbs G. teucrioides GONA1EUC 12 4 0 2 

Goodenia lanata GOOD LANA 7 4 0 0 
Helichrysum obcordatum HELIOBCO 19 4 0 0 
H. purpurascens HELIPURP 3 3 1 0 
Opercularia varia OPERVARl 19 4 0 0 
Oxalis corniculata OXALCORN 3 4 0 1 
Senecio quadridentatus SENE QUAD 3 4 0 1 
Stylidium graminifolium STYLGRAM 21 4 0 1 

4. Creepers: Cassytha pubescens CASS SP. 9 4 0 1 
5. Undershrubs: Aotus ericoides AOTUERlC 6 4 0 1 

Astroloma humifusum ASTRHUMl 36 2 0 0 
Epacris impressa EPACIMPR 13 4 0 1 
Lissanthe strigosa LISSSTRI 4 4 0 0 
Pultenaea daphnoides PULTDAPH 19 3 0 1 
P. pedunculata PULTPEDU 40 4 0 0 
P. gunnii PULTGUNN 12 4 0 1 
P. juniperina PULTJUNI 8 4 0 1 
Eriostemon verrucosus ERIOVERR 9 4 0 0 
Tetratheca glandulosa 1ETRGLAN 34 4 0 0 
Xanthosia pilosa XANTPILO 3 4 0 1 

6. Shrubs: Acacia genistifolia ACACGENI 39 4 0 0 
A. myrtifolia ACACMYRT 10 4 0 0 
Bursaria spinosa BURS SPIN 11 4 0 1 
Da viesia ulicina DAVIULIC 41 4 0 1 

7. Shrubs/ Acacia dealbata ACACDEAL 29 4 0 2 
Small Trees: A. mearnsii ACACMEAR 5 4 0 1 

Casuarina littoral is CASULITT 32 4 0 0 
Dodonaea viscosa DODOVISC 14 4 0 1 
Exocarpos cupressiformis EXOCCUPR 26 4 0 1 
Pomaderris elliptica POMAELLI 19 4 1 1 

8. Trees: Eucalyptus amygdalina EUCAAMYG 17 4 1 1 
E. globulus EUCAGLOB 15 4 0 1 
E. viminalis EUCA VIM! 33 4 0 1 



Table 5.3 Species assDciated with the extremes Dr each NMDS axis.*>33% of that 
species' cover occurs in the extreme third of populations; **>50%; ***>67%. Species 
codes are given in Table 5.1. 

Axis NegatiY. Positiy. AxIs NegatiY. Positiy. 

I 1cm:a lang*. li!pi 101t •• 3 li!pi 10lb. :air':a tltg •• 
micr stip. dOlnt pu!"p. 
sUp sp .•• dOlnt Stt:a ••• 

gonOl huc ••• dich !"u:a ••• 
htli obl:o •• micr stip. 
Opt!" vild. gonil buc. 'Wahl sp •••• 

COISS sp .• htli obco •• 
aotu eric ••• Opt!" VOId. 
tpac imp!". oxal co!"n ••• 

liss ski ••• pult gunn ••• stnt qUild ••• 
putt ptdu. pult juni ••• cus sp .•• 

x .. ntpilo··· bk glOln. xant pilo ••• 
bu!"s spin •• acOlc myd"" bu!"s spin •• 
acOlc mtu •• ilcac mu!"4." 
dodo vis c •• .xoc cup!" ••• dodo visc. 
tuca glob. tuca virni. 

2 diOln !"tvo. 4 lepi Mt •• del,lu sp .• 
loma long •• mic!" stip •• 
0Iir-0I .I.g-& ilOtU tric .••• tpilC imp!". 

dant sttil. d .. nt pu!"p •• putt gUM. putt dOlph ••• 
mic!" stip ••• deyusp .•• OIcacmllrt·· acac gtni. 

stip sp .• bu!"s spin • dodo visc. 
good lana ••• tXOC cup!". 

Opt!" vari~. hell obco •• 
sene qUild •• '" styl g!"OIm •• 

cus sp .• 
uk humi. tpOlC imp!"""" 
pult juni ••• xant pilo ••• 

bu!"s spin. 
COISS litt. 
dodo visc" 
pomOl .lIip. 

tUCOl glob •• 'UCOI vimi. 



