
CHAPTER 1.

INTRODUCTION

1.1 INTRODUCTION

The practice of large-scale clearing of vegetation to provide for a burgeoning global

human population, has instigated extensive scientific interest aimed at disentangling the

consequent effects imposed on communities, populations and individual species. The term

most commonly used to describe the physical alteration of landscapes that undergo thi

process is "fragmentation". Fragmentation is broadly defined as "the subdivision of originally

continuous habitats into smaller more isolated patches" (Aguilar & Galetto 2004) and

variations on that theIne (Jennersten 1988; Young et of. 1996; Nason & Hamrick 1997;

Warburton et of. 2000; Jacquemyn et of. 2002). Many components of the landscape and

ecological processes can be affected by fragmentation. For example, changes in water regime,

radiation, and wind within the altered landscape can have diverse effects on local biota

(Saunders et of. 1991) including the response of pollinators to altered habitat quantity and

quality (Aizen et of. 2002). Since overall species richness and abundance can be negatively

affected (Jennersten 1988), the maintenance of complex interactions paramount to ecosystem

function are likely to be affected also. Indeed Bond (1994) conveys the possibility of a

cascade of extinctions should these intricate interactions be compromised by, among other

threats, human-induced habitat alteration. The decimation and/or fragmentation of habitats is

one of the leading threats to biodiversity and biodiversity loss in turn, may compromise

ecosystem function (Steffan-Dewenter & Tschamtke 1999; Harris & Johnson 2004). In light

of this (and the generally held belief that habitat loss and landscape fragmentation are crucial

factors in driving a global mass extinction event), it is not surprising that fragmentation

oriented research is considered to be of high priority (McGarigal & Cushman 2002; Rossetto

2006).

According to Haila (2002), the concept of fragmentation came to be embedded in

ecological theory in the 1970s, largely as a response to MacArthur & Wilson's 1967

publication, The Theory of Island Biogeography; the research approach at this time was

subsequently shaped by an equilibrium theory perspective. Since the 1980s, the empirical

approach to fragmentation studies has departed from a biogeographical equilibrium paradigm



and now recognises a broader approach, embracing the issues of spatial and temporal diversity

across a variety of scales (Haila 2002). Indeed, Fahrig (2003) points out that the

"fragmentation" construct has been rather loosely adopted by researchers and studies are

approached from a variety of perspectives, encompassing isolation, connectivity, patch size

and population size. Despite the great deal of attention that has been given over to

fragmentation studies (both theoretical and empirical) over the past 15 years, the mechanisms

that influence ecological responses in these systems remain unclear (McGarigal & Cushman

2002).

A notable proportion of the fragmentation literature investigates the effect of

"population size" on plant fecundity (e.g. Oosternleijer et af. 1994; Fischer & Matthies 1998;

Severns 2003). Compared to their larger counterparts, populations with few individuals are

expected to be more susceptible to stochastic demographic and environmental events

including those related to edge effects and genetic processes such as reduced gene flow and

genetic diversity (Kolb 2005; Rossetto 2006). In addition, interruptions to plant-pollinator

mutualisms in slnall populations may result in the reduction of both pollen quantity and

quality (Kery et af. 2000), which has been implicated in reduced reproductive output for a

number of plant species (e.g. Jennersten 1988; Agren 1996; Fischer & Matthies 1998; Morgan

1999; Severns 2003; Brys et af. 2004; Mtinzbergovcl 2006).

There is convincing evidence that floral visitation rates, pollen deposition and plant

reproduction in small natural populations can be comprOlnised, but there are examples in the

literature where the effect is either neutral or opposite (see Kirchner et af. 2005). It may be

that results from population size studies are misconstrued because of the confounding effect of

local density, which is not always factored in by researchers. This is a problem because

natural populations that are small can also be intrinsically sparse (Kunin 1997) and strong

correlations between population size and density have been found (e.g. Agren 1996).

