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ABSTRACT 

A review of the literature examined other studies in Australia concerning the conservation and 

management of urban bushland. Aspects of anthropogenic disturbance and fire regimes, and resultant 

weed invasions are also reviewed. A description of the physical environment of the Star Swamp 

Bushland Reserve is provided, together with an introduction to the use of the GIS ARC/INFO in a 

number of the research projects. 

Anthropogenic disturbance and fire regimes for the Reserve are detailed for the period 1948-1987. 

Areas severely disturbed by over-grazing or clearing are mapped along with the Reserves extensive 

network of tracks and access points. Fire regimes have changed from widespread fires to a pattern of 

smaller ones. The average number of fires for the Reserve is calculated to be 8-9 over the study 

period. The average fire-free period at the reference sites is 4.5 years and the probability of a fire 

occurring after this time is predicted to be greater than 0.5. 

Five plant community groups are defined and mapped as S w a m p Paperbark, Bottlebrush, 

Macrozamia, Mixed Banksia and Mixed Eucalypt. Ten plant sub-community groups, defined from 

the community groups, are also presented. A relationship between sub-communities and elevation is 

shown and also to a lesser degree for aspect. 

Fire regimes are primarily responsible for compositional changes in plots during the study period. A n 

analysis of three years of plot samples (198 samples) showed that species richness and to a lesser 

extent fire regime variables were correlated with changes of the plots' position in an ordination 

diagram. Species are arranged according to fire response and weediness on the species ordination. 

Native species largely determine the plant community into which the sample plots fall and their 

response to disturbance, although many weed species influence patterns of change in the plots, 

particularly degraded ones. 

Canopy cover of Tuart (Eucalyptus gomphocephala) woodland at Star S w a m p has sharply declined 

from nearly 3 0 % in 1953 to about 4 % in 1988. Unless fire regimes are altered tuart canopy will 

continue to decline. 

Pulling, a manual weed control treatment significantly reduces the biomass of Pelargonium capitatum 

and Gladiolus caryophyllaceus but not Ehrharta calycina and Homeria flaccida. Cutting is only 

effective on Pelargonium capitatum. 

In light of these results implications for the Reserve's Management Plan are discussed. Reduction in 

the number of fires is central to conservation of tuart and overall reduction in weed invasion. 

ARC/INFO is a useful tool in monitoring vegetation with benefits for reserve management. 
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1. REMNANT NATIVE VEGETATION IN URBAN AREAS OF AUSTRALIA: 

A REVIEW OF LITERATURE AND RESEARCH TECHNIQUES 

1.1 Introduction 

1.1.1 Background 

The development of Australian cities has resulted in widespread clearing and exploitation of 

the native vegetation on major coastal river-plains. These include the Swan River in Perth 

(Seddon 1972), the Yarra River in Melbourne (Buchhorn et al. 1989) and Port Jackson in 

Sydney (Benson and Howell 1990a). However, many remnants of native vegetation remain 

in cities and towns and are now an important part of the urban landscape. These remnants 

have been either preserved for recreation (Main and Serventy 1957; Kirkpatrick 1986) or 

remain undeveloped because the land is unsuitable for house construction (Swarbrick 1987). 

In Perth, residential development consumes the largest amount of land including wetlands 

and banksia woodlands (Poole 1989). In outer urban areas housing developments planned for 

remnant vegetation attract much controversy (Burns 1993). 

Historically, landscape and vegetation was perceived as a barrier to European settlement in 

Australia (Audas 1950). This view remains widespread today (Buchanan 1989). The early 

settlers found it difficult to utilise the harsh vegetation; the 'bush' bore little resemblance to 

the English countryside, and they were not equipped to manage it (Appleyard and Manford 

1979; Buchanan 1989; Benson and Howell 1990b). Surveying and clearing the land for 

settlement and later agriculture was generally unsympathetic to future conservation and 

planning needs. 
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Settlers were reliant on raw materials (e.g. firewood) from the 'bush' for their survival in the 

early years of colonial Australia (Audas 1950; Appleyard and Manford 1979); construction of 

buildings used timber sawn from locally felled native trees (Benson and Howell 1990b) and 

rock quarried nearby (Seddon 1972; Carson 1983). 

The open nature of native woodlands provided readily accessible pasture for grazing stock, 

before the development of agricultural land further away from the new settlements. This 

remained an important feature of native vegetation remnants in urban areas until early this 

century (North Beach Historical Society 1978). Evidence of these activities in the form of 

tracks and clearings can still be seen in urban remnants (Seddon 1972). 

Today, many activities formerly seen as 'development and proper usage' (e.g. removal of 

gravel, native plants and timber for firewood) are n o w seen as negative activities (see 

Swarbrick 1987). Remnants of native vegetation in urban areas continue to attract similar 

types of activity (e.g. dumping of garden refuse and old cars, Pigott 1986). Remnants also 

provide a refuge for undesirable vermin, such as foxes. Most wildfires in urban reserves are 

deliberately lit, increasing the periodicity and intensity of fire (Wycherley 1984), and causing 

a major threat to life and property (e.g. fires around Sydney, Morfesse and Salome in The 

West Australian, Jan. 11, 1994). 

Urban vegetation remnants in Australia therefore, represent a legacy of recent historical and 

contemporary events in which various forms of disturbance have, and continue to influence 

the structure and composition of the native vegetation. In the remainder of this chapter topics 

related to the conservation of urban bushland remnants are explored; aspects of urban 

bushland description are outlined, and the major forms of disturbance are reviewed in detail. 

Finally the specific aims of this thesis are introduced. 

1.1.2 Definitions 

The term 'bush' is likely to have had its origins at the time of early European settlement when 

used to describe Australian vegetation (see Hallam 1975). The use of this term has continued 

to describe native flora as a whole, particularly where the vegetation is not normally 

described as forest (see Audas 1950). 
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'Bushland' is a colloquial term that has been used in a variety of publications dealing with 

the documentation, conservation and management of remnant native vegetation in Australia 

(e.g. Audas 1950; Thomson 1986; Hussey and Wallace 1993). It has also been specifically 

used in reference to remnants of native vegetation in urban Australia (e.g. Bradley 1971; 

Kirkpatrick 1986 and Buchanan 1989). 

In the Northern Hemisphere, remnant vegetation is usually referred to as forest or given a 

similar structural description. In the urban context the term 'urban forestry' has become 

synonymous with managing remnant vegetation in urban areas for utilization, recreation and 

conservation (e.g. Hibberd 1989). The term 'urban forestry' has also been used in 

conjunction with urban horticulture and bushland management in Australia, particularly in 

Victoria (e.g. Buchhorn et al. 1989). 

1.2 Conservation and management 

1.2.1 Extra-Australian countries 

1.2.1.1 Economic utilization 

Remnants of vegetation in urban areas outside Australia are managed for a variety of uses. 

Management emphasis is generally on the dominant tree species of the remnants rather than 

as plant communities. Urban forests have long been valued for timber as well as recreation, 

landscape and more recently conservation of wildlife (e.g. Robinson and Bolan 1984; Peale 

1989). 

Utilization of timber products from urban forests in the European cities of Zurich, Oslo and 

Frankfurt are well established (Holscher 1971). Timber is also harvested from urban forests 

in the U S A and Thornton (1971) has discussed the economic potential of these remnants. 

Forest products are but one of a number of considerations taken for managing urban forests in 

the United Kingdom. Evans (1989) details the management of trees in parks and roadsides in 

Leeds for timber utilisation, recreation and shelter, where local industry has utilised urban 

woodlands for manufacturing. 
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1.2.1.2 Conservation and planning 

Professional planning and forestry in urban areas is relatively recent. Conferences on 'Urban 

ecology' (Bornkamm et al. 1982) and 'The role of ecology in urban planning' (Bradshaw et 

al. 1986) have been held in Europe and on 'Urban forestry' in North America (e.g. Bradley 

1984; Lane 1986). 

The intrinsic value of trees and vegetation in suburban areas of the U S A has been known 

since the early 1970's (Robinson and Bolen 1984). Other important values of urban forests 

are climate amelioration, maintenance of landscape and the provision of wildlife habitat 

(Grey and Deneke 1986). Consideration for wildlife is important in managing urban forests 

and open spaces (Robinson and Bolen 1984). This is largely because native animals inhabit 

most large cities; e.g. large mammals in U.S.A. and Canada (Robinson and Bolen 1984) and 

small mammals in United Kingdom (Dickman and Doncaster 1989). It is also well 

established that urban environments provide important habitats for a wide range of avifauna; 

e.g. waterbirds in U.S.A. and Canada (Robinson and Bolen 1984) 

However there are problems for managers and residents of the urban/forest interface. The 

risk of wildfire is a major problem experienced by many residents on the outskirts of cities in 

the U.S.A. and other countries (Cortner et al 1990). Prescribed burning and tree thinning 

(e.g. Manning 1990) are management tools that can reduce the risk of fire. There remain 

however, potential conflicts between the use of prescribed fire with conservation objectives, 

despite major developments in fire planning for such fringe areas (Cortner et al-1990). 
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1.2.2 Australia 

1.2.2.1 Background 

Conservation and management of remnant vegetation on Australian farms has been reviewed 

for each state (e.g. Western Australia, Pigott 1993) and discussed in range of publications 

(e.g. Hussey and Wallace 1993). Remnant bushland is now accepted as vital to sustainable 

land-use in Australia (Lefroy et al. 1991; Scanlan et al. 1992) and a relevant issue for 

landholders and managers on the fringes of urban areas. Over-clearing of remnant vegetation 

in catchments in southwest Western Australian is directly responsible for increasing areas of 

agricultural land affected by salinity and erosion (Schofield 1991). 

Management of urban bushland, based on sound ecological data, has a comparatively recent 

history in Australia. Less research has been carried out on these areas than on agricultural 

land, because of fewer perceived direct economic benefits. However, increased interest in 

conserving remnant bushland in urban areas has resulted in a number of recent publications. 

These include several handbooks for bush regenerators and reserve managers (e.g. Buchhorn 

et al. 1989; and National Trust of Australia ( N S W ) 1991). 

There are many benefits and perceived values of urban bushland. The conservation of native 

plant species in bushland remnants are essential as the basis for natural heritage in the local 

community (Buchanan 1989). It is regarded as crucial to protect remnant vegetation in 

Australia in order to achieve goals for biodiversity maintenance (Australian National Parks 

and Wildlife Service 1993). The conservation of native flora in urban areas is essential to 

allow future generations access to them (Buchanan 1989; Benson and Howell 1990b; Powell 

1991). Kirkpatrick (1986) has noted that remnant bushland in cities and suburban areas 

remains the only contact with native flora for many urban Australians. 

Bushland remnants in urban areas are important habitat for native fauna and also act as 

corridors to larger reserves (e.g. bird species, Caterall et al. 1991). Other values include the 

conservation of heritage sites, buffers between suburbs and areas for scenery, education and 

recreation (Buchanan 1989). 
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There are also various direct and indirect economic benefits of vegetation in urban areas. 

These include the sale of timber, lowering waste-water costs (Buchhorn et al. 1989) and 

reducing the effects of air and water pollution (Buchanan 1989). Flowers and seeds are other 

commercial items that can be collected from a number of bushland species (Hobbs and 

Wallace 1991) although this may depend on the vegetation types in the bushland. However it 

is remnant native plant communities that are the main focus of this review. 

1.2.2.2 Protection and conservation 

Remnant vegetation remains threatened by clearing for urban development in Australian 

cities (e.g. Sydney, Buchanan 1989; Perth, Peglar 1994). Gray (1992) has reviewed 

legislation, regulations and control mechanisms for managing urban bushland on private 

property in the Perth area. Unlike some states in Australia (e.g. N S W , Norrie 1988), there is 

no protection for privately owned bushland in Western Australia (Gray 1992). Many of the 

legislative controls available do not specifically detail protection of native vegetation. 

Several appropriate government authorities do not play a role in the protection of remnant 

bushland (Gray 1992) despite large areas of bushland being in public ownership. The 

exception to this is where plant species are declared rare under the Wildlife Conservation Act 

(1973) and plant populations are protected from clearing for development (e.g. Hames 

Sharley Australia 1991). Controls for the protection of remnant vegetation around Sydney 

may be too late for the conservation of some vegetation types. Benson and Howell (1990a) 

report that between 9 4 % and 99.5% of major communities have been cleared in the Sydney 

region and that only small areas are conserved for other vegetation types. 
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Beard and Sprenger (1984) have estimated that 7 8 % of native vegetation on the Swan Coastal 

Plain has been cleared including almost 1 0 0 % south of Perth. Most clearing occurred during 

the 1960's and 1970's when there was rapid clearing of native vegetation for agricultural land 

and the expansion of Perth's suburbs. Despite scientific advice at the time, widespread 

clearing was carried out in southwest Western Australia with no regard for the need to 

conserve all native plant species and vegetation types (Beard 1990). Seddon (in the forward 

to Powell 1990) laments the loss of bushland around Perth over the past 20 years and the 

continuing lack of interest in local plants by its residents. 'Within Australia, the Perth 

Metropolitan Area must be one of the most difficult places to conserve natural flora' (Powell 

1991). These attitudes are largely due to the rapid growth of Perth and the demand for 

housing land (Burns 1993; Peglar 1994). 

Community interest and volunteer activity in bushland regeneration has grown steadily in 

Australia since the mid 1960's (Buchanan 1989). In Sydney, the Bradley sisters developed 

successful techniques for hand weeding native bushland with minimal impact (Buchanan 

1981; for details refer to Bradley 1988). Notes produced by them (Bradley 1971) have been 

cited by authors of a variety of publications on urban bushland (e.g. Bridgewater and 

Backshall 1981; Buchanan 1981, 1989; Nature Conservation Council of N S W 1984; National 

Trust of Australia ( N S W ) 1987). The Bradley sisters were responsible for convincing local 

government officials and park managers that reservation of bushland was not enough and that 

skilful management was also required. These efforts created community interest and 

momentum resulting in many regeneration and management activities around Sydney 

(Buchanan 1989). 

In Western Australia, the State Government's Conservation Through Reserves Committee 

proposed conservation areas for the whole state using regional divisions called 'systems'. 

The System 6 Study (Conservation and Environment 1981) examined all bushland available 

for conservation under public ownership for the Swan Coastal Plain and Darling Scarp areas 

adjacent to Perth. 
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Recommendations made by the report have not been fully implemented by successive 

governments (Gibson and Keighery 1992a). The Western Australian Department of 

Planning and Urban Development (DEPUD) is assessing remnant vegetation for Perth. Data 

from aerial photographs and field surveys are being used to build a database for GIS analysis 

and mapping. One goal of this study is to provide a supporting data-base for the 

implementation of the System 6 Study (Gibson and Keighery 1992a). Much publicly owned 

bushland in the System 6 Study remains un-managed and threatened by development despite 

efforts by various programs run by the Environmental Protection Authority (e.g. E C O P L A N , 

Keating 1993). MacRae (1993) argues that a balance is required, and that over-protection of 

urban bushland denies appropriately planned development for housing. Even where large 

areas of remnant bushland are reserved the cost of managing them is prohibitive (MacRae 

1993). The management of such areas has become dependent on local authorities in co

operation with volunteer groups (Keating 1993). 

Recent public outcry over clearing of bushland for urban development continues (e.g. 

Hepburn Heights in Perth, Burns 1993), but appears to have had little impact on the amount 

of native vegetation being protected from housing development (Peglar 1994). 

Formation of the Department of Conservation and Land Management in 1986 led to 

rationalisation between several governments departments with responsibilities for 

conservation reserves in the Perth area ( C A L M 1986). This provided better resourcing for 

National Parks (e.g. Tresidder 1993) and planning for recreation areas ( C A L M 1992). 

However there remains little or no protection for privately owned bushland in Perth and 

outlying areas (Gray 1992). The National Trust ( W A ) produced a draft Urban Bushland 

Policy (Keighery and Gray 1993) similar to that in place in Sydney (National Trust ( N S W ) 

1987). In 1993 an alliance of conservation groups formed the Urban Bushland Council to 

promote better protection and conservation of urban bushland in Perth (Burns 1993). 
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1.2.2.3 Ecological studies 

Limited research has been conducted on the ecology and management of remnant native 

vegetation in urban areas (Burrell 1972 and Recher 1972, cited by Fox 1990). This is despite 

the high concentration of Australia's population in cities. However there has been a steady 

increase in studies relating to urban ecology through the last two decades. 

Clemens and Franklin (1975) and Lambert and Turner (1987) have examined the impact of 

excess nutrients on urban vegetation near Sydney. Kirkpatrick (1986) has conducted a major 

study of the impact of management practices such as the success of using volunteers for weed 

control, in the Queen's Domain Hobart. Buchanan (1989) and Buchhorn et al. (1989) give 

case studies on rehabilitation of urban remnants. Benson and Howell (1990a) have 

documented vegetation types and reserves and remnants left in local government areas of the 

Sydney region. They also discuss future management of these remnants and the impact of 

fire and weeds on the vegetation. 

A number of authors have studied the ecology of remnant vegetation for the Perth region. 