Table 5.4 Classification of species and sites, using TWINS PAN. Presence of the 
species within a site is indicated by a ., absence by a -. E. risdonii was 
excluded from the classification, as were species that occurred in less 
than 3 sampling sites. Explanation of th1~ species codes is given in Table 5.1. 
Diagnostic species are in bold type and the level of division is indicated by the underlined 
gwup(s). 

Species code 

8 DICH RARA 
13 WAHL SP. 
20 OXAL CORN 
21 SENE QUAD 
12 HYPE GRAM 

3 LOMA LONG 
4 AlRA. ELEG 

28 LISS STRI 
27 ERID VERR 
37 'BURS SPIN 
42 0000 VIse 

6 DAN!' SETA 
19 OPER VARI 
46 EUCA GLOB 
16 GOOD LANA 
44 POMA ELLI 

Group la 
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Group Ib Group 2a Group 2b Species 
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• •• 
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Table 6.1 Untransformed univariate means of tbe measured morpbological 
cbaracters of populations, regions and for tbe species. For character 
descriptions, see Table 1.2, all units are mm. 

Population rL LW LWP BASE PEDU PEDI CAPL RIMW MAXW P1MW DISC 

HRH 52.48 34.67 12.59 22.39 12.59 2.34 7.08 6.46 7.94 2.07 0.44 
HTOI 40.74 34.67 8.91 25.12 12.59 2.34 7.59 6.92 8.51 2.50 0.77 
HRA 47.86 35.48 10.47 25.12 14.13 2.88 7.59 7.24 8.71 2.17 0.58 
HK 44.67 35.48 9.12 26.30 13.49 2.45 7.76 7.08 8.71 2.32 0.45 
Howrah 45.71 35.48 10.23 24.55 13.18 2.51 7.59 6.92 8.51 2.27 0.56 

MRlH 44.67 32.36 11.75 22.39 11.75 2.24 7.41 6.76 8.13 2.23 0.51 
MR 01 47.86 33.11 10.96 23.99 12.59 2.57 8.13 6.92 8.71 2.24 0.62 
MRSH 50.12 33.88 12.88 21.38 15.85 2 .63 7.24 6.76 7.76 2.06 0.37 
MRGH 52.48 37.15 13.18 24.55 14.13 2.40 7.08 7.24 8.32 1.94 0.26 
Meehan 48.98 33.88 12.02 22.91 13.49 2.45 7.41 6.92 8.13 2.12 0.44 
Ranges 
GHNH 43.65 31.62 10.47 23.44 15.49 3.02 8.51 7.08 8.71 2.09 0.61 
GHFH 37.15 31.62 8.71 25.70 10.23 2.04 6.61 7.08 7.94 1.75 -0.34 
GHOI 38.02 33.88 10.00 26.92 10.72 1.66 7.41 7.08 8.32 1.77 0.12 
GHH2 38.02 34.67 9.12 27.54 10.96 1.82 7.59 6.76 8.13 1.70 0.35 
Govern. 38.90 33.11 9.55 25.70 11.75 2.09 7.41 7.08 8.32 1.83 0.19 
Hills 
RVER 46.77 33.88 8.91 23.44 12.02 2.14 7.59 7.24 8.51 1.90 0.21 
RVH2 46.77 31.62 10.23 21.88 14.13 2.82 8.13 7.24 8.91 1.93 0.55 
RVID 50.12 34.67 11.22 24.55 12.02 2.19 7.59 7.08 8.51 1.72 0.49 
RVH4 51.29 32.36 12.02 21.38 12.88 2.69 8.32 6.92 8.51 2.17 0.85 
Risdon 48.98 33.11 10.47 22.91 12.88 2.45 7.94 7.08 8.51 1.93 0.52 
Vale 

Region rL LW LWP BASE PEDU PED! CAPL RIMW MAXW PIMAXW DISC 
Howrah 45.71 35.48 10.23 24.55 13.18 2.51 7.59 6.92 8.51 2.27 0.56 
Meehan 48.98 33.88 12.02 22.91 13.49 2.45 7.41 6.92 8.13 2.12 0.44 
Gov. Hills 38.90 33.11 9.55 25.70 11.75 2.09 7.41 7.08 8.32 1.83 0.19 
Risdon 48.98 33.11 10.47 22.91 12.88 2.45 7.94 7.08 8.51 1.93 0.52 

Grand rL LW LWP BASE PEDU PED! CAPL RIMW MAXWI'TMAXWD!SC 
Mean 45.71 33.88 10.47 23.99 12.59 2.29 7.59 7.08 8.32 2.02 0.40 