Furthermore, clarity regarding terminology often used in the literature is warranted here.

Studies that investigate fragmentation effects on plant reproductive success and/or pollination

often approach the lneasurement of abundance in two main ways. The term "density",

according to Kunin (1997), is often applied in a broad manner that departs from its strict

definition, i.e. the number of individuals per unit area. "Local density" which describes how

individuals are arranged in tenns of the spacing between them should be distinguished from



"population/patch size", which describes the number of individuals in a given population. It is

ilnportant to make this distinction, as pollination studies that use the density parameter in its

strict sense, more often than not find reproduction to be negatively affected with sparsity as

opposed to studies based on population size which can produce less consistent results (Kunin

1997).

Researchers that experimentally manipulate density and population size often find

relationships between response parameters (such as visitation rate and reproductive output)

and density, irrespective of population size. For example; Kunin's (1997) study of Brassica

kaber revealed strong effects of density but not population size on reproduction and visitation,

outcrossing rates were positively related to density (and not population size) for Salvia

pratensis (Van Treuren et af. 1993) and seed set increased with density in experimental

populations of Trillium grandiflorum (Knight 2003). Although field studies are somewhat less

common (Kery et af. 2000) these trends have similarly been revealed in natural populations

and at very small scales, such as in the case of Lesquerella fendleri reproduction which was

found to increase with density down to a scale of <1 m (Roll et af. 1997). Overall, local plant

density has been implicated in regulating floral visitation rates (Chapter 4), which may

subsequently impact on plant reproduction (Chapter 5) and fitness (Chapter 6). In addition, a

further consideration must be taken into account when deliberating the extent to which the

resilience and persistence of plant species persisting in fragmented landscapes can be affected

i.e. the breeding system/s of the plant species under investigation (Chapter 3).

Several authors have reviewed the degree to which generalisations can be made

regarding plant responses to fragmentation based on the parameters of breeding system,

pollinator specialisation and the influences of density. Aizen et af. (2002), aiming to

investigate common assumptions regarding plant reproductive responses to fragmentation,

qualitatively assessed 46 species studied in the literature, which they classified as self

compatible or self-incompatible and as pollination generalist or specialist species. Their

overall conclusion was that "no generalisations can be made on susceptibility to fragmentation

based on compatibility system and pollination specialisation". In addition, Ghazoul (2005a)

found no influence of breeding system on the vulnerability of plants to Allee effects in

fragmented systems. A very recent review has however countered these findings. Aguilar et

af. (2006) maintain that the "vote counting" method, (which calculates proportions) utilised in



the reVIews by Aizen et al. (2002) and Ghazoul (2005a) offers limited statistical power.

Rather than assessing the literature in this qualitative manner, Aguilar et al. (2006) undertook

a meta-analysis approach, treating results as entities that are subject to saJl1pling uncertainty,

resulting in a more powerful tool for addressing a wider variety of hypotheses in terms of the

magnitude, direction and variability of effects; their conclusions were distinct from those of

Aizen et al (2002) and Ghazoul (2005a). Aguilar et at. (2006) assessed 89 plant specie

encompassing a variety of life forms from a range of systems. Overall, they found sexual

reproduction to be negatively influenced by fragmentation and that the main explanatory

variable was compatibility systell1. Other variables, including pol1inator specialisation, were

not good indicators of a plant's susceptibility to fragmentation in terms of reproduction.

According to Aguilar et at. (2006) there are considerations that must be addressed which

would serve to increase the robustness and efficacy of future research into the

reproduction/fragl11entation paradigm. The tendency of researchers thus far to include rare or

threatened herbaceous perennials and self-incompatible trees in fragmentation studies may be

serving to overestimate the effects of fragmentation on angiosperm reproduction (Aguilar et

at. 2006). The authors indicate the need for researchers to undertake multiple species,

multiple season studies and that the choice of common species should also be considered, to

al1eviate difficulties associated with research bias. Hobbs & Yates (2003) also conveyed the

importance of these factors and others, including the need to consider the influences associated

with variation in local habitat conditions, tell1poral variation al110ng contributing factors and

the importance of fecundity to the demography of populations.