Seddon (1972) has reviewed the physical environment, the biota and the social issues relating 

to urban changes around Perth, citing previous work on vegetation (e.g. Speck 1952) and the 

effects of changing fire regimes on the structure of woodlands (e.g. Beard 1967). Baird 

(1977; 1984) has examined the response of plant species to fire at Kings Park and the Yule 

Brook Reserve and the threat of invasive weeds to native plant communities at these reserves. 

Powell and Emberson (1980) have documented the vegetation and flora of a relatively 

undisturbed remnant at Woodmans Point near Fremantle. Bell et al. (1992) found that a 

recent catastrophic fire at Kings Park resulted in a high percentage of deaths for major tree 

species the consequences of which is likely to be an acceleration of the rate of structural and 

floristic change. 

9 



1.2.2A Symposia 

International symposia have been held on the ecology of remnant vegetation (Saunders et al. 

1987; Saunders and Hobbs 1991) and these included some papers dealing with remnant 

vegetation in urban areas (e.g. MacDonald et al. 1991, Catteral et al. 1991). A number of 

local symposia have provided foci on conservation and management of urban bushland in 

Australia (e.g. Moore 1984; Keighery and Gibson 1992). Symposia serve to pool current 

research and local experience on a particular subject especially if little has been published 

(e.g. Watsonia spp., Pigott and Gray 1993). 

In the 1960's such meetings raised the need to preserve existing bushland (National Trust of 

Australia ( N S W ) 1968, cited by Gray 1992). Since then symposia have largely focussed on 

managing existing bushland remnants. A symposium entitled 'Management of small 

bushland reserves in the Perth metropolitan area' was held in Perth in 1983. Papers published 

in the proceedings (Moore 1984), included several papers on the involvement of community 

groups in managing local reserves and several others on the ecology of urban bushland. One 

of these was the widely cited paper on fire and weeds in urban vegetation 'People, fire and 

weeds, can the vicious spiral be broken' (Wycherley 1984). 

The Wildflower Society of Western Australia symposium entitled 'Bushland in our 

Backyard' included case studies, community experiences and management perspectives 

(Gibson and Keighery 1992b). Keighery and Keighery (1992) document the rare plant 

communities of the Perth area and Powell (1992) discussed the importance of 'tiny' remnants 

of bushland. Keighery and Gibson (1992) presented results of a survey on attitudes to 

responsibility for urban bushland management. A high level of awareness about the need to 

conserve and manage urban bushland exists in Perth and there is an opportunity for local 

government and community groups to co-operate in this objective. A similar workshop was 

held in Sydney in 1992 (Urban Bushland Workshop 1992, cited by Gray 1992). 

The Australian Institute of Urban Studies (1993) also held a seminar in 1992 entitled 'Urban 

Bush Management' to focus on planning issues and management experience. Papers were 

presented on planning, flora and fauna, water resources, bush management contact 

organisations and various case studies involving community participation. 

10 



1.2.2.5 Extension and management 

With the interest in remnant vegetation management has come an increase in the availability 

of relevant published work with an ecological basis. This includes the preparation of 

management plans by the various responsible authorities. Guidelines have been provided for 

the conservation and management of urban bushland (National Trust of Australia (NSW) 

1987). Buchanan (1988) has established guide-lines for the preparation of management plans 

for various types of urban parkland, including bushland. Legislation, planning regulations 

and management practices pertaining to urban bushland in N S W has been reviewed by Norrie 

(1988). 

The N e w South Wales Technical and Further Education ( N S W T A F E ) now provides a 

certificate course in bushland regeneration, training volunteers and local government 

workers. The textbook written to provide background material for this course 'Bush 

Regeneration' (Buchanan 1989), has appeal to a wide audience. Another publication written 

for managers of urban bushland is 'Urban Forestry Handbook' (Buchhorn et al. 1989). It 

focuses on planning and executing revegetation projects and, as with Buchanan (1989), it is 

targeted towards staff of local and state government authorities and community volunteers. 

The National Trust of Australia ( N S W ) (1991) has produced a bush regenerator's handbook, 

specifically for the Sydney region. This book provides useful notes on the ecology of 

bushland and a classification for common weeds based on rooting patterns and reproduction. 

The guide provides simple control techniques for these species (National Trust of Australia 

( N S W ) 1991). 

A handbook for managers of remnant bushland in southwestern Australia has been produced 

by the Western Australian Department of Conservation and Land Management ( C A L M ) 

(Hussey and Wallace 1993). Although targeted towards farmers, most of the material is also 

relevant to managers of urban bushland. Unlike other publications mentioned here, the scope 

includes managing fauna as well as flora. Hussey and Wallace (1993) also provide specific 

information for Western Australian landholder's; e.g. responsibility for protecting plants 

declared rare or priority species under the Wildlife Conservation Act (1973). 

11 



The Federal Government has also become involved in promoting the conservation and 

management of urban bushland, particularly by providing funds for co-operative projects 

involving local government and community groups. Examples of these urban bushland 

projects around Australia have been recently compiled in newsletter form (Australian 

National Parks and Wildlife Service 1993). Bushland regeneration projects in urban areas 

included tree planting at the Star Swamp Bushland Reserve in Perth, the Bushcare Program in 

the Municipality of Ku-ring-gai in Sydney and the implementation of the City of Springvale's 

Nature Conservation Strategy. 

All of the publications discussed here are suitable for technical and lay people involved in 

regenerating urban bushland, with introductory ecological material, planning and technical 

advice. They communicate important information about the subject promoting a more 

professional approach and, hopefully, better management of remnant bushland. 

1.3 Disturbance 

1.3.1 Background 

Rykiel (1985) defines disturbance as 'a cause (which may be a system import) that results in 

a perturbation, which is an effect (or change in system state)'. There have been a number of 

reviews on the role of disturbance in community and ecosystem dynamics. These include 

White (1979), Sousa (1984), Pickett and White (1985), Hobbs (1987) and Hobbs and 

Huenneke(1992). 

White (1979) lists fifteen natural disturbances affecting vegetation in North America. These 

include coastal erosion, deposition and dune movement; fire; windstorm; biotic (animal 

disturbances) and precipitation variability. 'Disturbances vary regionally and within one 

landscape as a function of topography and other site variables and are characterised by their 

frequency, predicability, and magnitude' (White 1979). Other commonly used descriptors of 

disturbance in the literature are, aerial extent (size of disturbed area) and turnover rate or 

rotation period (Sousa 1984). 
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Disturbance is experienced by all natural communities at some spatial or temporal scale and 

'...may play as great a role in community dynamics as biological interactions...' (Sousa 

1984). Hobbs (1987) highlights the importance of the scale of natural disturbance regimes in 

the context of the Western Australian wheatbelt. A regime may be a condition under which a 

specific process occurs. Small scale events include digging and grazing by animals (e.g. 

echidnas and rabbits in remnant woodland; Hobbs 1989) and the effects of single tree-falls 

(e.g. seedling regeneration in remnant woodlands; unpublished data). Large scale, less 

frequent causes of natural disturbance regimes in Western Australia are also important in 

determining the composition and structure of plant communities. A seasonal summer 

drought does affect the regeneration responses of kwongan vegetation on the Northern 

Sandplains (Hnatuik and Hopkins 1980) and a single fire can significantly alter the structure 

of mature, semi-arid mallee vegetation (Hopkins and Robinson 1981). 

Yates et al. (1994) found that landscape-scale disturbances such as fire, flood or storm was 

required for regeneration of Eucalyptus salmonophloia woodlands in the semi-arid region of 

southwest Western Australia. Altered disturbance regimes in the Western Australian 

wheatbelt are likely to be responsible for the lack of regeneration of fragmented Eucalyptus 

woodlands (Yates et al. 1994). 

Disturbance plays a vital role in species composition and diversity in most aquatic and 

terrestrial plant communities (see reviews by Petraitis et al 1989; Hobbs and Huenneke 

1992). Changes to frequency and intensity of disturbance, and type of disturbance in natural 

disturbance regimes (e.g. anthropogenic disturbance or fire) will result in changes to the 

number of native species. This allow opportunities for invasion by colonizing native or weed 

species which, in turn, may alter a system's response to disturbance (Hobbs and Huenneke 

1992). 
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1.3.2 Anthropogenic disturbance 

1.3.2.1 Background 

Hobbs (1987) raises the importance of the impact of man on natural disturbance regimes. In 

Australia, European settlement very rapidly introduced new types of disturbance to the 

existing 'natural disturbance regimes'. The term anthropogenic (man-made) is included here 

with disturbance to describe the influence of man's activities on native plant communities 

(see Morgan 1987). 

The context of the 'natural' state of ecosystems and the role of disturbance in relation to 

man's impact has also been challenged by Sprugel (1991). H e argues that it is difficult to 

determine a 'natural state' because over long periods of time native vegetation would not be 

stable even in the absence of humans influence: "many different communities could be 

'natural' vegetation for any given site at any given time". 

Disturbance regimes in natural vegetation resulting from agricultural practices have occurred 

in Europe for thousands of years. However in parts of North America and Australia, the 

association between agriculture disturbance regimes are less than one hundred years old. A 

European example of anthropogenic disturbance is the importance of stock grazing and 

anthropogenic activities on woodland regeneration in the N e w Forest in southern England 

(Morgan 1987). The lack of regeneration of four key tree species has been found to be linked 

to these disturbance factors and the environmental requirements of the species. 

Hobbs (1987) and Hobbs and Hopkins (1990) have reviewed the importance of 

anthropogenic disturbance in the Australian context. At the time of European settlement fire 

was an important component in disturbance regimes. Aboriginal people burnt native 

vegetation in relatively small patches as part of complex hunting practises (Hallam 1975, 

1985; Pyne 1991). In considering the disruption caused to 'natural' disturbance regimes in 

Australia since European settlement, it is a matter of time-scale whether or not 'natural' 

disturbance regimes existed (Hobbs 1987). 
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The displacement of Aboriginal people (Adamson and Fox 1981; Pyne 1991), development 

of agriculture (Pigott 1993), mining and urban development (Seddon 1972), and subsequent 

introduction of non-native plants (Kloot 1991) and animals (Burbidge et al. 1989) have 

altered natural disturbance regimes of the past to shape the disturbance regimes that currently 

exist. 

1.3.2.2 Contemporary disturbance regimes 

Current disturbance regimes include altered cycles of fire and flooding (Hobbs 1987), plant 

invasions (Bridgewater 1990; Hobbs 1991) and the fragmentation of native vegetation by 

clearing (Fox and Fox 1986a; Hobbs and Saunders 1991; Saunders et al. 1991). The negative 

role of disturbance in species invasions and diversity is supported by Hobbs and Huenekke 

(1992). 

Altered disturbance regimes may result in vegetation that is different in composition to 

vegetation prior to European settlement (Hobbs 1993). The status of native vegetation 

particularly in Australian cities has been examined by Bridgewater and Kasehagen (1979) 

and Bridgewater and Backshall (1981). Bridgewater (1990) has highlighted the importance 

of disturbed or synthetic vegetation in future Australian landscapes. These metastable 

communities (a mix of native, naturalised and exotic species) are capable of persisting 

through disturbance cycles. 

1.3.2.3 Impacts of altered disturbance regimes 

There are other examples of the effects of anthropogenic activity on disturbance regimes. 

Increased drainage and nutrient enrichment of remnant wetlands and other vegetation are 

causes for concern. Ecological studies in bushland at North Head near Sydney have linked 

the decline in heathland to trampling and nutrient rich run-off (Clemens and Franklin 1975). 

Lambert and Turner (1987) found that nutrient enrichment was associated with disturbed 

vegetation in an urban forest near Sydney. Remnant wetlands are also declining because of 

permanent inundation by increased street drainage (Watson and Bell 1981). Species such as 

paperbark are favoured in the new environment because they can tolerate flooding. 
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Invasion of Phytophthora spp. into Banksia woodland on Perth's urban fringes is of great 

concern to scientists and managers (Shearer 1990). Spores of Phytophthora spp. are 

commonly spread in wetter months by m u d adhering to vehicle tyres and people's footwear. 

There is potential for such invasions to cause widespread deaths of important structural 

species (e.g. trees) as well as in the understorey. This may lead to substantial changes in the 

structure and composition of existing plant communities, such as those occurring in the 

Stirling Range National Park south of Perth (Wills 1993). 

1.3.3 Fire: a natural disturbance regime 

1.3.3.1 Background 

Fire is regarded as a major natural disturbance in native vegetation worldwide e.g. North 

America (White 1979), Europe (Hobbs and Gimingham 1981) and Australia (Gill 1975; Pyne 

1991). M any ecosystems rely on fire for their perpetuation, particularly where favourable 

climatic conditions exist. Examples include heathlands of Chile, South Africa, France, 

Scotland and Western Australia (Gill and Groves 1981; Bell et al 1984). 

Fire is also an important factor in the evolution of Australian native plant communities 

(Gardner 1955; Gill 1975); various in Gill et al 1981; various in Ford, 1985). Fire is 

important for nutrient cycling (Bowen 1981; Christensen and Abbott 1989), seed release (Gill 

1981b; Cowling et al. 1987), invertebrate activity (Whelan and Main 1979; Majer and Abbott 

1989) and maintaining species richness (Bell et al. 1984; Burrows and Christensen 1991). 

Many plant adaptations are specifically to fire regimes, i.e. frequency, intensity and season 

and areal extent (Gill 1975, 1981a, 1981b) rather than to fire itself. This is an important 

distinction as these factors vary from place to place and are dependent on regional climatic 

conditions (Recher and Christensen 1981). 
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Recent studies of fire and vegetation in Western Australia support this hypothesis e.g. 

kwongan (Bell et al. 1984; Wills 1989), eucalypt forests of southwest Western Australia 

(Christensen and Abbott 1989) and grasslands of the Western Desert (Burrows and 

Christensen 1991). The interaction of fire and fauna, while important in the overall ecology 

of communities (Whelan and Main 1979; Recher and Christensen 1981), will not be covered 

here. This review is concerned primarily with the impact of fire on plant communities and 

individual plant species. 

1.3.3.2 Plant community response to fire 

A theory devised to determine the impact of disturbance on succession in plant communities 

has particular relevance where fire-adapted communities undergo repeated firing (Noble and 

Slatyer 1979). Vital attributes of the dominant species can be used to predict the effect of fire 

or other disturbance on the community. Replacement of species in a community depends 

upon its reproductive strategies and life span. Frequent fires or absence of fires can lead to 

local extinction of a species (Noble and Slatyer 1981). 

Understanding the effects of altered disturbance regimes is important especially if plant 

communities are adapted to that type of disturbance (e.g. fire). Altered periods of time 

between fires and increased fire intensity (i.e. altered fire regimes) can result in changes to 

community structure (Noble and Slatyer 1981). 

The response of plant communities to disturbance can be predicted by examining the vital 

attributes (Noble and Slatyer 1980) of dominant species. The three main groups of vital 

attributes classified by Noble and Slatyer (1980): 1) method of species arrival or persistence 

during disturbance; 2) ability to establish and grow to maturity in the developing community 

and; 3) time taken for species to reach critical life stages. 

Beard (1984) has classified community response to fire, primarily for kwongan vegetation of 

the northern sandplains of Western Australia recognising three categories of response based 

on flammability and exposure: 1) subject to frequent fires; 2) subject to occasional fire and; 

3) not normally subject to fire. 
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1.3.3.3 Plant species response to fire 

Responses to fire can be classified at the species or community level. Gill (1981a) has 

divided woody species responses to fire into two classes, reproductively mature plants with 

1 0 0 % leaf scorch die, or reproductively mature plants with 1 0 0 % leaf scorch survive. These 

classes are more commonly referred to as seeders and resprouters; each class is further 

divided to provide more detailed classification (Gill 1981a). 

Bell et al. (1984) have devised a classification system to interpret fire responses for the 

species-rich kwongan (Table 1.1). This system is also based on seeders and sprouters, but 

includes responses of annual plants, which are an important component of the kwongan. 

Different species of the genus Banksia illustrate two of these responses to fire well e.g. 

Banksia prionotes (obligate seeder) which is killed by fire and B. attenuata and B. menziesii 

(faculative sprouter seeders) which resprout after fire (see Cowling and Lamont 1987). Other 

examples of species responses to fire include Hibbertia hypericoides (autoregenerating long-

lived sprouter) and Tersonia cyathiflora (fire ephemeral) (Loneragan et al. 1984). 

Table 1.1 Classification of species response to fire (from Bell et al. 1984) 

Response type 

(a) Fire ephemerals 

(b) Obligate seeders 

(c) Sprouters 

(i) obligate vegetatively reproducing sprouter (OVS) 

(ii) faculative sprouter-seeder (FSS) 

(iii) autoregenerating long-lived sprouter (ALS) 
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1.3.3.4 Altered fire regimes 

Gill (1981a) defines fire regime as history of fire frequency, fire season, fire intensity and fire 

size. Anthropogenic activity has altered fire regimes in remote wilderness areas (Burrows 

and Christensen 1991) and urban areas (Wycherley 1984). Single fires have little impact in 

dry sclerophyllous vegetation (e.g.* Eucalyptus woodland, Hopkins and Robinson 1981), 

however recurrent fires may result in species richness changes (Hopkins 1985). Too many 

fires at Kings Park (Wycherley 1984) and too few fires in the Western Desert (Burrows and 

Christensen 1991) have resulted in reduced species richness in Eucalyptus/ Banksia 

woodland and arid grasslands, respectively. 