Table 6.2 Distribution of tbe total variance in E. risdo nii, based on tbe 
standardized leaf cbaracter set and on tbe standardized capsule cbaracter 
set. The significance of the variation at each level of the hierarchy is indicated. * P 
<0.05; ** P <0.01; *** P >0.001 

Character Region Population Site Tree Within Tree 
(% variation) d.f.=3 d.f.=12 d.f.=32 d.f.=319 d.f.=734 

LEAFPCl (42.0) 6.03 7.75** 3.09 41.54*** 41.59 
LEAF PC2 (36.9) 17.45* 16.23*** 5.08** 25.71*** 35.53 
LEAF PC3 (15.3) 14.03*** 0.00 5.46** 27.34*** 53.46 
LEAFPC4 (5.9) 1.51 4.38** 0.47 30.51* ** 63.13 
Total (100) 9.76% 7.09% 3.53% 31.28% 48.43% 

CAP PCl (35.0) 6.79 13.81** 12.78*** 47.61*** 19.01 
CAP PC2 (24.0) 1.80 4.57 4.89* 60.54*** 28.21 
CAPPC3 (15.7) 2.75 4.25 8.95*** 49.69*** 34.36 
CAP PC4 (8.6) 4.51 7.53** 4.48** 22.86*** 60.62 
CAPPC5 (8.0) 1.83 0.00 3 .27 35.38*** 59.52 
CAPPC6 (5.7) 7.34** 0.58 2.28 37.08*** 52.72 
CAPPC7 (2.7) 1.82* 0.00 5.34** 25.28*** 67.56 
Total (100) 3.83% 4.39% 6.00% 39.78% 46.00% 

Table 6.3 Distribution of tbe total variance in E. risd onii, based on tbe 
univariate morpbological data set. The full description of the character codes is 
given in Table 2.2.* P <0.05; ** P <0.01; *** P >0.001. 

Character Region Population Site Tree Within 
Tree 

LL 27.99** 12.68*** 3.73* 32.07*** 23.54 
LW 3.02 9.08** 3.21 43.05*** 41.63 
LWP 4.52 9.31** 6.94'* 22.43** 56.81 
BASE 8.55* 6.89*' 2.32 33.22*** 49.01 
PEDU 2.60 4.09 12.13** 57.60*** 23.59 
PEDI 4.74 12.06** 5.52** 30.76*** 46.93 
CAPL 1.95 10.73** 8.22** 50.65*** 28.45 
CRIMW 0.00 1.63 6.74** 53.02*** 38.61 
MAXW 3.96 3.60 10.90'* 54.56*** 26.97 
PIMAXW 11.51** 5.55* 3.73* 25.62*** 53.59 
DISK 5.37 12.45** 8.95*** 55.29*** 17.94 

6.70% 8.01% 6.58% 41.66% 37.00% 



Table 6.4 Standardized discriminant runction coefficients or tbe six cbaracters 
used in tbe eVA or tbe populations. 

OIarncler CVl (61.5%) CV2 (16.3%) CV3 (12.3%) 

Lamina length 0.51 0.50 0.18 
Lamina width 1.17 -0.53 -1.20 
Base -1.16 0.26 0.52 
Pedicel 0.60 -0.04 0.17 
Capsule length -0.72 1.04 0.19 
Pt. max. width 0.40 -1.00 0.67 

Table 6.5 Morpbological cbaracter means ror eacb population and ror eacb 
population cluster. 

Population lL LW LWP BASE PEDU PED! CAPL RlMW MAXW PTMW DISC 

GHOI 38.0 33.9 10.0 26.9 10.7 1.7 7.4 7.1 8.3 1.8 0.1 
GHH2 38.0 34.7 9.1 27.5 11.0 'l.8 7.6 6.8 8.1 1.7 0.4 
GHFH 37.2 31.6 8.7 25.7 10.2 2.0 6.6 7.1 7.9 1.8 -0.3 
MEAN 37.7 33.4 9.3 26.7 10.6 1.8 7.2 7.0 8.1 1.7 0.0 

HRH 52.5 34.7 12.6 22.4 12.6 2.3 7.1 6.5 7.9 2.1 0.4 
MRSH 50.1 33.9 12.9 21.4 15.9 2.6 7.2 6.8 7.8 2.1 0.4 
MRGH 52.5 37.2 13.2 24.6 14.1 2.4 7.1 7.2 8.3 1.9 0.3 
MEAN 51.7 35.2 12.9 22.8 14.2 2.5 7.1 6.8 8.0 2.0 0.4 