A further consideration in studies that investigate plant reproduction and fitness is the

selection of appropriate performance indicators. Reproductive output is most commonly

assessed quantitatively by measuring fruit and seed set. However, fruit set is meaningful only

if related to flower production, thus the result is a ratio of the number of fruits produced per

flower (FR: FL). This ratio is informative, but since fruits can be variably successful in terms

of seed production, a more robust indicator of reproductive output is seed output as related to

the number of fruit produced i.e. a seed to fruit ratio (S: FR); this is especially important in

species possessing multiple ovules. Ultimately, both fruit and seed production is influenced

by other factors including predation and the incidence of abortion. Therefore, the impacts of

these influences should be considered when interpreting results and ideally, net reproductive



output is measured as a seed to flower ratio (S: FR). However, reproduction should be further

quantified; therefore fitness attributes of progeny are measured by assessing seed viability and

germinability, and seedling survivorship and growth rates. Naturally, visitation rates and the

quantity and quality of pollen load that visitors carry (coupled with the breeding system of the

plant species in question) is influential to fruit and seed set, thus relationships between the

activities of pollen vectors and subsequent reproductive output are important.

1.2 THESIS AIMS

This dissertation focuses upon small-scale within population effects of local density

(sparse versus dense) on plant-pollinator interactions, plant reproductive success and offspring

fitness within natural populations occurring in a fragmented landscape. Anticipating the need

for mUlti-species studies in line with those recently suggested by Aguilar et al (2006), the

present study employs a comparative approach that investigates three species residing at three

points along the breeding system spectrum; Dillwynia sieberi (Fabaceae), an obligate

outcrossing shrub, Wahlenbergia luteola (Campanulaceae), a facultative outcrossing herb and

Thesium australe (Santalaceae) a hemiparasitic herb which displays high levels of selfing.

Three broad questions are addressed;

1. Is visitation rate and visitor behaviour influenced by local density? If so then ...

2. Does this regulate plant fecundity and fitness? And ...

3. To what degree does breeding system influence fecundity and fitness responses?

An overview of the approach and scope of the thesis and expected outcomes is outl ined in

Figure 1.1. Central to the schematic is the concept that plant species resilience and persistence

in fragmented landscapes will be differentially influenced by their relative dependence on

pollen vectors, which is in turn related to their position on the breeding system "spectrum".

Measurable performance indicators associated with floral visitation, reproductive output and

offspring performance are used to assess density-related responses of the three species. The

expectation is that the response of species that are independent of pollen vectors is likely to be

neutral and independent of density. Those species that are dependant on pollen vectors will be



greatly affected at low densities as a result of reduced pollen quantity and quality, which is

regulated by pollinator behavioural responses to density.

1.3 THESIS OUTLINE

• The present chapter: begins by briefly introducing fragmentation theory and concepts

and the effects of density on plant reproduction and fitness. Additionally, it deals with

background information relating to the study species utilised, the region in which the

project was undertaken, and statistical approaches.

• Chapter 2: details the establishment of experimental plots used in the study and their

density and habitat characteristics.

• Chapter 3: investigates the breeding systems of the three study species using field

experiments and pollen to ovule ratio techniques.

• Chapter 4: floral visitors are identified and their activities assessed with regards to

density.

• Chapter 5: evaluates the reproductive output of the three species as related to density.

• Chapter 6: investigates the influence of density on offspring fitness.

• Chapter 7: presents a synthesis of the findings and conclusions.
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Figure 1.1 Overview of concepts and approach to the study.