Increasing disturbance and fragmentation of native vegetation in urban areas has led to 

changes in fire regimes (Wycherley 1984; Moore and Graham 1985). Increased fuel loadings 

from weed invasions produced more intense fires (Bridgewater and Backshall 1981). 

Wycherley (1984) reports that most fires at Kings Park since the early 1940's have been lit by 

incendiaries. Fires of this type usually result in widespread damage greater than fires of other 

origins. This has resulted in increased numbers of fires and a spiral of post-fire fuel build-up, 

weed invasion and susceptibility to fire (Wycherley 1984). A major fire deliberately lit in 

Kings Park, resulted in widespread damage to mature trees such as Fraser's casuarina 

(Allocasuarina fraseriana), and Banksia spp. (see also Bell et al. 1992). 

There are problems in various countries with regard to fire management policy at the 

interface of urban areas and natural vegetation (Cortner et al. 1990; McDonald et al 1991). 

Destructive fires in some urban areas in the U.S.A. have resulted in changes in attitudes to 

fire policy by the general public. Managers should use this opportunity to implement 

strategies available to them to reduce fire risks at the urban-wildland fire interface (Cortner et 

al. 1990). 

Threat to life and property from fire in Australia is greatest on urban fringe areas (Gill 

1981c). However, fire management in urban areas of Australia (e.g. Perth), particularly in 

conservation areas, has been neglected in the past (Moore and Graham 1985). Fire 

management is complicated in these areas because a number of fire control agencies are 

involved, and each has different philosophies and techniques about fire fighting (Moore and 

Graham 1985). 
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To complicate fire management further, the importance of fire to natural ecosystems is 

greatly misunderstood by modern city dwellers (Mount 1989). Prescribed fire or fuel 

reduction burning is the main method of protecting life and property near urban bushland in 

Sydney (Bradstock and Scott 1993). Despite efforts to educate residents and take 

precautionary fire prevention measures, disastrous fires still occur, as witnessed around 

Sydney earlier this year (e.g. Morfesse and Salome in The West Australian, Jan. 11, 1994). 

1.3.4 Weed invasions: an outcome of altered disturbance regimes 

1.3.4.1 Background 

A generally accepted definition of a weed is 'a plant growing out of place' (Buchanan 1981; 

Parsons and Cuthbertson 1992). The term weed doesn't imply the origin of the plant, only 

the ecological, agricultural or aesthetic role of the plant species in situ (Buchanan 1981). 

Buchanan (1981) describes two other terms commonly associated with weeds; 'exotic plants' 

are those with overseas origins and 'introduced plants' are those whose origins are not local. 

Definitions aside, ecological studies of weeds are aimed at determining their impact on plant 

communities and aspects of their biology that would enable suitable management. Presently 

in Australia there is not enough research in this field compared to research on the ecology and 

control of weeds at the species level, and a great deal less than the research directed at the 

impact and control of feral animals (Hobbs and Humphries 1994). 

1.3.4.2 Inventories and control handbooks 

Prior to the early 1970's weeds were mostly studied or discussed within the context of 

agricultural protection (e.g. world weeds, Holm et al. (1977); Western Australia, Meadly 

1965; Victoria, Parsons 1973). Field guides to weeds in Australia (Auld and Medd 1987; 

Lamp and Collett 1989; Parsons and Cuthbertson 1992) are also directed at agricultural 

practitioners (i.e. farmers) and researchers. Publications dealing with conservation and or 

weeds began to appear in the early 1970's (e.g. Bradley 1971). 
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Awareness of this subject appears to be greater in Australia than in other countries, perhaps 

because of the more recent utilisation of its native vegetation (Fox and Fox 1986b). For 

example, Fox (1987) and Swarbrick (1987) have discussed the threat and problems of weeds 

and urban bushland in forums that normally only address agricultural weeds. 

Despite lack of resources in research and extension in Australia, a number of publications on 

bushland weeds have been published in various forms. Humphries et al. (1991) have 

reviewed bushland weeds for Australia and detailed the current status of the worst eighteen. 

A review of bushland weeds in Western Australia has also been carried out (Goble-Garrett 

and Keighery 1993). Other publications on bushland weeds, particularly in urban areas, 

include Buchanan (1981) for Sydney, Kleinschmidt (1991) for Brisbane and Keighery (1989; 

1992; 1993) for Perth. The former publications provide identification and ecological notes on 

weeds for their respective cities while Keighery's work provides lists of weeds for important 

vegetation types and current management problems. 

The majority of bushland weeds in southern Australia are of European origin, and particularly 

plants from the Mediterranean region (Groves 1986; Kloot 1991; Keighery 1992). This is 

due largely to the export of agricultural practices and species from that area to all parts of the 

world (Lepart and Debussche 1991), e.g. Mediterranean regions of Australia. A lesser 

proportion of weeds (but no less significant) in Australia are of South African origin (Scott 

and Delfoss 1992). Many of these are significant bushland weeds in southwestern Australia 

(e.g. Iridaceae, Marchant 1993; Keighery 1993). 

Ironically many bushland weeds in the Cape Province of South African are of Australian 

origin (e.g. Stirton 1980), although this is not surprising given the similar climates of the two 

regions (Groves 1986). Scott and Delfoss (1992) have listed important South African weeds 

in Australia and reviewed current status and research efforts of some of these species in 

relation to biological control. 
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1.3.4.3 Relationship to disturbance 

The analysis of weed invasions into native vegetation in Australia is relatively recent. Since 

the mid-1970's a number of studies have been carried out in this field. Amor and Steven 

(1976) examined the invasion of weeds into eucalypt forest from a roadside. They correlated 

the increased availability of light with weed invasion after the construction of the road into 

previously undisturbed forest. Bridgewater and Kasehagen (1979) found weed invasion 

decreased with greater distance away from tracks for urban bushland remnants near Perth. 

Investigation of weed invasion into different plant communities in a wheatbelt remnant near 

Kellerberrin Western Australia produced similar results, although weeds in eucalypt 

woodlands were found to be less visible than in heathland or casuarina woodlands (Hobbs 

1989). 

Nutrients, fire and other disturbance types have also been found to be responsible for weed 

invasions in roadside remnants (Hobbs 1989; Cale and Hobbs 1991; Panetta and Hopkins 

1991). A number of other experimental studies and reviews link disturbance with invasion 

and growth of weeds in remnant vegetation. Hobbs and Atkins (1988a) found that fertilizer 

and physical disturbance leads to establishment and increased growth of introduced annuals 

in wheatbelt bushland. Clearing, demonstrated by shrub removal, in dense shrubland 

increased the numbers of introduced and native annual species (Hobbs and Atkins 1991). 

Hobbs (1991) states categorically that for weed invasion to occur in native vegetation there 

must be disturbance. H e cites many examples of serious weeds and the disturbance types 

responsible for their invasion (e.g. the spread of Prosopis spp. in the U.S.A. by flooding). 

Well planned weed control programs are required when regenerating and revegetating 

remnant vegetation. Where large-scale weed invasions have occurred, management of 

disturbance (i.e. cause) not just weed species is necessary to effectively manage weed 

invasions (Hobbs 1993). High levels of weed seeds in the soil seed banks are also a problem 

in rehabilitating degraded farmland (Pigott et al 1994) and degraded vegetation remnants 

(Panetta 1981; Panetta and Groves 1990). 
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Increased fire intensity and frequency has resulted in weed invasions in bushland remnants 

(Bridgewater and Kaeshagen 1979; Bridgewater and Backshall 1981). Initial weed invasion 

increases the loading of litter and standing fuel in bushland, making it more susceptible to 

hotter fires in the early post-fire regeneration stages (Wycherley 1984). A cycle is created 

that is difficult to break without long-term fire exclusion. The likelihood of fire is increased 

as well as its intensity. The post-fire environment increases the opportunities for 

encroachment of the original weeds and new species (Hobbs 1991). However, fire alone is 

not responsible for weed invasions and invasion must be accompanied by some form of 

anthropogenic disturbance (Hobbs 1991). 

1.3.4.4 Decline of bushland communities 

Weed invasions are a most serious threat to the conservation of bushland in Australia 

(Australian Institute of Agricultural Science 1976; Trudgen 1988, Benson and Howell 1990a; 

Hobbs 1991; Humphries et al 1991). The effects of weed invasions such as the decline of 

richness of native species and alteration of fire regimes have been well documented in urban 

bushland reserves. Weed invasions have been reported as resulting in the decline of bushland 

in most of the major Australian urban areas (e.g Melbourne, Bridgewater and Kaeshagen 

1979, Panetta 1981; Hobart, Kirkpatrick 1986; Sydney, Buchanan 1989, Benson and Howell 

1990b). The decline of bushland in Perth has been reported by Bridgewater and Kaeshagen 

(1979), Bridgewater and Backshall (1981), Watson and Bell 1981, Bell (1987) and 

Wycherley (1984). 

In each study increasing numbers of weeds, measured by either relative numbers of species, 

plant counts or above ground biomass, were shown to be related to altered fire regimes, 

declining numbers of native species and changes to community structure. 
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1.4 Descriptive techniques 

1.4.1 Background 

Hopkins and Saunders (1987) discuss the need for three types of knowledge if informed 

decisions are to be the basis of reserve management: 

1) what species are present; 

2) where each species is present; and 

3) h o w each species persists on that site. 

Plant species have been collected in Australia since the late seventeenth century. Information 

about these species was sometimes recorded by the collector and later transferred to 

herbarium sheets. Collectors also began to describe types of vegetation, but with only a 

general information about distribution. Early mapping work was conducted by surveyors as 

an indication of soil types and hence the suitability of land for agriculture (Burvill 1979). 

Mapping of vegetation is an important aspect of describing vegetation. It adds a spatial 

dimension to the records of a plant species presence, thereby linking information of types 1 

and 2 above. 

Information on h o w each species persists on that site (type 3 above) is a further extension to 

information types 1 and 2 above; "Generally insight into the processes and interactions that 

sustain a viable population will require studies of a broad range of autecological topics..." 

(Hopkins and Saunders 1987). 

The temporal extension of spatial records involves monitoring which provides an opportunity 

to study the impact of environmental factors such as disturbance. 

Contemporary technology has introduced new types of data into applied fields such as 

resource management as well as computer hardware and software able to handle it (Parker 

1988). Data from remote sensing (e.g. maps, aerial photographs and various types of imagery 

collected by satellites) has increased the capacity for descriptive and monitoring studies of 

vegetation (e.g. Hobbs et al 1989, Lambeck and Wallace 1993) 
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Geographic Information Systems (GIS) are able to integrate traditional descriptive data with 

remote sensing, and offer manipulation and modelling capabilities for solving complex 

geographic and environmental problems (e.g. Peterson 1990; Buchanan and Wardell-Johnson 

1991; Smith and MacFarlane 1991; Welch et al, 1992). 

1.4.2 Inventories of plant species 

Descriptive studies of vegetation are valuable in establishing data for effective natural 

resource management (Gill and Nicholls 1989) and traditional descriptions of vegetation also 

include the collection of species and plant community characteristics from field data. Beard 

(1990) states that studies such as 'The Natural History of the Wongan Hills' (Kenneally 1977) 

are important first steps in documenting significant natural areas. Regrettably, before the 

rapid expansion of agriculture in the southwest of Western Australia, large areas of native 

vegetation were not surveyed. Beard (1990) postulates that the clearing of native vegetation 

has resulted in the extinction of an unknown number of species. 

Kent and Coker (1992) describe two major types of vegetation description, physiognomic 

(structural) and floristic. Examples of physiognomic descriptive techniques are Raunkiaer's 

life-form classification (Krebs 1978) and Dansereau's method (Kent and Coker 1992). Users 

of these and related methods classify plant species into structural groups based on biological 

characteristics (see Kent and Coker 1992). Floristic analysis is based on the collection of 

data comprising plants identified to species level. Quadrats of pre-determined size (Kent and 

Coker 1992) are often used to collect floristic data. Cover of prominent species is often 

collected as indication of species abundance. The Braun-Blanquet scale is one technique that 

has been used in the study of vegetation near Perth, Western Australia; e.g. limestone heaths 

(Bridgewater and Zammit 1979). 

Presence, combined with some measure of abundance e.g. density, frequency, cover, 

biomass, gives a measure of diversity (see Kent and Coker 1992). Keighery et al (1990) 

have used permanent plots and surveys on foot to record the presence of plant species at Bold 

Park near Perth. Using previously described vegetation units and soil types, they have used 

species presence data to describe vegetation formations. 
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One of these measures of abundance, biomass, more commonly associated with studies of 

agricultural species has been applied to ecological studies. Bridgewater and Backshall (1981) 

have sampled understorey species for Banksia and Eucalyptus woodlands near Perth. 

Samples varied seasonally because of the dominance of the exotic grasses and was higher for 

Eucalyptus woodlands. Hobbs and Atkins (1990) and Burrows and M c C a w (1990) have 

measured understorey components of Banksia woodlands north of Perth to analyse post-fire 

responses and fuel characteristics respectively. 

Floristic data can also be analysed using multivariate techniques, allowing multidimensional 

data as a whole to be used in the assessment of plant communities and the interpretation of 

environmental factors that influence them (Gauch 1982). 

1.4.3 Multivariate analysis of plant communities 

1.4.3.1 Background 

'Multivariate analysis is the branch of mathematics that deals with the examination of 

numerous variables simultaneously' (Gauch 1982). Characteristically in community ecology 

it is the analysis of sample data (e.g. vegetation) using its major feature, the species. External 

features such as environmental data are often applied directly or interpreted indirectly (see 

introductions by Gauch 1982, Digby and Kempton 1987; Kent and Coker 1992). One 

commonly used multivariate technique is direct gradient analysis. Plant community data is 

related directly to an environmental factor such as soil type. For example Benson and Howell 

(1990a) describe 9 plant communities for the Sydney region using prominent native species, 

geology and climate. 

Gradient analyses such as these did not necessarily use mathematical techniques to derive 

community descriptions, although this is n o w more common (Palmer 1993). Community 

types derived from manual analysis are dependent for consistency on local knowledge to 

avoid missing variants, and use of obvious descriptive species and environmental features 

(e.g. Keighery et al. 1990). 
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1.4.3.2 Multivariate techniques 

Multivariate analytical techniques offer community ecology many advantages over 

descriptive interpretations (Gauch 1982). Generally plant community data are complex, 

extensive and require the investigator to answer certain questions (Gauch 1982). The use of 

computers, has eliminated the need for the lengthy manual calculations required for 

multivariate techniques, allowing the description of communities by that means to be cost-

effective (see Gauch 1982; Digby and Kempton 1987; Kent and Coker 1992). 

The most commonly used multivariate techniques are ordination and classification. 

'Ordination attempts to relate samples and species as faithfully as possible in a low 

dimensional space' (Gauch 1982). One such technique is detrended correspondence analysis 

(DCA) found in the D E C O R A N A program of Hill (1979a). D C A is an algorithm which 

largely eliminates the problems of non-linearity associated with the older techniques of 

reciprocal averaging and principal components analysis (Hill and Gauch, 1980). Despite 

scientific debate on its disadvantages (Wartenburg et al. 1987) and advantages (Peet et al. 

1988; Jackson and Somers 1991), it remains the most popular technique for analysing plant 

communities (Jackson and Somers 1991). D C A modifies the traditional correspondence 

analysis, removing the 'arc' affect from, and then re-scaling the first axis (Gauch 1982). This 

process is essential for interpreting dimensions beyond the first axis (Peet et al. 1988). 

D E C O R A N A has been used to assist in the analysis of remnant vegetation in Australia (e.g. 

coastal N.S.W., A d a m et al. 1990). 

A recent advance in ordination has been the derivation of canonical correspondence analysis 

(CCA) by ter Braak (1988), a refinement of D C A to deduce species-environment 

relationships. C C A is now widely used in ecology for gradient analysis (Kent and Croker 

1992; Palmer 1993). 
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Another multivariate technique is classification. Classification is used to group the individual 

(quadrats or vegetation samples) into classes on the basis of their attributes (floristic 

composition) (Kent and Croker 1992). One such technique is the table arrangement 

developed in the study of European plant ecology (see Kent and Coker 1992) and also used in 

Western Australia (e.g. Bridgewater and Kaeshagen 1979; Cresswell and Bridgewater 1985). 

Classification techniques may be hierarchical or nonhierarchical (Gauch 1982; Kent and 

Croker 1992). Divisive classification is preferred in the study of vegetation to agglomerative 

methods because the starting point for information input when defining vegetation boundaries 

is maximal (Digby and Kempton 1987; Gauch 1982). Dendrograms can be made from 

results of classifications to depict vegetation groups graphically. 

A n example of such a program is T W I N S P A N (two-way species analysis) (Hill 1979b), 

better described by the author as 'dichotomised ordination analysis'. T W I N S P A N is the 

most widely used classification program in Great Britain and North America (Kent and Coker 

1992). T W I N S P A N has been widely used to assist in the study of remnant vegetation in 

Australia (e.g. Tasmania, Brown et al. 1984; City of Hobart, Kirkpatrick 1986; coastal N S W , 

A d a m et al. 1990). Analysis and description of plant communities in these examples are used 

for mapping and interpretation of environmental influences. 