RVER 46.8 33.9 8.9 23.4 12.0 2.1 7.6 7.2 8.5 1.9 0.2 
RVID 50.1 34.7 11.2 24.6 12.0 2.2 7.6 7.1 8.5 1.7 0.5 
GHNH 43.7 31.6 10.5 23.4 15.5 3.0 8.5 7.1 8.7 2.1 0.6 
RVH2 46.8 31.6 10.2 21.9 14.1 2.8 8.1 7.2 8.9 1.9 0.6 
RVH4 51.3 32.4 12.0 21.4 12.9 2.7 8.3 6.9 8.5 2.2 0.9 
MEAN 47.7 32.8 10.6 22.9 13.3 2.6 8.0 7.1 8.6 2.0 0.5 

HK 44.7 35.5 9.1 26.3 13.5 2.5 7.8 7.1 8.7 2.3 0.5 
MR 01 47.9 33.1 11.0 24.0 12.6 2.6 8.1 6.9 8.7 2.2 0.6 
MR1H 44.7 32.4 11.8 22.4 11.8 2.2 7.4 6.8 8.1 2.2 0.5 
HRA 47.9 35.5 10.5 25.1 14.1 2.9 7.6 7.2 8.7 2.2 0.6 
MEAN 46.3 34.1 10.6 24.5 13.0 2.5 7.7 7.0 8.6 2.2 0.5 

HTOI 40.7 34.7 8.9 25.1 12.6 2.3 7.6 6.9 8.5 2.5 0.8 
MEAN 40.7 34.7 8.9 25.1 12.6 2.3 7.6 6.9 8.5 2.5 0.8 



Table 6.6 Distribution of tbe genetic diversity witbin and between populations of 
eucalypts of widespread, regional, and localized distribution (based on 
isozyme studies by Moran and Hopper 1987) and tbe pbenetic diversity 
witbin and between E. risdonii pop,dations. 

Between Within 
populations populations 

Widespread species 
E. grandis 12.0% 88.0% 
E. saligna 8.0% 92.0% 
E. cloeziana 11.0% 89.0% 
E. delegatensis 12.9% 87.1% 
Regional species 
E. caesia 61.4% 38.6% 
Localized species 
E.lateritica 12.6% 81.4% 
E.pendens 8.2% 91.8% 
E.johnsoniana 39.6% 60.4% 
E. suherea 13.7% 86.3% 

E. risdonii (leaf) 32.6% 67.4% 
E. risdonii (capsule) 15.2% 84.8% 
E. risdonii (transf.) 23.4% 76.6% 

Table 7.1 Tbe size of eacb sampled E. risdonii population. Population size is an 
overestimate, being based on the density of trees in the densest part of each population. 
Natone Hill (GHNH), for example is an extreme overestimate for only quadrats 
containing trees were sampled. 

Region Code Universal Area Population 
grid reference size 

E/W N/S (ha) ('OOOs) 

Howrah HRH 5345 52491 16.2 25.4 
lITO! 5341 52507 8.9 11.9 
lIRA 5330 52534 8.4 10.1 
HK 5326 52540 21.7 39.1 

Meehan MRTI! 5339 52556 14.0 29.4 
Ranges MROI 5323 52559 20.5 43.7 

MRSH 5326 52578 35.1 91.3 
MRGH 5338 52578 75.4 160.9 

Govem- GHNH 5280 52561 6.8 >1.0 
ment GHFH 5275 52575 13.3 20.8 
Hills GHO! 5270 52582 6.0 13.8 