1.4 BACKGROUND TO STUDY SPECIES

1.4.1 Thesium australe R. Br (Santalaceae)

Thesium australe (Austral toad-flax (Figure 1.2) is an ephemeral perennial native to

southeast Asia and the eastern seaboard of Australia. It is a root-hemiparasite, most notably

on Themeda australis (Kangaroo Grass) (Griffith 1992). In Australia T. australe is currently

listed as nationally vulnerable (ROTAP 3Vi+) (Briggs & Leigh 1996) and vulnerable at the

state level under the NSW Threatened Species Conservation Act 1995 (Cohn 2004). Thesium

australe populations have been compromised by extensive habitat modification and

fragmentation (Cohn 2004). Despite its vulnerable status, it has also been recorded as a pest

species, parasitising sugar cane in Australia (Riches & Parker 1995).

Thesium australe is the sole representative of its genus in Australia, which comprises

c. 245 spp. worldwide (Wiecek 1992). It is currently known to persist in Queensland, New

South Wales and Victoria; albeit at apparently reduced levels compared with its historical

presence (Gross et af. 1995) (Figure 1.2). It was also collected in Tasmania in the 1800s, but is

now presumed extinct in that state (Archer 1984; Gross et af. 1995). Thesium australe can be

found across a wide ecological range, frOln coastal headland habitats to frost prone areas at

high altitude (as in this study). Within these environments it is confined chiefly to grasslands

and woodlands where Themeda australis is a dominant component of the vegetation (Griffith

1992; Cohn 2004). It also often favours damp conditions (Wiecek 1992). Thesium australe is

considered to be a perennial (Wiecek 1992) however, it is not known how long individual

plants may live and there is some indication that it may be an annual or biennial species in

some environments (Griffith 1992). On the New England Tablelands (N.E. Tablelands), New

South Wales (NSW) it dies back to a crown over winter from which new growth resprouts the

following season and should therefore probably be considered at least ephemeral perennial in

this region (pers. obs).

Thesium australe is palatable to a number of grazing animals including sheep, cattle

and kangaroos (Griffith 1992). Many populations persist on travelling stock routes (TSRs) in

NSW, thus placing populations at risk from grazing. However, there is evidence that properly

conducted slashing of T. australe habitat may benefit recruitlnent by serving to reduce



competition with Themeda australis (Cohn 2004). Thus, moderate grazing may actually be

beneficial to T. australe.

Botanical Description of T. australe according to Wiecek (1992).

"Erect perennial herb to 40cm high, pale green to yellowish green, glabrous;

stems I-several, little-branched, wiry, striate. Leaves linear, usually I-4cm long,

0.5-I.5Ium wide, apex acute, midrib decurrent, sessile; lowest leaves scale-like.

Flowers solitary, axillary, green-yellow; peduncle I-3mm long, subtended by

leaf with two opposite bracteoles; pedicel very short. Receptacle cup-like to

globose, 1mm long. Tepals oblong, I-I.5mm long, finely keeled, green with

white margins. Style 1mm long. Fruit ± globose, 2-2.5Ium diam., reticulate

striate, ± glaucescent, crowned with persistent tepals"

1.4.2 Wahlenbergia luteola P.J. Smith (Campanulaceae)

The Campanulaceae comprise 35 genera worldwide and approximately 600 spp;

Wahlenbergia is one of two genera that occur in Australia. Of the approximately 200 species

of Wahlenbergia known worldwide, 26 species occur within Australia and 21 species are

endemic (Smith 1992a). Wahlenbergia (native bluebells) is represented in all Australian states

with the study species, Wahlenbergia luteola (Figure 1.3), confined to New South Wales,

Victoria and South Australia (Figure 1.3) (Smith 1992a). Wahlenbergia luteola is a common

species within its range, particularly favouring grasslands, woodlands and roadsides on the

ranges and inland regions (Smith I992a). It is a common sight along footpaths and road

verges both within the urban limits of Armidale and along country roadsides throughout the

N.E. Tablelands. Although W luteola is capable of flowering throughout the year (Smith

1992b), flowering on the N.E. Tablelands has been observed to comluence in October and

persist for several months. Notable in Wahlenbergia is the presence of pollen-presenting hairs

(see Carolin 1960; Lloyd & Yates 1982) on the surface of the upper style, which collect pollen

shed by mature anthers whilst the flower is in bud, thus conferring protandry to the genus

(Smith I992b) (discussed further in Chapter 3).