1.4.4 Mapping vegetation 

1.4.4.1 Traditional mapping 

Vegetation has been mapped since the last century using the association of vegetation and 

climate (temperature and moisture), soil and landform types, leaf-type distinctions of the 

major tree species and floristics formations (de Laubenfels 1975). In Western Australia, 

vegetation has been mapped many times using a number of these links between environment 

and vegetation (Gentilli 1979). The tradition for W.A. vegetation has been to use floristic 

information (Gentilli 1979) such as the much cited work of Diels (1906) (e.g. Heddle 1979). 

Work since then has expanded on this theme, supported by field work and later aerial 

photography. 
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Seddon (1972) has mapped the vegetation of the Perth Metropolitan area using the 

physiognomic units of Speck (1952), with some minor additions. The physiognomic or 

structural approach recommended by Specht (1970) has been influential in standardising the 

description and mapping of vegetation in Australia (e.g. Seddon 1972). Classes of projected 

foliage cover for dominant species were devised. This style of vegetation mapping favours 

tree species such as Eucalyptus spp. which dominate vegetation types, to the neglect of 

understorey species (Seddon 1972). These physiognomic units have been widely used in 

mapping nature reserves in the Western Australian wheatbelt (e.g. Muir 1977). 

Beard (1979; 1980) has mapped vegetation systems around Perth (at a scale 1:250,000) and at 

a larger regional scale (1:1,000,000) using geomorphologic features from aerial photographs 

supported by field work. The soil and dune systems units of Bettenay et al. (1960) and the 

geological units of Wilde and L o w (1978) were also used. Beard (1979) favours the 

ecological approach which uses the physiognomy in the first instance to which floristic 

information is added. Heddle (1979) does not rely solely on the physiognomic approach to 

vegetation mapping either, because it does not account for known variations in plant 

communities. Heddle (1979) has mapped plant communities for the Perth region using 

existing floristic survey information and aerial photographs of the area prior to clearing. 

Other sources included previously published landform and soil maps. 

Bridgewater and Wheeler (1980) have mapped remnant vegetation in the City of Melville, 

near Perth and Cresswell and Bridgewater (1985) have devised mappable vegetation units for 

the Swan Coastal Plain, using the results of agglomerative classification on "floristic data. 

Gentilli (1979) has coined the term 'ecological mapping' where vegetation mapping units are 

derived from floristic data using multivariate techniques. Ecological units have been derived 

using multivariate techniques for Banksia woodlands the Northern Swan Coastal Plain (Havel 

1968) and the jarrah forest of the Darling Scarp (Havel 1975). Heddle et al. (1980) have 

based their vegetation map for the Swan Coastal Plain and Darling Scarp near Perth on these 

ecological units. Beard (1979) comments that although vegetation maps are possible using 

ecologically derived units, the actual vegetation they represent cannot be mapped directly 

from aerial photographs, limiting the usefulness of the vegetation maps in field work. 
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Advantages in favour of ecological mapping of plant communities include the detection of 

vegetation changes. If vegetation on the Swan Coastal Plain has distinct boundaries 

(Cresswell and Bridgewater 1985) rather than being a complex continuum (Heddle 1979), the 

use of multivariate techniques may be useful to identify and clarify variation in the 

vegetation. Floristic analysis allows the determination of 'natural' and 'synthetic' (degraded) 

communities (see Bridgewater 1990) more easily than is possible from aerial photographs. 

1.4.4.2 Computer-aided mapping and remote sensing 

Computer-based mapping software has an important role to play in park planning and 

management (Baird 1987). Mangers can establish data-base systems (e.g. the geographic 

information system (GIS) ARC/INFO (ESRI 1993) to allow more effective access to data for 

decision making in existing management procedures. Data linked to automated mapping 

software can display the outcomes for day-to day use by park managers (Baird 1987). 

A n early example of computer-based mapping software was S Y M A P , available for 

mainframe computers (Digby and Kempton 1987). Symbols were used to represent the 

density or other values of environmental factors. Watson and Bell (1981) mapped a number 

of factors (e.g. weed invasion index) relating to an area of urban bushland near Perth using 

this program. Other software available on personal computers can map data, represented by 

contours, for a geographical area (e.g. S Y G R A P H in S Y S T A T , S Y S T A T Inc 1991). 

However useful this approach has been, a major drawback is its univariate and detailed 

nature. As most ecological work is complex, techniques are required to display and 

manipulate multiple units in the environment, such as vegetation. The increased use of 

remote sensing in ecology offers access to data collected on a much larger scale (e.g. by 

satellite) than before (Roughgarden et al. 1991). This scale has not only been utilised for 

landscape-scale projects, but detailed local projects as well (Hobbs 1990). 
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Landsat M S S imagery has been used to classify vegetation in nature reserves near 

Kellerberrin in the Western Australian wheatbelt (Hobbs et al. 1989). Classification of 

vegetation was broadly successful, although discrimination between different eucalypt 

dominated communities was not possible because of canopy similarities. Techniques derived 

from the work indicated it was possible to provide broad information about vegetation at 

other wheatbelt reserves (Hobbs et al. 1989). 

Trends in automated mapping have converged towards GIS (Baird 1987; Lai 1990). GIS 

represents sophisticated systems, including computer hardware, software and personnel for 

input, storage, manipulation and display of geographic data (Ripple 1989). The role and use 

of GIS in mapping and monitoring vegetation is discussed later in the chapter 

1.4.5 Monitoring vegetation 

1.4.5.1 Background 

Main (1987) defines monitoring as 'as those actions taken in order to establish that biota in a 

remnant is being retained or conserved over the time period of interest'. Clearly, monitoring 

embraces the concept of ecological studies for management (Hopkins and Saunders 1987) 

over time, allowing studies to better understand the life processes of the biota involved. 

These studies must not be the end in themselves but must be applied to the management of 

the bushland remnants for effective retention and conservation. Monitoring can be important 

in assisting the manager in the decision-making process but it must be efficient, cost effective 

and useful (sensu Main 1987). 
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1.4.5.2 Traditional monitoring 

Monitoring studies on vegetation in conservation areas have been small in number world

wide, however, they are an important component of scientific management (Gill and Nicholls 

1989). Physiognomic and floristic changes need to be assessed to evaluate the impact or need 

for active management (e.g. Kirkpatrick 1986). Techniques recommended for monitoring 

vegetation include frequency and visual cover estimates within quadrats, point quadrats, line 

intercept and point-centred quarter methods, and photographic methods (Ferris-Kaan and 

Patterson 1992). 

Powell and Emberson (1978) have dramatically illustrated the decline in native vegetation in 

southwestern Australia (including Perth) by publishing old photographs of well-known tree 

and vegetation types. These photographs remind those familiar with landscapes and trees 

around Perth, of the great impact that anthropogenic disturbance has had. There are other 

examples where changes in the physiognomy and floristics in urban bushland in Australia 

have been monitored by quantitative means. 

Baird (1977) analysed data collected over 30 years from permanent plots in bushland at 

Kings Park near Perth (Baird 1977). C o m m o n small shrubs such as Hibbertia, Daviesia, 

Oxylobium and Stirlingia survived over the period, resprouting after several fires to reach 

their former size. The weed, veldt grass (Ehrharta calycind) invaded and spread throughout 

the quadrats (Baird 1977). Repeated hot fires in Kings Park over a period of fifty years have 

had a drastic effect on large, mostly Eucalyptus trees (Bell et al. 1992). A s observed by 

Beard (1967) and Baird (1977), the predominantly Eucalyptus-Allocasuarina forest has been 

transformed to mixed Banksia spp.-Allocasuarina woodland. Tree numbers of all species 

continue to decline (Bell et al 1992) and long-term monitoring of the overstorey trees using 

established transects is envisaged. 

Baird (1985) has also noted physiognomic changes in vegetation over 30 years due to altered 

fire regimes at the Yule Brook Reserve, Kenwick. Fewer shrub mounds were noted and 

vegetation on the flats was observed to be diminished over time. 
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Kirkpatrick (1986) has also monitored changes in floristics and physiognomy over ten years 

in inner-city bushland at The Domain, Hobart. Numbers of five native species were found to 

be reduced while numbers of exotic species had increased (Kirkpatrick 1986). Few changes 

to the size class distribution of important trees were noted except for Casuarina stricta and 

Eucalyptus pulchella, where there was heavy recruitment over the period. Altered fire 

regimes appear to be responsible for changes in physiognomy and floristics, however 

Kirkpatrick (1986) concludes that the conservation value of the vegetation had not decreased 

during the period of the study. 

Bell (1987) also found little change in frequency of occurrence of selected herbaceous species 

in Banksia woodland over eight years at the Yule Brook Reserve. Frequencies of three 

introduced weeds and eight native species, of the same life-form categories (therophytes and 

geophytes), did not change markedly (Bell 1987). However, the successful invasion and 

establishment of the grass weed Briza maxima was observed over the same period. 

Hopkins (1989) has outlined reasons for the Western Australian Department of Conservation 

and Land Management's plans to set up a monitoring program. H e concludes that there is a 

need for reliable information to be collected on the impact of fire on plant and animal species, 

communities and ecosystems on the conservation estate in Western Australia. Monitoring 

changes in the composition and structure of native vegetation are the next step in determining 

management strategies. To date this monitoring program has not been implemented due to 

lack of resources. However, long-term monitoring sites have been established in major 

vegetation types in remnants on the Swan Coastal Plain by C A L M as part of a research 

project funded by the Australian Heritage Commission. 

Although not established under the original framework (see Hopkins 1989), these plots will 

provide valuable base-line data for future monitoring in Western Australia's most highly 

developed region. 
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1.4.5.3 Monitoring and remote sensing 

Remote sensing is an important tool for mapping and monitoring of ecological systems. It 

has useful application in inaccessible regions of Australia. Classification of vegetation from 

Landsat Multispectral Scanner (MSS) raster image data (see Ehlers et al. 1989) has been 

applied to monitoring impacts of grazing and fire in a sensitive heritage area of central-

western N S W (Hibberd et al 1990). The use of classified vegetation boundaries proved 

more accurate when applied to landuse systems than did existing soil maps used to assist 

advisers to produce management plans for pastoralists. The results of this project have also 

proved a valuable database for development of GIS (Hibberd et al. 1990). 

Remote sensing has been utilised in the central wheatbelt of Western Australia to assess the 

conservation value of remnant native vegetation (Lambeck and Wallace 1993). Vegetation 

assessed was the same as that broadly classified by Hobbs et al. (1989) using Landsat T M 

imagery. Landsat data were also used and found to be a useful tool for discriminating 

vegetation considered to be in good condition, now represented by only 3 % of the original 

native vegetation (Lambeck and Wallace 1993). Remote sensing is valuable in assessing 

food resources in a fragmented landscape for honeyeaters, which have patchy requirements. 

Aerial photography and GIS (Intergraph M I C R O S T A T I O N GIS) have been used by the W.A. 

Department of Agriculture to catalogue remnant vegetation in the W.A. wheatbelt (Coates 

1987). The purpose of this exercise is to establish a long-term monitoring framework in 

southwest W.A. for soil and water conservation on farms (Western Australian Department of 

Agriculture 1990). 

Where illegal clearing of bushland is detected by comparing aerial photographs taken at 

different times, landholders may be prosecuted under the Soil and Land Conservation Act 

(1986). 
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1.4.6 Use of geographic information systems 

1.4.6.1 Background 

There is no recognised authority on the definition of GIS despite wide usage of the 

terminology. The application of a GIS is often dependent on an individual's or organisation's 

perspective, and may be a collection of hardware, software, data and personnel (Carter 1989). 

However, a universally accepted broad definition of GIS is 'an integrated system to capture, 

store, manage, analyse and display information relative to concerns of a geographic nature' 

(Carter 1989). More simply, GIS is a system for the input, storage, manipulation and display 

of geographic data (Ripple 1989). By way of simplification, Parker (1988) comments that 

'most definitions turn out to be much the same, or nearly so...' The common thread through 

all definitions is the notion of spatial data-processing.' 

W h y GIS? Computer-aided drafting (CAD) and mapping ( C A M ) software, spreadsheets, 

data-bases and statistical packages are also able to store and manipulate simple geographic 

and spatial data (ESRI 1992). However, C A D packages offer only sophisticated electronic 

drafting, and data-bases incorporate elaborate manipulation of the data with no graphical 

output (Cowen 1988). C A D and C A M packages lack the tools for data-handling, retrieval 

and updating, data-analysis and modelling that GIS offers (Lai 1990). GIS also differs from 

these in that it can permit spatial operations on the data (ESRI 1992). GIS can create new 

information (Parker 1988) and may potentially be able to answer many questions about 

geographic information not otherwise possible (Cowen 1988). 

Soil conservation and forestry initially developed GIS in the early 1970's for the management 

of ground and remotely sensed data in the monitoring and managing of natural resources 

(Tomlinson Associates Ltd. 1989). The use and application of GIS has grown rapidly in the 

1980's and early 1990's, parallelling the development of technology. The reduced cost of 

hardware in recent years has allowed GIS to be embraced worldwide by many organisations 

in the private and government sectors and academia (Parker 1988; ESRI 1992). GIS software 

is supported by a range of computer types and operating systems, which vary in their graphic 

user interface and database management (Parker 1989). GIS is rapidly being developed as a 

sophisticated all-round tool, capable of solving many geographical and environmental 

problems. 
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1.4.6.2 Vector-based GIS 

Geographic information is most commonly thought of as having two basic characteristics: a) 

the actual characteristic such as the variable, its classification, values, name, etc. and b) its 

spatial location, i.e. where it is (Dangermond, 1989). A third element relevant to GIS is time, 

which is often independent to these components. The ability to combine these data types is a 

major strength of GIS. 

GIS types are often referred to by their generic data structure e.g. vector (spatial feature data) 

or rastor (see Dangermond, 1989). Vector data comprise lines or points as opposed to rastor 

which is made of pixels (small squares). A vector-type GIS (e.g. ARC/INFO) may comprise 

a number of c o m m o n components or feature classes. These include nodes, arcs and polygons 

which form the coverage, a digital version of a map, the basic unit of vector data storage in a 

vector-type GIS (ESRI 1992). A coverage stores map features (e.g. arcs, nodes, polygons and 

label points) and secondary features (e.g. tics, map extent, links and annotation). A coverage 

is also a set of thematically associated data e.g. soils streams, roads or land-use (ESRI 1992). 

Coverages include the three primary nodes, arcs and polygons (Parker 1988; ESRI 1992). A 

node is a point feature that represents a discrete location in a coverage. A n arc is a line 

feature comprising a set of ordered co-ordinates and is stored as an arc attribute table. 

Reserve boundaries, roads and contours are examples of arcs. They can be created by 

entering co-ordinates (e.g. cadastral points) or by electronically tracing (digitizing) data from 

a map or photograph. A node (or arc) may represent a shape too small to display as an area 

such as a sampling plot, and an arc may also have no width such as a contour line (ESRI 

1992). A polygon is an area feature of a homogenous nature with enclosed boundary. A n 

example of polygon would be a vegetation type or water body. Polygons are created when 

information from an external source is transferred to, or after a GIS function is applied to a 

data set. Polygons are stored in polygon attribute tables (PAT) and are identified by labels in 

the form of points (ESRI 1992). 
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T w o important coverage features include point labels and tics. Label points link polygons to 

their associated attributes. Tics serve as the reference sites for a coverage. They represent 

the earth surface for which real-world co-ordinates exist (ESRI 1992). Tics allow layers to 

register to each other and adjoining coverages. Coverage or map extents are units of 

measurement determining the scale of the bounding limits of the coverage. 

Spatial information is also represented in A R C / I N F O by geographic data models other than 

coverages. These specialist models offer important strengths for handling different 

geographic features and include grids, images and triangulated irregular networks (TIN) and 

lattices (e.g. digital elevation models Twery et al. 1991). The application of these utilities to 

a GIS project may depend on the analysis approach required for the data involved. 

After a coverage has been established, a number of geographic functions can be performed 

with A R C / I N F O to generate new information. A good example of this is buffer generation, 

which has great application in geographic analysis. A polygon is created at a specified 

distance around an existing point, line or polygon (ESRI 1992). Twery et al. (1991) have 

demonstrated the use of buffering in developing their predictive models. 

1.4.6.3 Functionality 

GIS use geographic data models. As an example of this, ARC/INFO stores data in layers or 

coverages. 'A coverage consists of topologically linked geographical features and their 

associated descriptive data stored as an automated map...' (ESRI 1992). 

A wide variety of data may be used in a GIS project. Dangermond (1989) describes six basic 

kinds of systems able to provide digital data required for interface to or integration into a 

GIS. 

Digitizing directly from available maps is the most common form of acquiring data for GIS 

although using geodetic control information (e.g. C O G O ) is more accurate (Dangermond 

1989). Scanning existing maps and aerial photographs is also a common form of data-

acquisition. 
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Remote sensing is largely an external information source for input into a GIS (Parker 1988), 

and has a close association to GIS in fields such as natural resource management. The 

products of remote sensing are n o w an integral part of the development of any GIS project 

(Welch etal 1992). 