GHH2 5269 52593 0.4 >1.0 

Risdon RVEH 5314 52597 16.2 38.9 
Vale RVH2 5295 52607 26.8 43.8 

RVH3 5298 52612 20.4 36.0 
RVH4 5298 52615 7.3 8.8 



Figure 2.1 (a) Leaf variables included in tbe morpbometric analysis, and 
(b) capsule variables included in tbe morpbometric analysis 
of E. risdonii. 
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Figure 3.1 Distribution or E. risdonii. Sampled populations are coded 
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Figure 3.3 Climatic variables recorded at ~isdon from 1957-1978: (a) mean daily 
maximum temperature, (b) mean daily minimum temperature, (c) 
frosts per montb, (d) rainfall, and (e) days witb > 0.1 mm of 
precipitation. 
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Figure 3.4 Surface wind speed and direction recorded at Risdon from 1957-1978. 
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Figure 3.5 The proportion of E. risdonii sites in the (a) aspect, (b) altitude, and 
(c) slope categories indicated. 
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Figure 3.6 Tbe proportion of E. risdonii sites in tbe (a) rock cover class, and (b) 
soil deptb categories indicated. 
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Figure 4.1 MeaD maximum deDsity of E. risdonii iD each sampled populatioD. 
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Figure 4.2 MeaD E. risdonii seedliDg regeDeratioD iD a 10 J: 10 m quadrat iD each 
sampled populatioD. 

'2 

'0 
S 
E 

Q B E 
D 

U 
A 

L D • 
I 

R 
N 

A. G 
S T 

I 
2 

0 
H H H HK 

RH TOI RA 
HR HR HR f'1R GH GH OH GH 
TH 01 SH GH NH FH 01 H2 

POPULATIONS 

RV RY RY RV 
EH H2 H3 H4 

Figure 4.3 MeaD miDimum size of E. risdonii IigDotubers iD eacb sampled 
populatioD. 
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Figure 4.4 Average heigbt or the dominant E. risdonii in eacb sampled population. . 
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Figure 4.5 MeaD largest E. risdonii IigDotuber iD each sampled populatioD. 
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Figure 5.1(a) Ordination of sites based on floristic analysis by NMDS. Sites from 
eaohregion are as follows: Howrah ~), Meehan Ranges "),Oovemment Hills ~). 
and Risdon Vale .). 
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Figure 5.2 Dendrogram of tbe floristic relationsbip between E. risdonii sites. 
Clustering was derived from TWINSPAN. 
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Figure 5.3 Dendrogram of the floristic relationship between E. risdonii 
populations. Clustering was derived from TWINSPAN. 
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Figure 5.4 Geographical distribution of the sampled E. risdonii sites (bottom, 
centre, and top), based on the TWINSPAN classification. 
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Figure 6.1 Canonical variates ordination or tbe E. risdonii populations based on 
tbe regional grouping. Vectors indicate the direction and weighting of characters 
on the discriminant functions. CVl and CV2. >I< indicates the group centroid of each 
region: H=Howrnh. M=Meellan Range. G=Govemment Hills, R=Risdon Vale. 
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on the population grouping, with ideograms or the capsule characters 
dominating axis 2. Vectors indicate the direction and weighting of characters on 
the discriminant functions, CV 1 and CV2. H=Howrah. M=Meehan Range, 
G=Govemment Hills, R=Risdon Vale. 

~ 2.25 A 

"'. R R 

'" CAPL G -~ R 
N G " .. 0 G 
u BASE 

G 

-2.25 LW 

H 

-4.5 

-. -0 -3 0 3 0 

CV I (61.5~) 



Figure 6.3 Dendrogram using siulHe 
linkage clustering of tbe 
regions based on the 11 
morphometric cbaracters. 
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Figure 6.4 Dendrogram from Ward's minimum sum of squares clustering of 
populations. Population codes correspond (0 those in Table 1.1. 
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Figure 6.S Mean fruit and leaf morphotypes for each population cluster. 
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Figure 6.6 Tbe distribution of the five clusters of populations, grouped using 
Ward's minimum sum of squares method. 
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Figure 7.1 ClassiricatioD of the floristic variatioD betweeD sampled E. risdonii 
populatioDs, based 00 TWINSPAN. 
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Figure 7.2 ClassificatioD of the phenetic variatioD between sampled E. risdonii 
populatioDs, based on Ward's minimum sum of squares clustering 
derived from discriminant analysis. 
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Figure 7.3 Summary or the ecological and phenetic diversity or sampled 
populations of E. risdonii. Populations are classified imo phenetic and ecological groups on [he 
basis of the phenetic and floristic classifications-shown above. Shaded populations t:D occur on 
Down Land or land under the conttOl of the local govc:mment 
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Figure 7.4 The area or E. risdonii (a) in each region, and (b) on Crown land. 
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Figure 7.S E. risdonii populations • on Crown LandiEI . 
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Figure 1.6 Tbe mfnfmum geograpbical distance between E. risdonii populations, 
based on single linkage. 
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