Botanical Description of W. luteola according to Smith (1992a).

"Perennial tufted herb, 6-80cm high, branching below the inflorescence, glabrous

or sometimes sparsely hirsute. Leaves opposite, becoming alternate up the stem,

linear, 4-60mm long, 1-4mm wide, apex acute, margins flat, entire, or with small

callus teeth, glabrous or sometilnes lower leaves sparsely hirsute. Flowers in

cymes. Sepals 3-8.5mm long. Corolla blue inside, white, often with a yellowish

brown wash outside; tube 2-5mm long; lobes 5-12mm long, glabrous".

1.4.3 Dillwynia sieberi Steud. (Fabaceae-Faboideae)

The Faboideae comprise c. 500 genera worldwide, c. 140 of those occur in Australia,

represented by around 1100 spp. The genus Dillwynia is endemic to Australia and comprises

c. 40 spp (Weston & Jobson 2002). Dillwynia sieberi was previously included in D.

juniperina but is now distinguished according to Albrecht & Crisp (1993) as follows;

"D. juniperina: Most leaves widely spreading or declinate, sessile; new growth

with an indumentum of short appressed and longer diverging trichomes.

D. sieberi: Most leaves ascending to widely spreading, rarely declinate, with a

short yellowish petiole 0.4-1.2mm long; new growth with an indumentum of

short appressed trichomes or rarely also with longer diverging trichomes".

Work published by Gross (2001) (referred to in this dissertation) on D. juniperina was

conducted on the species recognised here as D. sieberi.

Dillwynia sieberi (Figure 1.4) is found across three states in Australia; it is widely

distributed throughout New South Wales but is confined to the south-east region of

Queensland and to the Macalister River catchment in Victoria (Albrecht & Crisp 1993)

(Figure 1.4). It is typically found in dry Eucalyptus woodlands, but can also be found in moist

sclerophyll forests (Albrecht & Crisp 1993). On the N.E. Tablelands, it persists mainly on

roadside TSRs and reserves.

Botanical Description of D. sieberi according to Weston & Jobson (2002).

"Erect shrub 0.5-2.5m high; stems with a short appressed pubescence. Leaves

rigid, linear, trigonous, widely spreading to ascending, 7-20mm long, apex

acuminate and pungent-pointed with point 0.5-1.5mm long, usually glabrous;
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petiole yellowish, OA-l.2mm long. Inflorescences racemose, up to 2.5cm long,

terminal, with basal flowers often subtended by leaves; bracts 1.O-1.5mm long,

often minutely pungent, the lowermost often leaf-like, pubescent; bracteoles

O.75-1.0mm long, pubescent. Calyx 3-5mm long, hairy, lower teeth much

shorter than the tube, lower teeth occasionally minutely pungent. Standard 5.5

9mm long. Pods c.5-6mm long; seeds smooth".

Figure 1.2 Thesium australe a) habit (arrow indicates T. australe flowers) b) flowers and
c) distribution (adapted from AVH (2006)).

Figure 1.3 Wahlenbergia luteola a) habit b) flower and c) distribution (adapted from
AVH (2006)).
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Figure 1.4 Oil/wynia sieberi a) habit (scale approximates size of shrubs in foreground)
b) flowers and c) distribution (adapted from AVH (2006)).