Remote sensing has been applied to the development of the Department of Conservation and 

Land Management's ( C A L M ) heritage agreement with the Australian Heritage Commission 

on managing Western Australia's southern forests ( C A L M 1992; Spencer 1992) and the 

revision of the Forest Management Strategy ( C A L M 1987). Aerial photography and GIS 

(Intergraph Workstation) have been used to calculate the timber inventory of 1.3 million ha 

of jarrah Eucalyptus marginata forest in Western Australia (Biggs and Spencer, 1990). This 

study involved intensive systematic sampling using large-scale aerial photographs to provide 

gross bole estimates from canopy cover. Product classes were then derived from this data 

using GIS (Biggs and Spencer, 1990) to provide technical data for supporting timber 

harvesting strategies for Western Australia. 

GIS projects also utilise data from relatively new sources such as Global Positioning Systems 

(GPS) (Welch et al. 1992). A G P S is a hand-held computing device that can record a site or 

boundary location by calculating the position using special radio frequencies generated by 

available satellites. Lass and Callihan (1993) report the use of GPS's to provide location and 

boundary information on the extent of a weed species and subsequent use for GIS analysis 

and output. Data collected by GPS's have been used to map the distribution in W.A. of the 

serious weed bridal creeper (Myrsiphyllum asparagoides) (Scott and Pigott 1993). There 

appears to be a strong link between the distribution of bridal creeper and anthropogenic 

disturbance. 

1.4.6.4 Geographic analysis and modelling 

A major benefit of using a GIS is the ability to analyse several layers of geographic data and 

answer questions pertaining to that information (ESRI 1992). The following Australian 

examples illustrate several types of geographic analysis achieved using ESRI's ARC/INFO 

with databases constructed from a variety of sources. 
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Landsat M S S and T M (thematic mapper) digital imagery has been utilised using ARC/INFO 

to assist staff in monitoring land clearing and changes in cropping activity in N S W (Johnston 

1991). Areas of clearing and cropping are traced from Landsat images, checked in the field 

and then digitised. Results are combined with data-bases of road and property boundaries 

and tailored to the end-users' needs (Johnston 1991). The resultant maps are used by staff in 

extension work to assist landholders in making more informed land-use decisions. 

GIS has been used to develop support for wildlife management programs. ARC/INFO has 

been used to define priority areas of habitat management for Leadbetter's possum and 

production forestry in the Central Highlands of Victoria (Smith and MacFarlane 1991). 

Buffering has been used to exclude timber harvesting from areas (e.g. streams) likely to 

contain habitat trees with suitable nest hollows. 

Similar techniques using ARC/INFO have been used in Western Australia by C A L M to 

define conservation areas in the current Forest Management Plan (Farrell personal 

communication). Generation of buffers around streams and roads using GIS has provided 

accuracy not available before which allows mapping of areas to be excluded from logging 

activities. 

A n intelligent GIS has been established by Twery et al. (1991) by incorporating knowledge-

based rules to predict the likelihood of suitable habitat for a particular forest pest. The 

ARC/INFO TIN module was applied to a digital terrain database (derived from contours) of 

the West Virginia University Forest. Arcs created by TIN (see §1.4.6.2) were classified 

according to accepted topographical features and a surface coverage was derived based on 

slope and aspect. A set of rules based on local field expertise and other available information 

was established. It contained a predicted dominant species for fifty-two slope, aspect and oak 

(Quercus spp.,) stand percentage classes (Twery et al. 1991). From these coverages, 

ARC/INFO species composition and cover type were predicted, with only a small error level. 

Stoms et al. (1991) has used a digital terrain model and ARC/INFO to predict vegetation type 

for National Park and forest areas in southern Sierra Nevada. Elevational and topographical 

moisture gradients were used to derive fauna habitat maps for different ranges. Statistical 

analysis revealed that the use of a GIS may be sensitive to areas selected for conservation 

because of predicted species richness (Stoms et al 1991). 
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A current project being developed by C A L M and U W A is a model to predict the potential 

distribution of destructive plant disease caused by Phytophthora cinnamomi in conservation 

reserves on the south coast of Western Australia (Wills et al. 1994). Existing information 

about the ecology, spread and distribution of these pathogens is being combined with 

physical attributes of the area, such as elevation, soils and vegetation to delineate areas of 

high disease risk for special management. A R C / I N F O is being used to analyse both raster 

and vector data sets and produce output products accessible for land managers (Wills et al. 

1994). 

1.5 Thesis objectives and aims 

The broad objective of this research was to study the effects of repeated wildfires and the 

resultant weed invasion on native plant communities at the Star S w a m p Bushland Reserve in 

metropolitan Perth, Western Australia. To examine this a series of research projects was 

established in remnant native vegetation located at the Reserve. The following aims were 

established for the investigation: 

• to record patterns of disturbance in the Reserve resulting from anthropogenic 

disturbance and fire regimes; 

• to describe and m a p plant species richness patterns, weed invasion and the plant 

communities of the Reserve; 

• to examine changes in plant communities over time in the Reserve; 

• to examine changes in canopy cover of Tuart {Eucalyptus gomphocephala) woodland 

over time in the Reserve; 

• quantify the responses of major weed species to manual weed control techniques; and 

• to provide guidelines for the management of the vegetation at the Reserve based on 

interpretation of the fire and anthropogenic disturbance regimes, species richness 

patterns, weed invasion, plant communities, tuart canopy cover and weed control 

techniques; 
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A description of the physical environment of the Reserve follows, together with a review of 

previous research conducted on vegetation at the Reserve. The establishment of a data-base 

linked to the GIS ARC/INFO, which supports a number of the research projects, is also 

described. This information provides the background to the chapters detailing the principal 

research projects. 
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2. THE PHYSICAL ENVIRONMENT OF THE STAR SWAMP 

BUSHLAND RESERVE 

2.1 Location 

The urban region of Perth, Western Australia occupies part of the Swan Coastal Plain and 

Darling Scarp, the two most prominent landscape features of the region (Seddon 1972; 

Schmidt 1983). Star S w a m p Bushland Reserve (henceforth referred to as the Reserve) is a 

bushland remnant located on the Coastal Belt of the plain (Wilde and L o w 1978), north of the 

Swan River (Fig. 2.1). The Reserve occurs in the suburbs of North Beach, Hamersley and 

Waterman (31° 5 l'S, 115°45*E). 

Star S w a m p and surrounding bushland is designated an 'A' Class Reserve1. The area 

comprises 95.79 ha surrounded entirely by urban development and is bounded to the south 

by North Beach Road, Marmion Avenue to the east, Beach Road to the north and along part 

of the western edge by Hope Street (Fig. 2.2). The vegetation of the Reserve consists of a 

melaleuca dominated wetland (of about 4 ha), mixed Banksia and Eucalyptus woodlands, and 

heathlands occurring on coastal limestone (Loneragan et al. 1984). 

1An 'A'Class Reserve is one created by an act of Parliament for a specific purpose (e.g. conservation 

of flora and fauna) and vested in a management body (e.g. local authority). 

2 This figure is the area of reserve vested in the City of Stirling but not the total area of bushland 

assessed in this study. Approximately 7 ha of bushland in the southwest of the Reserve is vested in 

other authorities, but managed as part of the Reserve. 
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Figure 2.1: Location of the Star S w a m p Bushland Reserve in 
the northern suburbs of the Perth metropolitan area. 
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Figure 2.2: General perimeter, cadastral boundary, names of bordering roads, 
reference sites and some of the adjoining landuse types of the Reserve, 
and the location of Star Swamp. 



2.2 History 

2.2.1 Land-use pre 1900 

The earliest record of Star Swamp and the surrounding area is attributed to the surveyor 

James Cowles (1866)3 A sketch of the area showed a swamp at the end of a track marked 

with a star. This suggests that he may have recorded measurements for a nearby azimuth 

(usually marked by a star). This survey led to 3 leases taken out by M r E. Hamersley in 1867 

including Star Swamp and some bushland to the north (119 acres in lease No. 368). The rest 

of the present reserve was included in pastoral leases to M r L.R. Hamersley (950 acres in 

lease No. 293) and M r F. Andrews in 1887 (1000 acres in lease No. 368). The whole of the 

area was referred to in the government lease book as the Waddington Railway Reserve, but 

no previous records of this are known. Star S w a m p is later recorded on 1890 public plans 

detailing leases for the region. 

The North Beach area (including Star Swamp) was a holiday destination for the Hamersley 

family in the very early days of Perth's settlement (North Beach Historical Society 1978). 

They built a large house near M t Flora and regularly entertained high-profile' guests up to the 

early 1890's. 

There is evidence from tree markings that at some time aboriginal people camped in bushland 

north of the swamp. The same part of the reserve was used by drovers in the late nineteenth 

century as an overnight camp, when moving cattle from Dongara to Fremantle. 

information in this section is compiled from original notebooks, lease books, plans and maps held in 

the archives of the Battye Library, Perth. 
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2.2.2 Land-use post 1900 

At the turn of the century the bushland was used for grazing cows from nearby dairies (North 

Beach Historical Society 1978). Wild brumbies were also common and an annual round-up 

of horses was a regular event for many years. About this time Star S w a m p was fenced off 

into two parts (presumably to exclude stock) and one part turned over to cultivation. Camels 

were also kept at the swamp in the same era. In 1919 marl was being extracted from the 

swamp and used to seal roads in the new subdivision called North Beach. At this time the 

swamp was freehold land and was exchanged with the government for nearby land. The 

grazing leases taken out by Andrews and the Hamersley family were 25 years in duration and 

reverted to crown land after their expiration. Government reserves (e.g. recreation and 

utility) created in the area after leases expired are indicated on a surveyors plan in 1925. 

Star S w a m p and surrounding bushland was utilised for other purposes after the turn of the 

century. A government reserve was established about 150 m south of the swamp for a 

'sanitary site', although its gazetted use changed to recreation in 1925. Local residents state 

that despite this change it was used for this purpose in the depression in the early 1930's 

(Pigott 1986). Daily collection and burial of night soil was necessary before septic tanks 

came into regular use in the 1940's. This severely degraded the site inhibiting natural 

regeneration of the native vegetation. Efforts have recently been made to rehabilitate the old 

sanitary site by planting local tree species (Pigott 1986). Ownership of most of the western 

part of the existing reserve changed when the land was purchased from the Crown by the 

State Housing Commission in 1953 and 1973. The remaining bushland remained with the 

Crown as Education Endowment Trust land until the creation of the reserve in 1986 when it 

was swapped for land at Cottesloe. 

During World War II, Star S w a m p was used as a depot for a light-horse division of the 

Australian Army. This is probably why the perimeter of the swamp appears to be cleared in 

1948 aerial photographs, the earliest photographs available for the area. Many activities 

mentioned above are commemorated by a Heritage Trail built through the reserve in 1987 

(Pigott 1987a). 
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The area has long been a popular place for passive recreation by local residents (North Beach 

Historical Society 1978). Examples include walking, bird-watching and drawing in the 

bushland. A race-track for off-road motorbikes was informally developed and used on the 

eastern side of the reserve in the late 1970's. The construction of Marmion Road to the east 

and Beach Road to the north in the late 1970's determined the current shape of the reserve. 

By 1987 all bushland adjacent to these roads had been developed for residential housing. 

2.2.3 Creation of the Reserve 

The conservation and recreational values of the swamp and its surrounding bushland were 

recognised by local residents in the early 1970's when they began to press for the area's 

reservation. However, in 1976 a proposal to develop the bushland immediately adjacent to 

Star S w a m p was made to the State Government (City of Stirling 1987). The initial promise 

of a small reserve around the swamp was unacceptable to the community and in 1977 a 

petition was presented to Parliament to create a flora and fauna reserve bounded by North 

Beach Road, Marmion Road, Beach Road and Hope Street. Despite this action a smaller 

reserve (approximately 15 ha) was proposed in the System 6 Study Report (Department of 

Conservation and Environment 1981). Continued community pressure and a change of 

government in 1983 improved the prospect of the larger area of bushland being reserved. In 

1983 the Australian Heritage Commission placed the bushland on the Register of the 

National Estate and funded studies as a baseline for the development of a management plan 

(Loneragan et al. 1984) and the area was finally declared an A-Class reserve in 1987 by the 

then Labour Government. 
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2.2.4 Current management 

The reserve is currently vested in the City of Stirling for 'Conservation and Passive 

Recreation'. The Reserve is administered by a volunteer advisory group called the Star 

Swamp Bushland Reserve Management Advisory Committee (the Committee), formed in 

1984 to assist the council with management and technical matters. The Committee has 

representation from the City of Stirling, government departments, educational institutions and 

community groups. Specific tasks of the Committee are investigated by sub-committees such 

as the Environmental Sub-Committee (environmental impacts) and the Community sub

committee (community concerns). The Committee's role was expanded in 1988 to include 

two other remnants of native vegetation to the south of the Reserve and its name changed to 

the Star Swamp and Trigg Bushland Reserves Management Advisory Committee. 

A management plan (the Plan) for the Star Swamp Bushland Reserve was proposed by the 

Environmental Sub-committee and, after extensive public consultation, was published by the 

City of Stirling (1987). The plan includes information about the history and natural resources 

(flora and fauna) of the Reserve and management strategies to cater for the variety of 

recreational demands placed on it. Many of the recommendations of the Plan have been 

carried out including the construction of permanent fire breaks and visitor information signs 

(Pigott 1986; 1987a). A revision of the management plan is currently in progress. 

2.3 Geomorphology 

Limestone is the only surface rock found in the Spearwood Dune System. This local feature 

has been named Tamala Limestone (Playford et al. 1976). The highly fossiliferous limestone 

was originally beach deposits of shell fragments, quartz sands and marine organisms, 

subsequently cemented together (Seddon 1972). Secondary calcite deposition has resulted in 

the capping of the rocks after leaching of the overlying aeolian material. 
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2.3.1 Hydrology 

Star S w a m p is a freshwater wetland4, situated approximately 600m from the Indian Ocean. A 

secondary dune of the Spearwood Dune System (Bettenay et al. 1960) separates the wetland 

from the ocean at an average height of about 2 0 m above sea level. The highest point in the 

area is 42m at Mt. Flora, which overlooks Star Swamp some 150m to the northwest (Fig. 

2.2). The highest point in the Reserve, however, is in the southeast corner which is 32 m 

above sea level (Fig. 2.3). 

The water body, at less than lm above sea level, lies in a depression between the secondary 

dune and another dune which runs down the middle of the Reserve. A second depression5 

(2m above sea level) is located 200m to the north of the Star Swamp water body (Fig. 2.3). 

While this second depression is too elevated to ever contain free water, it has a waterlogged 

substrate for most of the year (Loneragan et al. 1984). Star S w a m p and the Ada Street 

depression are the two largest drainage basins within the Reserve and have areas, including 

that outside the Reserve boundaries, of 78 and 53 ha respectively. Although much of the 

western slopes of these basins lie outside the Reserve, road runoff appears to have increased 

the annual flow of water into these swamps in recent years (Loneragan et al. 1984). Star 

Swamp and the Ada Street depression are in direct hydraulic connection with the Gnangara 

Mound, the important regional flow system of the northern Swan Coastal Plain (Loneragan et 

al 1984). Road run-off from the residential development on the west side of the Reserve 

influences the water level in Star Swamp. 

4Star Swamp is a meso wetland comprising of a single sumpland, with partially peripheral vegetation 

which is heteroformic in nature {sensu Seminuik ef al. 1990). 

5The depression to the north of Star Swamp is a lepto wetland (sensu Seminuik et al. 1990). 
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Figure 2.3: Contours for the Reserve (metres above sea-level) at 1 metre intervals. 



Basins overlapping the east side of the Reserve were shaped by a series of older dunes 

formed through wind erosion and deposition (Fig. 2.3). A common feature of this process is 

the exposed limestone on the crests of the old dune formations (Loneragan et al. 1984). All 

of the drainage basins are now partially urbanised altering the annual flow and amount of run

off. 

2.3.2 Soils 

The overlying sands of the Swan Coastal Plain are of mixed shoreline and aeolian origin 

(Seddon 1972). Erosion of the sand deposits by wind and water has followed the deposition 

and leaching processes to expose the limestone. This is a feature of the Cottesloe Soil 

Association, one of two associations in the Spearwood Dune System (Bettenay et al. 1960). 

The other association is known as the Karrakatta Soil Association and is delineated by the 

deposition of additional sands from the weathering of the soils in the Cottesloe Association. 

The Karrakatta soils are deeper than the latter soils and reflect the different length of time 

involved in their development. 

Watson (1978) has studied the soils and vegetation of the southmost corner of the Reserve 

including the Star Swamp wetland and much of its remaining uncleared watershed. Her 

analysis revealed three soil types which reflect three out of four of the vegetation types found 

in the Reserve (Bell et al. 1979). The wetland sites were dominated by the c o m m o n swamp 

paperbark Melaleuca raphiophylla in slightly alkaline soils of a grey tone (2.5 Y R ) , most 

likely Beonaddy Sand (McArthur and Bettenay 1960). Compared to soils in the remainder of 

the study area the wetland soils contain higher levels of clay and silt particles with up to 3-5 

times as much organic matter (Watson and Bell 1981). The soils of the mixed Banksia 

woodlands and Tuart woodlands were found to be similar in colour (brown tones, 10 Y R ) 

and texture (loamy sand - sandy loam). McArthur and Bettenay (1960) describe these sands 

as the grey phase of the Karrakatta sands in the Spearwood Dune System. Soils of the open 

heath vegetation type, which were not analysed by Watson (1978), were identified by Bell et 

al (1979) as similar to those of mixed Banksia/ Tuart woodlands. 
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Watson and Bell (1981) showed that the distribution of tree species could be correlated with 

soil pH. This was found to range between 7.5 and 8.0 for the swamp paperbark soils, 7.0 and 

7.5 for the tuart soils and 6.0 and 6.5 for the banksia soils. The results confirmed the more 

limited soil analysis carried out by Bell et al. (1979). 

2.4 Climate 

2.4.1 Background 

The climate of the Perth area is described as 'Dry Mediterranean' (Beard 1990) and is 

characterised by winter rain and 5-6 dry months. The strongly seasonal rainfall is typical of 

mid-latitude climates around the world, providing enough moisture for a sustained growing 

season. 

The weather is dominated by the easterly flow of large anticyclones or highs which determine 

the movement of air across the region from the land or the sea in a variety of directions 

(Seddon 1972). A characteristic feature of the summer weather pattern is the southwesterly 

sea breeze which replaces a weak easterly airflow and assists in reducing the high 

temperatures in the early afternoon. 
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2.4.2 Rainfall 

Average annual rainfall for Perth is 805 m m based on average rainfall recorded at Perth 

Airport (latitude 31°57' longitude 115°51') between 1944 and 1992 (Australian Bureau of 

Meteorology 1993). Butcher (1986) collected rainfall data for 20 locations on the Northern 

Swan Coastal Plain for the years 1966 to 1979 inclusive. In an isohyetal map derived from 

results of the project, Perth was found to occur in the highest rainfall isohyet band of > 800 

m m . Wanneroo and Yanchep (north of Star Swamp), the two closest locations to Star 

S w a m p were found in the adjacent rainfall isohyet band of 750-800 m m , with means of 767 

m m and 770 m m , respectively (Butcher 1986)6. Figure 2.4 shows the mean monthly rainfall 

distribution for Perth, Wanneroo and Yanchep and reveals that most rain falls during M a y 

through September. 

Monthly evaporation follows this pattern for Perth with the highest rate in the summer 

months of December and January (Fig. 2.4). Similar differences between the Perth climatic 

data and Scarborough (3.5 k south of Star Swamp, see Fig 2.1) have been demonstrated by 

Loneragan et al. (1984). Despite differences between locations, Butcher (1986) found that 

rainfall on the Northern Swan Coastal Plain is relatively uniformly distributed, increasing 

slightly towards the scarp from the ocean and diminishing northwards. 

2.4.3 Temperature 

As rainfall increases from summer into winter, temperature drops although it is never low 

enough to impede the growth of plants (Seddon 1972). Figure 2.5 shows Perth Airport 

records for maximum and minimum temperatures. Minimum terrestrial temperatures are 

relatively warm and never fall below an average of 6.4°C. Maximum temperatures are 

probably lower and minimum temperatures probably higher for Star Swamp, owing to its 

location near the coast. 

6Means for the reference sites for the period 1957-1979, used to derive the isohyte map, were 

calculated by averaging original data following Thieson polygon techniques (Butcher 1986). 
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Figure 2-4: Mean rainfall and evaporation for coastal plain locations near the 
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Airport (1948-1992) 



2.5 Vegetation 

2.5.1 The region 

The Reserve is located within the botanical area known as the Perth Region (Marchant et al. 

1987). The Perth Region comprises a diversity of landscapes: the Swan Coastal Plain; 

marine shorelines between the Indian Ocean and western edge of the Western Plateau; from 

the southwest city of Bunbury to Guilderton north of Perth; and inland to the edge of the 

Darling Scarp. The region includes many endemic vegetation types including extensive 

Tuart woodlands (Fox 1981), Banksia woodlands (Beard 1989), and wetland communities 

(Seminuik et al. 1990). In the Perth's highly urbanised northern suburbs however, these 

vegetation types have largely disappeared, therefore the plant communities of the Reserve are 

an important conservation resource. 

2.5.2 Early work 

The earliest recording of plant life around Star Swamp was by Surveyor Cowles in 1866 

when surveying pastoral leases for M r E. Hamersley (S. Pigott, personal communication ). 

He recorded mahogany (jarrah), blackboys and jam (probably Acacia cyclops or A. saligna). 

The survey of recreation reserve #15177 in 1912 for the area around the southern part of Star 

S w a m p (DOLA, 1986) recorded jarrah, tuart, banksia and oak (probably Allocasuarina 

fraseriana). 

A species list for Star Swamp and environs was compiled by Bell et al. (1979) in response to 

local residents concerned about the potential conservation significance of the area. Some 209 

species were identified and four plant community types described: 

Paperbark {Melaleuca raphiophylld) wetland; Tuart {Eucalyptus gomphocephala) woodland; 

Heath (dominated by Acacia species, Ehrharta calycina and Lechenaultia linarioides); and 

Mixed Banksia {Banksia spp., Eucalyptus spp. and Allocasuarina fraseriana) woodland. 

7 Mrs Sandra Pigott is a former archivist at the Battye Library in Perth. 
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A further survey of the Reserve in 1983 extended the species list to 221 species (Loneragan et 

al. 1984). Survey work in 1986 recorded an additional 79 species for the Reserve, increasing 

the list to 300 (City of Stirling 1987). 

2.5.3 Plant communities 

The Paperbark community (Bell et al, 1979) is readily defined by the presence of the 

common swamp paperbark Melaleuca raphiophylla, which forms a closed canopy over the 

wetland. The Paperbark community is characterised by low species richness (49) and a high 

level (49%) of introduced species (Loneragan et al, 1984). The paperbark understorey is 

comprised of the perennial species restricted to wetlands, including Gahnia triflda, Baumea 

juncea, Sporobolus virginicus and the introduced bulrush Typha orientalis (Watson and Bell, 

1981). Originally tuart was more common but many trees have died at Star Swamp due to 

increasing water levels resulting in permanent waterlogging (Watson and Bell, 1981). 

Tuart woodland is a unique vegetation type on the coastal plain because of its open nature 

and the height to which mature tuarts can grow (Fox, 1981). Some 129 species (not 

exclusive) are recorded from the community comprising 2 4 % endemism and 28.7% 

introduced species (Loneragan et al. 1984). Tuart is associated with other trees throughout 

the Reserve but also occurs in a pure form next to Star Swamp as Tuart woodland (Bell et al., 

1979). The perennial species forming the understorey of Tuart woodland tend to have a 

general distribution throughout other communities in the Reserve. These include 

Xanthorrhoea preissii, Jacksonia sternbergiana, Hibbertia hypericoides, Conostylis aculeata 

and the introduced shrub Pelargonium capitatum. Smaller trees such as the adventitious 

orange wattle, Acacia saligna and the bull banksia, Banksia grandis can be found in patches 

in the Tuart woodland (Watson and Bell, 1981). 
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Mixed Banksia woodland is dominated by two trees, the firewood banksia Banksia menziesii, 

and the narrow leaf banksia, Banksia attenuata with an overstorey of tuart and scattered 

minor trees, e.g. Fraser's casuarina Allocasuarina fraseriana and pockets of Jarrah 

Eucalyptus marginata (Watson and Bell, 1981). One hundred and thirty-five species (not 

exclusive) are recorded from the community comprising 28.2 % endemism and 22.2 % 

introduced species (Loneragan et al. 1984). Important perennial understorey species 

restricted to this community include Mesomelaena stygia, Dryandra nivea, Scaevola 

canescens and Petrophile macrostachya. 

The fourth plant community type recorded by Bell et al (1979), is the Open Heath 

community. Restricted to limestone outcrops it lacks any tree component. It is low in 

species richness (66) and endemism (7.6%) and relatively weedy (30.3 % ) (Loneragan et al. 

1984). C o m m o n perennial species include Acacia spp., Lechenaultia linarioides, Grevillia 

thelemanniana and the annual weeds Ehrharta longiflora, Hypochoeris glabra, Ursinia 

anthemoides and Lupinus cosentinii (Bell et al, 1979). 

In 1978 a detailed analysis of the vegetation of Star S w a m p and adjacent bushland was 

carried out (Watson and Bell, 1981). The distribution of plant communities correlated to the 

presence of seasonal flooding and the p H level in the soil. The study revealed that native 

plant communities in the study area were deteriorating with high levels of weed invasion and 

mortality of major tree species (Watson and Bell, 1981). 

2.5.4 Flora 

The total number of species (300) includes 197 (66 % ) native species and 103 (34 % ) 

introduced species or weeds (City of Stirling 1987). The total native species comprises 59 

(30 % ) native monocotyledons and 138 (70%) native dicotyledons. Some 71 families are 

currently represented in the flora including one member of the Cycadales, 20 of 

Monocotyledonae and 50 Dicotyledonae. The most common monocotyledon families are 

Poaceae (21 spp.), Orchidaceae (13 spp.), Cyperaceae (12 spp.), Anthericaceae (10 spp.) and 

Iridaceae (9 spp.). The most common dicotyledon families are Fabaceae (24 spp.), 

Asteraceae (22 spp.), Proteaceae (19 spp.), Myrtaceae (15 spp.) and Apiaceae (9 spp.) (City 

of Stirling 1987). 
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2.5.5 Plant species richness 

Plant species richness in the Reserve is similar to other reserves on Spearwood and 

Karrakatta dunes on the coastal plain north of the Swan River (Table 2.1). The high numbers 

of native species (197) compare favourably as a local conservation resource to important 

reserves such as King's Park (275) and Bold Park (226). The Reserve also has a relatively 

high number of representative plant families (Table 2.1) supporting a diversity of species as 

well. The proportion of weeds in the flora is similar to other local reserves (Table 2.1), due 

largely to the number of weedy garden escapes in the flora (Pigott 1986). 

Table 2.1 :Floristic data recorded for reserves of Spearwood and Karrakatta dunes of the 

Swan Coastal Plain, north of the Swan River. 

Reserve 

Yanchep National 
Park1 

Bold Park1 

Woodmans Pointz 

Kings Park 

(bushland) 

Star Swamp 

Bushland 

Pinnaroo 

Memorial Park4 

Size ha 

2,799 

321 
80 
250 

100 

11 

Total 
species 

510 

356 
75* 
418 

300 

142 

No. 

natives 

405 

226 
51 
275 

197 

101 

No. 
families 

-

79 
33 
48** 

71 

50 

% weeds 

20.6 

29.6 

32.0 

34.2 

34.0 

28.9 

1 Keighery et al. (1990) 
2 Fox and Majer (1980) 
3 City of Stirling (1987) 
4Foulds(1988) 
* Powell & Emberson (1980) recorded 66 native species from 29 families 
** Families of native species derived from Baird (1977) 
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2.6 Disturbance history 

2.6.1 Background 

The Star Swamp Bushland Reserve and the suburbs to the west of it (Trigg, North Beach and 

Watermans) have a history of European activity which predates most of the development of 

the northern suburbs of the Perth Metropolitan area (unpublised records Battye Library). 

Grazing and watering of stock, timber cutting, rubbish disposal and recreation are part of this 

history. All of these activities, and others, have had an influence on the vegetation and 

wildlife at the Reserve. The true extent of this will never be known as no detailed 

descriptions or analysis of the vegetation was undertaken following white settlement until 

1977 (Bell etal 1979). 

2.6.2 Anthropogenic disturbance 

The history of anthropogenic activity in the reserve has been discussed earlier in the chapter. 

Many of these activities, particularly in the vicinity of the swamp, are likely to have had a 

negative effect on the composition and structure of the native vegetation. The long-term 

effects of these activities on remnant vegetation in the southwest of W A have been discussed 

elsewhere, for example, Hobbs (1987), Saunders and Curry (1990) and Pigott (1991). These 

effects include loss of edible native species, nitrification of soil and water, and weed 

invasion. Impacts discussed by Wilson (1990) are also relevant, particularly increases in 

herbaceous plants, inedible species and soil erosion. 

The earliest anthropogenic disturbance on the bushland was the partial clearing around Star 

S w a m p for horticulture and stock grazing. More recently government departments such as 

the Western Australian Water Authority have cleared bushland in the Reserve for public 

utilities such as drainage pipelines (Loneragan et al. 1984). 

This disturbance, which was not rehabilitated because of proposed housing developments, 

has had a detrimental effect on a large area of the bushland. 
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The most visible type of anthropogenic disturbance in the Reserve is the proliferation of 

tracks. Some have grown over after a period of disuse, but predominantly with pioneer 

native and weed species only. The historical development of tracks without formal planning 

was exacerbated with the intervention of local government in the early 1980's. The perimeter 

and several major tracks were ploughed annually for fire control until this practice ceased in 

1986 with the implementation of the management plan. Other negative anthropogenic 

activities in recent years included dumping of cars, household rubbish, garden clippings and 

builders' rubble (Pigott 1986). 

2.6.3 Fire 

Fire is considered an intrinsic part of the vegetation in the southwest of Western Australia 

(Gardner 1955). However most of the fire-history between European settlement and the 

present is difficult to document. Documenting and monitoring fire history is important so that 

managers can understand if there have been changes to 'natural fire regimes' during this time 

and manage conservation resources accordingly. Fire regimes include the frequency, 

periodicity and size or pattern of fire. 

Fire history records have not been kept for most remnants of bushland in Perth. The 

exception is Kings Park where accurate records have been kept on area burnt, time, date and 

the cause of each fire since 1944 (Wycherley 1984). All fires at Kings Park have been 

deliberately lit; there are no records over 40 years of fire being started by natural causes, such 

as lightning or spontaneous combustion. In addition Baird (1985) has mapped the extent of 5 

fires which occurred at the Yule Brook Botany Reserve at Cannington between 1958 and 

1983. 

Bridgewater and Backshall (1981) have concluded that increased fuel loadings from veldt 

grass {Ehrharta calycina) and other introduced species will result in changes to the 

woodlands (eucalypt dominated) of the coastal plain as described by Beard (1967). The 

bushland will accumulate enough fuel, mostly from introduced veldt grass, in about four to 

five years after wildfire to carry another fire (Wycherley 1984). 
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Available fuels in banksia low woodlands on sandplains north of Perth have accumulated to 

8 0 % of the original available fuels by four years (Burrows and M c C a w 1990). Given the 

similarity to Kings Park and Star S w a m p Banksia woodlands and the additional fuel of veldt 

grass in the urban area, enough fuel may accumulate for fire to occur in less than four years. 

Little information on fire history has been recorded for the Reserve (Loneragan et al. 1984). 

A severe fire in 1981 burnt a large part of the Reserve, resulting in major canopy damage and 

exposure of the soil surface (Dodd 1981). Three fires were deliberately lit in the summer of 

1984, however, they burnt smaller areas (Loneragan et al. 1984). 

Another major fire burnt most of the Reserve in 1985 before being brought under control by 

the construction of a fire break through uncleared bush in the northern part of the reserve 

(City of Stirling 1987). 

2.7 Establishment of a database 

2.7.1 Background 

Prior to late 1977, no systematic survey work had been conducted at the Reserve. Watson 

(1978) established a sampling grid comprising 0.25 ha cells in 1978 for sampling vegetation 

and soils. However this grid only covered the water body (Star Swamp) and the adjoining 

bushland in the southwest corner of the Reserve. This area was chosen because road and 

housing developments were planned for much of the remaining native vegetation in the area 

(DCE 1981; City of Stirling 1987). 

A larger grid was required to allow sampling of the whole Reserve for plant communities, 

weed invasions and fire history, and to develop a basis for further monitoring of management 

activities. 
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2.7.2 Methods 

The Reserve was divided up on an existing map into blocks approximately 150m by 175m; in 

line with the streets of North Beach and perpendicular to Hope Street boundary to the west 

and the major north-south track to the east. These lines were surveyed on foot, using tape 

measure and compass to mark the grid-line intersections in the bushland. Each of these 

reference sites was permanently marked with a star picket. A total of 48 rectangular blocks 

were created in this manner, except blocks adjacent to the northern, eastern and southern 

boundaries which were irregular because of the shape of the Reserve (Fig. 2.2). For this 

study the coiners of these blocks (179 reference sites) were used for sampling flora and fire 

regimes. 