1.5 BACKGROUND TO THE STUDY REGION

The Northern Tablelands spans the great Dividing Range in the north east of New

South Wales and is approximately bounded by the latitudes 28° - 31 oS and longitudes 151 0

152°E (Figure 1.5). Within this area is the southern New England Tablelands region, which

comprises four local government areas (including Armidale-Dumaresq, Guyra, Uralla and

Walcha); the city of Armidale is centrally located within the 1.8 million ha region (SOE

2004). Elevation can reach 1400m, but averages c. 800m (Alford et al. 2006). Generally, the

area experiences moderate summer temperatures and cold winter conditions with frequent

heavy frosts and occasional snow. Rainfall is predominantly a summer event (Alford et al.

2006) and usually averages c. 800 mm annually. The Northern Tablelands experienced

below and well below average precipitation for many individual months during the study

period (2003-2005). The area was drought-declared for most of the study period.

Precipitation and temperature data for the study period (2003-2005) are presented in Figure

1.8.



Prior to European settlement, which was initiated during the 1830s, the vegetation of

the tablelands comprised eucalypt woodland with a grassy understorey (McIntyre & Barrett

1992). It was during the period of 1860-1900, when legislation relating to land ownership was

initiated in New South Wales (The Robertson Land Acts of 1861), that more extensive

settlement took place (Smailes & Molyneux 1965). This period was marked by the onset of

"land battles" between pastoralists and new settlers. The abuses of the legislation and

machinations that ensued, apart from having various socio-economic repercussions, were

instrumental in promoting extensive land clearing for agriculture. It was also during this

period that land was surveyed and partitioned (more often than not in an ad hoc fashion) for

more urban uses. The result was a landscape consisting primarily of cleared paddocks which

were interspersed by crown land reserves and a network of travelling stock routes (TSRs)

(Lunt & Spooner 2005). Thus, it is the historical activities of this era that generated the

landscape that is evident today. To date, some 650/0 of the southern N.E. Tablelands has been

cleared of its woody vegetation (SOE 2004) and given over to agricultural uses, mainly

grazmg.

Travelling stock routes play a valuable role on the N.E. Tablelands, both from an

agricultural and environmental perspective. Although the area is considered to be a zone of

relatively high rainfall, pasture production can be severely limited by frequent drought and the

duration of frost periods during the winter months (Alford et af. 2006). It is not unusual

therefore, for graziers to utilise travelling stock routes (TSRs) when pasture resources have

been depleted. Sheep and cattle production is the region's agricultural mainstay, having been

bolstered by the advent of pasture improvement mechanisms (such as the application of

superphosphate and the introduction of exotic pasture species) that arose during the 1950s

(Alford et af. 2006). These activities have greatly contributed to the infamous phenomenon

of "New England dieback", where the relatively few remaining trees in the landscape are

struggling to cope with the stresses brought about by the manifold alterations that have

perpetuated biological imbalances in the system (Lowman & Heatwole 1993). In light of this,

TSRs in the region are considered to be of high conservation value. Travelling stock routes on

the New England Tablelands are important sources of original grassy vegetation (McIntyre &

Barrett 1992) and intact tree cover (both regenerating and old growth) (Williams & Metcalfe

1991), thus providing; sources of locally adapted seed, habitat for fauna reliant on tree



hollows, local birds and animals with a means of dispersal throughout the landscape and,

refuges for rare plants and animals. Travelling stock routes and roadside reserves on the

tablelands support a number of unCOlnmon species including several that are rare or threatened

(see McIntyre et af. 1993); indeed, the vulnerable Thesium australe, one of the focal species in

this study, persists mainly in these areas.

1.6 BACKGROUND TO STUDY SITES

Sites for all study species were situated on the New England Tablelands near the towns

of Armidale and Guyra (Figures 1.5 & 1.6). Potential site infonnation came from existing

research programs by C.L. Gross and relevant documentation including herbarium records.