Details of the location of the Star S w a m p Bushland Reserve boundaries are stored in the 

computer using Australian Mapping Grid co-ordinates (in metres) from a legally accurate 

cadastral survey. Any points stored between these references, therefore, have a precise 

location to within 0.001 of a metre. Points were plotted onto a map of the Reserve (in A R C -

INFO) to represent the four corners of each block and each point given a unique identification 

number (Fig. 2.2). 
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3. ANTHROPOGENIC DISTURBANCE AND FIRE REGIMES 

3.1 Background 

The determination of anthropogenic disturbance and fire regimes is useful in understanding 

how the present composition of plant communities has changed over time. Anthropogenic 

disturbance regimes include clearing, trampling and grazing of domestic/animals (Hobbs 

1987; Morgan 1987). Fire regime attributes include fire frequency, fire season, fire size and 

fire intensity (Gill 1981a). The link between the two regime types to weed invasions and 

reduced conservation values of urban vegetation is widely accepted (Wycherley 1984; 

Hopkins and Griffin 1989). Knowledge of anthropogenic disturbance and fire regimes is, 

therefore, important to properly determine future management practices for areas of remnant 

vegetation. 

Fire intensity and fuel loadings are not examined here. For banksia woodlands similar to the 

Reserve near Perth, fire intensity and behaviour has been studied by Hobbs and Atkins 

(1988b) and detailed estimates of available standing fuel have been made by Burrows and 

McCaw(1990). 

For other aspects of fire and anthropogenic disturbance regimes, there are a few studies that 

have examined bushland in the Perth area. Seddon (1972) and Bridgewater and Backshall 

(1981) allude to the high number of fires in urban bushland around Perth, but provide no case 

studies. 

For Kings Park bushland near Perth anthropogenic activity is an integral part of the fire 

regime. Wycherley (1984; 1991) has recorded a high fire frequency at Kings Park over 50 

years, due largely to high public usage and easy access. Most fires were deliberately lit 

around the middle of the day, and during two weeks in the middle of each summer (Wycherley 

1984). Baird (1985) has recorded a smaller number of fires (between 3 and 5) over 35 years at 

the Yule Brook Reserve, where public usage is low, and has mapped the year of the last fire. 

Similar numbers of fires have been recorded for Banksia woodland north of Perth by Bamford 

(1985). 
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Little previous synthesis on the fire and anthropogenic disturbance regimes has been 

attempted for Star S w a m p Bushland Reserve (Loneragan et al. 1984), although as mentioned 

earlier the extent of the last fire has been mapped by the City of Stirling (1987). 

3.2 Aims 

The aims of this chapter are: 

• to establish a data-base containing fire and anthropogenic disturbance regimes for the 

Reserve; 

• from the information in the data-base, provide anthropogenic disturbance and fire 

regime maps for the Reserve; 

• to use the data-base and mapped information to identify management procedures. 

3.3 Methods. 

3.3.1 Anthropogenic disturbance regime 

The anthropogenic disturbance regime of the Reserve was determined from several sources. 

These included aerial photographs, City of Stirling maps, Department of Land Administration 

(DOLA) maps and records from the Battye Library. Oral history from local residents 

corroborated some of the information. ARC/INFO was used to capture and store data the 

Reserve database, and then create the required coverages. Arc View 2 (ESRI 1994) was used 

display maps for the figures. Where use of ARC/INFO and Arc View was not appropriate, 

Excel 5.0 (Microsoft 1993) was used for statistics and charting of the sample data and 

environmental variables. 
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Current tracks and areas known to have been cleared were digitized (electronically traced) 

from a five times enlargement of the 1985 aerial photograph. Coverages were created and 

stored separately for each theme. Transformation by A R C - I N F O of the digitized image 

allowed for camera angle distortion in the photograph. Details of the severity of disturbance 

and width or present condition of tracks have not been recorded as part of this study. 

3.3.2 Fire regimes 

The extent of individual fires for the Reserves fire regimes (1948-1987) were compiled with 

reference to aerial photographs of the area n o w known as the Reserve. Copies of all available 

aerial photographs were obtained from the earliest taken in 1948 up to 1985. Field surveys 

carried out after fires in 1986 and 1987 provided data on the extent of fires for these two later 

years. Fire regime details (see §1.3.3.1) for individual fires between 1981 and 1987 were 

improved using notes taken by local residents near the Reserve, particularly on the cause and 

timing of fires. Altogether, data on fire regime attributes were available for a study period of 

39 years. 

A n outline of the Reserve including data-base reference sites, tracks and the Reserve boundary 

was compiled by hand from a five times enlargement of the 1985 aerial photograph. The 

extent of individual fires for each year was then mapped on this outline. The fire regime 

details were compiled using reference sites to sample the extent of fires in each year. 

Fire scars on aerial photographs of the Reserve were examined to estimate the timing of fires, 

where oral history was lacking. Fires known to have occurred in December were recorded for 

the following calendar year (e.g. December 1985 was recorded as 1986), to ensure fires from 

the same season were classified together. 

The number of fires, length of fire-free period and the year of the last fire (see 2.7.2) were 

determined by hand and the data stored in the Geographic Information System (GIS) for 

manipulation and mapping. This data was also stored in P C format for statistical analysis and 

presentation using a variety of commercial software packages. Fire frequency values were 

calculated by dividing the number of fires by 39 (number of record years). The year of last 

fire was entered directly into the data-base from the original fire regime notes described above. 
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3.4 Results and Discussion 

3.4.1 Anthropogenic disturbance regime 

Descriptions of areas of disturbance were made using oral, written and map regime (Table 

3.1). The early history of the Reserve was dominated by pastoralism and clearing for 

cultivation. During the late 1800's and early 1900's bushland around Star Swamp was 

regularly grazed by domestic stock on the leases held by the Hammersley family (Table 3.1). 

As recent as 1948 the ground surrounding the water body appears from the aerial photograph 

almost bare (Fig. 3.1). The presence of old stumps on the Reserve indicates felling of trees for 

timber to have occurred at some time. Bush was cleared south of the water body for 

'cultivation' and fenced off from stock (Fig. 3.1). 

In the late 1930's about 1 ha of bushland between Star Swamp and North Beach Primary 

School (Fig. 3.1) was cleared for burying 'night soil' (see §2.2.2). The old sanitary site, 

presumably contaminated with human wastes, has remained weedy and largely devoid of 

native species until rehabilitation planting was commenced in 1986 (Pigott 1986). Trees and 

shrubs planted by volunteers have since become established and should now provide cover for 

colonisation by other plants and animals (personal observations). 

Recent clearing of bushland at the Reserve has been carried out by various public utilities. 

These include road building by Main Roads of Western Australia ( M R W A ) , and pipeline 

excavation by the State Electricity Commission of Western Australia ( S E C W A ) and the Water 

Authority of Western Australia ( W A W A ) (Fig. 3.1). 
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Table 3.1: Anthropogenic events at Star Swamp Bushland Reserve linked to various 

types of disturbance. 

Code for 
Figure 3.1 

Whole 
reserve 

Whole 
reserve 

1 

2 

1 

1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Date of disturbance 

before 1869 

1871 to early 1900's 

mid 1800's 

early 1930's to 1945 

1942-1945 

prior to 1948 

prior to 1948 

prior to 1948 

1968 

1970 

1973 

1976 

1977 

1980 

1981 

1980's 

1980's 

1987 

Specific disturbance event 

Waddington Railway Reserve-access for 
timber cutting for railway sleepers. 

Crown lease for agricultural purposes to 
S.J.Hammersley-SW fenced off for 
grazing. 

Watering place for stock inc. cattle, 

Cleared for burying of "night soil" and 
other rubbish. 

Watering place for camel and horses. 

Clearing for cultivation at south end of 
swamp 

Overgrazing and clearing at swamp. 

Clearing for timber. 

Motocross track on previously disturbed 
site. 

Clearing and excavation for main drain. 

Clearing and excavation for Karrinyup 
sewer. 

Marmion Ave. extension. 

Marmion Ave. extension and drain 
excavation. 

Carine sewer extension excavation. 

Beach Rd. sump. 

Dumping of garden rubbish. 

Development north of North Beach 
Primary School. 

Gas pipeline excavation in SE of Reserve 

Source 

Battye Library Archives 

Battye Library Archives 

Battye Library Archives 

Anon (1978); Battye Library 
Archives 

Anon (1978) 

Battye Library Archives 

Aerial photograph 

Oral history; field data 

Oral history; aerial 
photograph 

Aerial photograph; W A W A 
maps 

Aerial photograph; W A W A 
maps 

Aerial photograph 

Aerial photograph; W A W A 
maps 

Aerial photograph; W A W A 
maps 

Aerial photograph; W A W A 
maps 

Field data 

Aerial photograph 

Field data 
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Star Swamp Bushland Reserve 

General boundary 
•../ Tracks 

Disturbance pattern 
Disturbance event 

78 0 78 156 Meters 

Figure 3.1: Patterns of anthropogenic disturbance (see Table 3.1 for 
numbered events) for the Reserve from circa 1900 to 1987. 



Figure 3.2 shows the layout of tracks found at the Reserve. Some of these are directly 

associated with concentrated periods of activity (Table 3.1). The general layout of tracks has 

its origins in the early 1950's when usage in, and access to, the Reserve as different. Other 

tracks have been sealed and are currently used as firebreaks and guided walk-trails (Pigott 

1987a). 

Bushland on the southern and western boundaries of the Reserve has been degraded by 

dumping of old cars and other rubbish (Pigott 1986), clearing and weed invasion (City of 

Stirling 1987). The anthropogenic disturbance regime for the Reserve includes the location of 

degraded areas and the layout of current tracks. Degraded areas in the southwest of the 

Reserve are associated with access points near the S w a m p on Hope Street and the end of Groat 

Street. 

Other degraded areas are associated with large-scale engineering projects in the southeast of 

the Reserve. Cleared areas and tracks increase the edge effect on bushland and reduce the area 

of undisturbed vegetation. Increased access also leads to a range of unwanted activities (see 

§1.1). Increased weed invasion increases the risk of fire and fire intensity (Hobbs 1987). 

3.4.2 Fire Regimes 

3.4.2.1 Fire coverage, timing and origin 

Evidence of fire in Australian vegetation can be determined accurately from aerial 

photographs (Howard 1973; Burrows and Christensen 1991). A total of 34 fires was recorded 

in the area n o w known as the Reserve for the period 1948 to 1987, and occurred every 2 to 5 

years. These included 3 fires early in the study period that burnt the whole area and 4 

extensive fires that burnt approximately 7 5 % of the bushland or more (Table 3.1). Other 

significant fires included four partial fires (50-75% coverage) and five minor fires (25-50%) 

(Table 3.1). 
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Star Swamp Bushland Reserve 
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I | General boundary 
A./ Tracks 
4, Access point 

80 0 80 160 Meters 

Figure 3.2: Anthropogenic access points and the distribution of 
tracks at the Reserve prior to the implimentation of the management 
plan in 1987. 



Details of fire regimes for other urban reserves are limited, however, the number of fires 

recorded at the Reserve is more than the five reported for Yule Brook Reserve at Cannington 

(Baird 1984), but considerably less than the 430 reported for the 250 ha Kings Park bushland 

by Wycherley (1984) over a similar period, 1944-1984. Although Yule Brook is about one 

third the size of the Reserve (35 ha), size alone does not explain its low fire frequency. Yule 

Brook is not surrounded by high density urban development and usage is presumed to be 

relatively low. 

To further emphasise the role public access seems to play in fire frequency in yet another area, 

Woodmans Point south of Fremantle (about 80 ha woodland and heathland), has, since the 

turn of the century, had virtually negligible the fire frequency (Powell and Emberson 1980). 

Kings Park, on the other hand, has a very high level of public usage and is regarded as Perth's 

biggest tourist attraction (Kings Park and Botanic Gardens 1993). It attracts a wide range of 

people including an undesirable element, and most fires have been recorded as being 

deliberately lit (Wycherley 1984). 

The major fires between 1948 and 1976 (Table 3.2) burnt over a large area of remnant 

bushland to the east of Hope Street and the north of North Beach Road, including the present 

Reserve. The extension of Marmion Avenue in 1976 and Beach Road in 1980, and 

subsequent housing developments enclosed the bushland adjacent to Star Swamp to form the 

present Reserve (Table 3.1). The consequence of this has been to alter fire extent. Except for 

the 1981 fire, more recent fires have been reduced in coverage. The earlier pattern of 

broadscale burns has been replaced by the small-scale mosaic burning pattern (Table 3.1). 

Active management of fire with back-burning and bulldozing new firebreaks (e.g. 1985), has 
o 

also contributed to the altered fire patterns (D. Edwards, personal communication ). 

M r Don Edwards has been a keen volunteer fire watcher from his residence opposite Star Swamp in Hope 

Street North Beach. From the late 1970's he lobbied various government departments and the City of Stirling, 

on behalf of the community, for the conservation and active management of the Reserve. 
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Table 3.2: Coverage and timing of fire at the Reserve between 1948 and 1987. 

Year 

1948 

1953 

1958 

1961 

1963 

1964-66 

1968 

1970-72 

1974 

1976 

1977 

1981 

1984 

1985 

1986 

1987 

Coverage of 

fire(s) 

Extensive 

Total 

Total 

Total 

Partial 

Minor 

Partial 

Minor 

Minor 

Extensive 

Partial 

Extensive 

Minor 

Partial 

Minor (x 3) 

Minor 

Timing of fire 

na 

na 

na 

Summer 

Summer 

na 

Summer 

Summer (72 only) 

Summer 

Summer 

Summer 

Summer (31 January) 

Summer 

Autumn (16 April) 

Summer (6 & 20 December 

1985&31January 1986) 

Summer (February) 

Source of data 

na 

na 

na 

Aerial photo 

Aerial photo 

na 

Aerial photo 

Aerial photo 

Aerial photo 

Aerial photo 

Aerial photo 

Aerial photo and 

oral history 

Aerial photo 

Field surveys and 
aerial photo 

Field surveys 

Field surveys 
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A feature of the small-scale mosaic burning pattern is that areas unburnt in one fire are burnt 

in successive years. This is typified by 6 separate fires that occurred between 1984 and 1987; 

one partial fire and 5 minor ones (Table 3.2). The year of the last fire was mapped for the 

Reserve to illustrate this contemporary burning mosaic (Fig. 3.3). Most of the Reserve was 

burnt between 1984 and 1987. Star S w a m p and a number of pockets around the perimeter 

were recorded as unburnt since the extensive fire of 1981 (Figure 3.3). A small area of bush in 

the south of the Reserve has not been burnt since 1977, probably due to firebreaks and efforts 

to protect the North Beach Primary School from major fires in 1981 and 1985 (Figure 3.3). 

Small areas of bushland reported to be unburnt 17 years in 1987 (City of Stirling 1987) were 

not large enough to be mapped. 

Most of the significant fires at the Reserve between 1948 and 1987 occurred in summer (Table 

3.2). The exception being the autumn fire of 1985, which occurred after drought conditions in 

the Perth metropolitan area when no rain fell until late April (personal observations; Butcher 

1986). All the fires during the 1980's occurred in the months of December and January (Table 

3.2). 

These results concur with Wycherley (1984) whose analysis of the Kings Park fire regimes 

has shown that fires occur predominantly in summer, particularly between mid December and 

the end of January. During this period urban bushland is most prone to burning because 

annual grasses (mostly introduced) have dried off and there is little rainfall for the period (Fig. 

2.4). 

All the major fires since 1980 are reported as having been deliberately lit in the Reserve (D. 

Edwards, personal communication). Wycherley (1984) has concluded that since records were 

kept first in 1944 no fires at Kings Park were started by natural causes, such as lightning or 

spontaneous combustion. It may therefore be assumed that fires in the Reserve between 1948 

and 1987 have, similarly, been deliberately lit. 
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Star Swamp Bushland Reserve 

boundary 
last fire 

76 152 Meters 

Figure 3.3: Year of last fire at the Reserve based on fire regime 
data for reference sites, 1948 -1987. 



3.4.2.2 Fire frequency 

The distribution of fire frequency for 179 reference sites across the Reserve was determined 

and is summarised in Figure 3.4. The mean number of fires per reference point was 8.6 (± 

1.8). At least four fires were recorded for each reference point, a maximum number of 14 fires 

and a median number of 9 fires. In order to predict the probability of fire frequency a logistic 

curve was fitted to the distribution of fire frequency data using a cumulative probability 

function ( S Y S T A T Inc. 1991). The curve was binomial in shape, with most reference sites 

found to have fire frequencies of 8-10 (Fig. 3.4). 

This number of fires is much lower than the number of fires reported for King's Park, where 

an average of 21 fires was reported each year in Kings Park bushland between 1944 and 1984 

(Wycherley 1984). However, there are no records of the extent and or overlap of these fires. 

Relative fire frequency for the Reserve was mapped for the period 1948-1987 (Fig. 3.5). Fire 

frequency values were assigned to one of five arbitrary classes where each class is a relative 

description of the values for fire frequency (e.g. very high, high etc.). 

Areas of relatively very low fire frequency occur in the wetlands on the west side of the 

Reserve and also in woodland in the southeast corner. These winter wet sites usually dry out 

during the summer (V. Patterson, pers. comm. ) and appear to remain less fire prone than 

other vegetation/soil types. 

9Mrs Vera Patterson lives close to Star S w a m p and has kept records on bird species on a regular basis since the 

early 1970's. Mrs Patterson has also notes on various aspects of the area's natural history as well on the major 

fires in 1981 and 1985. 
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Relatively low fire frequency in the northwest and southeast corners of the Reserve indicate 

bushland pockets which may have been protected by tracks. 