This infonnation was used to direct searches by car and foot throughout the area. Site choice

was based on whether sites possessed enough adult individuals of the study species to ensure

adequate within site replication. As far as possible, populations that existed within structurally

similar habitats were chosen in an attempt to reduce among-site environmental variability.

Study sites occurred on travelling stock routes (TSRs) along roadsides with two exceptions

that were under private or local government tenure (Table 1.1).

Potential sites for T australe were surveyed using published information by Gross et

af. (1995) and personal discussions with the same. The site used by Baker (1998) was also

assessed. Many sites were earmarked for use during the course of selection, but were often

rendered unsuitable as T australe populations proved transient across years; probably due to

drought conditions present on the Tablelands during the study period and/or the intrinsically

ephemeral nature of T australe populations. Study sites were eventually established at

Aberfoyle Rd (ABR) (Figure 1.7) and Black Mountain Cemetery (BM) (Figure 1.7). The BM

site yielded little data as the area was rendered unusable for the second year of the study

because of damage by heavy machinery. A third site, Moray (MOR) was established after T.

australe was discovered there during the course of work on D. sieberi. Therefore, data for this

species came mainly froln ABR and MOR. Wahlenbergia luteola sites were established at

POW, OAR and UNE (Figure 1.7) and D. sieberi sites at POW (Figure 1.7), MOR

(Figure 1.7), and OAR (Figure 1.7).



Table 1.1 Overview of Thesium australe, Wahlenbergia luteola and Oil/wynia sieber;
sites used in this study.

Site Name Study Map Reference Altitude
Land Tenure(Abbrev.) Species (all maps are 1:25 000) (m asl)

Powalgarh O. sieberi
Guyra-9237-4-8

(POW) W.luteola
30° 09' 82" 8 1,270 Crown Reserve (T8R)

151 ° 36' 06" E

Guyra-9237-4-8

Moray (MOR)
O. sieberi 30° 08' 70" 8

1,227 Crown Reserve (TSR)T. australe 151 ° 34' 80" E

Guyra-9237-4-8
Old Armidale O. sieberi 30° 30' 11" S

1,220 Crown Reserve (TSR)
Rd (OAR) W.luteola 151 ° 39' 45" E

University of Dumaresq-9237-3-8
New England W.luteola 30° 29' 00 " 8 1,070 Private

(UNE) 151 ° 38' 35"E

Aberfoyle Rd
T. australe

Bald Blair-9237-1-8
1,318 Crown Reserve (T8R)

(ABR) 30° 14' 32" 8
151°51'59"E

Black
Local Govt.

Mountain
Black Mountain-9237-3-N (Armidale- Dumaresq

Cemetery
T. australe 30° 14' 32" 8 1,320 Council)

(BM)
151 ° 51' 59" E



Figure 1.5 The study region within Australia (insert) and a landscape view of the six study sites (marked with +).
(Source: GoogleEarth 9/10/2006).
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Figure 1.6 The study sites (marked with +) and their immediate surroundings a) University of New England (UNE) b) Black
Mountain Cemetery (BM) c) Aberfoyle Rd (ABR) and d) Powalgargh (POW), Moray (MaR) and Old Armidale Rd (OAR)
(Source: GoogleEarth 9/10/2006).
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Figure 1.7 Study sites- inserts indicate plant species studied at that site
a) University of New England (UNE) b) Black Mountain Cemetery (BM) c)
Aberfoyle Road (ABR). T.a =T. australe; W. I =W. luteola. (cant. over page).
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Figure 1.7 cont. Study sites-inserts indicate plant species studied at that
site d) Powalgargh (POW) e) Moray (MOR) and f) Old Armidale Road
(OAR). T.a =T. australe; W. I =W. luteola; D.s =D. sieberi.
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Figure 1.8 Mean precipitation (mm) recorded at a) Armidale & b) Guyra weather stations
and mean maximum and minimum temperatures (OC) for c) Armidale & d) Guyra weather
stations (Source: Australian Bureau of Meteorology, 2006).