The relatively high fire frequency was found to be the most common class, occurring mostly 

on the eastern boundary of the Reserve and in a southwestern strip through the middle (Fig. 

3.5). It may be possible to generalise about relatively high fire frequency despite its 

widespread distribution. Certainly in the southern part of the Reserve it appears associated 

with major engineering projects (Fig. 3.1). 

Surprisingly, relatively moderate fire frequency was found to be associated with Tuart and 

Tuart/Banksia woodland in the west and south of the Reserve (Fig. 3.5). Although only 

relative to other samples in the Reserve other authors have indicated that this vegetation type 

is highly prone to fire (e.g. Bridgewater and Backshall 1981). 

The pattern of fire frequency appears complicated by the locations and intersection of several 

main fire breaks. Very high classes of relative fire frequency (Fig. 3.5) show up near track 

intersections but away from access points. These 'hot-spots' could be locations where fires 

have been started out of sight from nearby houses. The exception to this is the cluster of 

relatively very high fire frequency near the entry from Marmion Avenue in the southwest of 

the Reserve (see Fig. 3.2). This entry and adjoining track is used by local high school 

students, some of w h o m have been accused of lighting fires in the mid 1980's. Fires were 

recorded as being lit on the high ground in the centre of the Reserve (Fig. 2.3) (D. Edwards, 

personal communication). The 1985 fire was driven from this area down the western slopes of 

the central ridge towards Star S w a m p by a strong following easterly wind. 
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Figure 3.4: Distribution of the number of fires and the expected 
probability curve for the period 1948-1987 for reference sites 
at the Reserve. 
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Figure 3.5: Relative fire frequency for the Reserve based on fire regime 
data for reference sites, 1948 - 87. 



3.4.2.3 Fire-free periods 

Between 1948 and 1987, fire-free periods at the Reserve have ranged between 2 and 20 years with 

an average of 4.5 years. N o sites were found to have been burnt in successive years {ie. fire-free 

for 0 years) or fire-free for 1 year only but, out of the 1353 available fire records, the majority 

(83.74 % ) were fire-free for 5 years or less (Fig. 3.6). 

Fire-free data of 15 years or less from the pooled data10 was used to predict the likelihood of the 

next fire. W h e n fire periodicity data was modelled as a cumulative logistic curve ( S Y S T A T Inc. 

1991) it was possible to determine the likelihood of a fire occurring at any reference site in the 

Reserve (Fig. 3.6). The model shows that the calculated probability of a 2 year fire-free period is 

low (p=0.121) and contrasts the high probability (p=0.581) of a fire-free period occurring at twice 

this interval or 4 years (i.e nearly the observed mean 4.5). Using the model to predict the 

likelihood of a fire-free period of 8 years, for which few data were recorded ,the probability is 

very high (p= 0.934) (Fig. 3.6). Finally, the occurrence of a fire-free period of 15 years or more, 

such as the example cited in §3.4.2.1, is very unlikely (p=0.987). Using this model, it can be 

predicted that bushland at the Reserve unburnt for more than 3 years will probably be burnt during 

the next summer (Fig. 3.6). 

For each reference site the mean fire-free periods were calculated and a frequency histogram of 

these periods plotted (Fig. 3.7). A cumulative frequency curve was fitted to these points. The 

mean values ranged between 3 and 13 and were strongly skewed to the left-hand side, with a 

modal value of 5 years (Fig. 3.7). Despite the increased numbers of fires at the Reserve in recent 

years (see §3.4.2.1), mean fire-free periods were higher than expected, due to the extended fire-

free periods of 9-20 years for many reference sites prior to 1981. 

10 The small number of fire-free records of 16-20 years did not improve the fire prediction model and therefore were 

not used for Fig. 3.6. 
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To test that the increased numbers of fires has reduced the length of fire-free periods, a logistic 

curve was fitted to number of fires and fire-free period data for reference sites (Fig. 3.8). Not 

surprisingly this was proven to be the case. A strong negative correlation between mean fire-

free period and fire frequency was calculated for the period 1948-1987 (r = -0.829), that is, the 

lowest mean fire-free periods corresponded with samples of high fire frequency and vice 

versa. 

Other factors prevail on the likelihood of bushfires. As previously discussed these include 

public usage, fuel accumulation and the time of year (Wycherley 1984). Predictions of the 

likelihood of the next fire have been made by Burrows and M c C a w (1989) for banksia 

woodland near Perth, based on estimates of fuel accumulation. Fine fuels accumulate rapidly 

in 3-4 years after fire and stabilize after 6 years. Given that bushland at the Reserve contains 

highly flammable introduced species (Bridgewater and Backshall 1981) fuel accumulation 

time may be shorter (< 3 years), implying that the predicted likely time of the next fire is 

conservative. 

The significance of being able to predict the likelihood of fire in the Reserve is that attempts to 

protect bushland from fire for more than 8.5 years (95% confidence level for cumulative 

probability) are unlikely to be successful.This poses particular difficulties for conserving plant 

communities characterized by species killed by fire (e.g. the obligate seeder Banksia 

prionotes, Loneragan et al. 1984; Cowling and Lamont 1987). These species require a 

minimum of 5 years for the juvenile period and up to 11 years to reach m a x i m u m seed 

production (Cowling and Lamont 1986). 

Despite these problems, species such as Banksia prionotes has survived high fire frequencies 

and reduced fire-free period at the Reserve. Some mature individuals on the edges of tracks 

are not killed during fire and others survive in patches where the fire is cooler (unpublished 

data). However, overall population sizes have been dramatically reduced during the 1980's. 

For example, one population recorded at a density of 2000 individuals/ha (Loneragan et al. 

1984) was recorded as 325 prior to fire in 1986. Ten individuals survived to juvenile status 

and commence of flowering. However another fire in 1989 killed these individuals. Fifty-one 

seedlings were counted in 1990. 
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3.5 Conclusions 

3.5.1 Anthropogenic disturbance regime 

Past and present clearing practices have reduced areas of native vegetation available for 

conservation at the Reserve. Lack of planning for development of utilities and tracks prior to 

the current management regime have left a legacy of negative disturbance requiring 

immediate attention and application of rehabilitation procedures. To restore the conservation 

values of these disturbed areas, the City of Stirling is implementing recommendations of the 

current Management Plan. 

3.5.2 Fire regimes 

The documentation and analysis of the fire regime has revealed distinct fire patterns at the 

Reserve. A total of 34 fires were recorded for the Reserve between 1948 and 1987. These 

occurred predominantly in summer and anecdotal evidence suggests they were, most 

probably, deliberately lit. The coverage of individual fires appears to have been reduced by 

increased levels of fire protection and the introduction of firebreaks. However the pattern of 

broadscale fires has changed to one of smaller mosaic fires in recent years. 

Average fire frequency at the Reserve was 8-9 fires over 39 years for which data was 

available, ranging between 4 fires in the vicinity of the swamp to 14 fires in upland areas. 

The mean fire-free period between fires was 4.5 years, ranging between annual fires in some 

upland areas and 17 years in the southeast corner of the Reserve. 

Using the periodicity data a prediction is made that areas of bushland not burnt for 5 years or 

more are likely to be burnt the following summer. This has serious implications for fire 

protection of the bushland and component species as well as for adjoining houses, and 

suggest that the recommendation of the current Management Plan for fire exclusion in the 

Reserve is unlikely to be successfully implemented. 
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4. VEGETATION SURVEY AND MAPPING 

4.1 Background 

The vegetation of the Swan Coastal Plain has been classified and mapped using a number of 

different approaches since the turn of the century (see reviews by Beard 1979; Gentilli 1979; 

Heddle 1979). Most studies have used physiognomic descriptions and species preference but 

others, more recently, have used floristic methods to define vegetation units. 

Few studies have used multivariate techniques to define units of vegetation for the Perth area. 

Havel (1968) analysed the relationship between vegetation and environment in the northern 

part of the Swan Coastal Plain to test for the areas suitable for Pinus pinaster plantations. 

Ordination and classification was used to separate species, sites and various soil and 

geomorphologic features. Cresswell and Bridgewater (1985) and Bridgewater and Wheeler 

(1980) sampled remnant bushland on a number of soil types throughout the Perth area and 

used a table arrangement and classification (see Bridgewater 1982) to define a number of 

vegetation units at various levels. They also predict the distribution of these units across the 

dune systems of the Swan Coastal Plain. Vegetation mapping of the areas studied was not 

provided by either study. However Havel's work was used by Heddle et al. (1980) for their 

vegetation mapping of the Coastal Plain (see below). 

Seddon (1972) modified the work of Speck (1952) for his vegetation map of the Perth area in 'Sense 

of Place', using two complexes (or mosaics) and 9 physiognomic units. For the latter Seddon used 

foliage cover and height of the tallest species classes devised by Specht (1970) to define vegetation 

units. Beard (1979) altered this approach and used the physiognomy of the 'dominant' rather than 

tallest stratum when mapping the Perth area. Beard devised 10 formations and 32 associations from 

aerial photographs, with the assistance of geological maps for the region. 

Heddle (1979) and Heddle et al. (1980) have also provided vegetation maps of the Perth section of 

the Swan Coastal Plain, the latter using 46 vegetation complexes for the area. Floristic as well as 

physiognomic characteristics were taken into account for this work utilising the ordination work of 

Havel (1968; 1975). The mapping provided by Heddle et al (1980) is useful in predicting vegetation 

for localities, as background features are provided and it is drawn at a larger scale (1:250000) than 

Heddle (1979). 
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The vegetation has been described and mapped for remnant bushland of various sizes around Perth 

Region. These studies include Star S w a m p bushland (see §2.6), Loch McNess at Yanchep National 

Park (McComb and M c C o m b 1967) W o o d m a n Point (Powell and Emberson, 1980), the Yule Brook 

Botany Reserve (Speck and Baird, 1984) and the City of Melville area (Bridgewater, 1984), 

Pinnaroo Valley Memorial Park (Foulds, 1988), Bold Park (Keighery et al, 1990) and Kings Park 

(unpublished, referred to by Kings Park and Botanic Gardens 1993). 

4.2 Aims 

The aims of this chapter are: 

• to provide distribution maps for Star S w a m p Bushland Reserve of total species richness, 

native species richness and an index of weed invasion; 

• to objectively classify and map plant communities for the reserve based on all species 

present; and 

• to determine the relationships between the distribution of plant communities and major 

environmental factors. 

4.3 Methods 

4.3.1 Field procedures 

Vegetation at the Reserve was sampled using the reference grid system described previously 

(see §2.7). Reference sites for the vegetation survey were established between M a y and June 

1986 and then revisited between September and October 1986 to record the annual plant 

species. A 2 0 m circle around each grid-line intersects was used to provide 4 samples or 

quadrats, i.e. one in the corner of each block. This sampling represented approximately 5 % 

of the area of the average block. Blocks on the boundary of the Reserve were surveyed in 2 

or 3 corners, depending on the size of the block. For each of 174 out of 184 quadrats (see 

§2.7), the presence of native species and weeds were noted. Records of severely degraded 

vegetation, caused by anthropogenic disturbance (see §3.4.1), at ten potential reference sites 

on the margins of the Reserve were not used. 
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Presence data for all species were recorded in preference to other data types (e.g. cover) to 

minimise the effect of major disturbance regimes (see Smartt et al. 1975: see §5.3.2). All 

nomenclature for plant species follows Marchant et al. (1987). 

4.3.2 Analytical procedures 

Total numbers of species, numbers of native species and numbers of weed species were 

derived from field records. Data for each quadrat were manually entered into the ARC/INFO 

database. Using this data-base, an 'invasion index' was calculated by dividing the number of 

weeds by the total number of species {sensu Bridgewater and Kaeshagen 1979). This index 

provides a simple measure of weed invasion based on the proportion of weeds in the flora for 

each quadrat. 

To display relative species richness and weed invasion, each data-set was divided into classes 

comprising five equal groups based on the range of values. Relative total species richness, 

native species richness and weed invasion were mapped in isohyet form using ARC/INFO 

G R I D for ease of interpretation. 

The polythetic subdivisive system T W I N S P A N (Hill 1979b; Gauch 1982) was used to 

provide an objective classification of quadrats. The results were used to describe plant 

community groups at two hierarchical levels. These groups were used here for mapping with 

the highest order termed the 'community' and the second order group designated 'sub-

community'. These groupings are so named for convenience and are not intended to imply 

association with previous classification of plant communities and vegetation mapping of the 

Swan Coastal Plain (e.g. Heddle et al, 1980; Cresswell and Bridgewater 1985). 

The term indicator species refers to the probability of the species, in association with others, 

being found in a particular group generated by T W I N S P A N divisions (Hill 1979b). As used 

here, indicator species does not imply exclusion of species between plots. Species recorded 

in only one reference site were eliminated from the analysis as they were of no assistance in 

grouping of sites (Gauch 1982). 
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Plant community and sub-community groups were entered into the ARC/INFO database for 

each of the quadrats where data were available. Coropleth maps of plant communities and 

sub-communities were created using the GRID module of ARC/INFO and mapped using 

ArcView. Quadrat data were mapped directly and only interpolated from one cell to the next, 

that is the finished map comprised 174 cells. A coropleth technique was chosen for 

vegetation mapping rather than the isohyet style, because of the discontinuous nature of the 

plant communities. 

Contours were digitized from several W A Water Authority maps at 1:5000 scale and 

assembled into a single coverage using ARC/INFO. GRID was used to derive elevation, 

slope and aspect from the contours data for each quadrat. GRID was also used to calculate 

the area of communities and their association with elevation, slope and aspect. These results 

were also mapped in coropleth form. 

Where use of ARC/INFO was not appropriate, Excel 5.0 (Microsoft 1993) and A x u m 3.0 

(Trimerix 1993) were used for statistics and charting of the plot data and environmental 

variables. 
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4.4 Results and Discussion 

4.4.1 Floristics 

A total of 196 species as recorded in the survey. These represented 6 5 % of the known flora 

of the Reserve (see §2.5.4). The total number of species recorded comprised 132 native and 

64 weed species. Total species richness for individual quadrats ranged from 11 to 66 and 2 to 

49 for native species richness. Total species richness (Fig. 4.1) and native species richness 

(Fig. 4.2) were mapped for reference sites at the Reserve. 

Areas of low and very low relative species richness were concentrated around Star Swamp 

and a cleared area on the eastern boundary (Fig. 4.1). Wetlands of the Spearwood Dune 

System are relatively species poor compared to the Bassendean System (Cresswell and 

Bridgewater, 1985). High periodicity of disturbance events may have resulted in a loss of 

native species. Areas of very high and high relative species richness were patchy along the 

eastern boundary, and in the centre of the Reserve (Fig. 4.1) where plots were associated with 

limestone outcrops. Limestone vegetation around Perth has a distinctive flora (Bridgewater 

and Kaeshagen 1979), although it does have species in common with other communities. 

Limestone outcrop vegetation of the Swan Coastal Plain is also relatively rich compared to 

other communities of the Spearwood dunes (Bridgewater and Zammit 1979) and those of the 

older dunes of the Bassendean System (Cresswell and Bridgewater 1985). 
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Star Swamp Bushland Reserve 

] Survey boundary 
j Star Swamp 
Total species richness 
very low (10-21) 
low (22 - 33) 
moderate (34 - 45) 
high (46 - 57) 
very high (58 - 69) 

76 0 76 152 Meters 

1:9767 

Figure 4.1: A model of total species richness (in isohyets) for the 
Reserve generated from reference site data collected in 1986. 



Native species richness showed a similar distribution to total species richness (Fig. 4.2). 

Areas of high and low native species richness appear more restricted compared to similar 

measures of total species richness. This may be because values are not blurred by the 

inclusion of the weeds. Increased total species richness can be due to weed invasion and may 

mask a reduction in the number of native species. 

The variation between moderate and very high species richness indicate sharp boundaries that 

simply reflect artefacts of the sampling and mapping techniques used as well as disturbance 

regimes. Discrimination of some vegetation boundaries as suggested by Bridgewater (1982) 

would require sampling by transect and mapping to properly represent the floristic change. 

4.4.2 Weed invasion 

The Invasion Indicies for the reference sites ranged from 0.15-0.86 (Fig. 4.3). These values 

were similar to those recorded by Bridgewater and Kasehagen (1979) for three urban 

bushland remnants in Perth. Because of the method of calculation, the index tended to be low 

or very low in areas of high or very high numbers of native species. A n exception to this was 

the southeast corner of the Reserve, where the vegetation had high numbers of both weed 

species and native species and hence was calculated to have moderate weed invasion (Fig. 

4.3). The reference site calculated to have very high weed invasion index in this area was 

located near a the major track intersection, where the native vegetation was found to be 

severely degraded. 

The very highest weed invasion indicies were recorded around Star S w a m p and further north 

along the western boundary of the Reserve where relatively low numbers of native species 

were recorded with relatively high numbers of weeds (Fig. 4.3). These reference sites were 

mostly located near access points with high levels of public usage (see Fig. 3.2). Generally 

weed invasion tended to be higher in the northern part of the Reserve, most likely because of 

lower numbers of native species recorded there. 
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Star Swamp Bushland Reserve 

| | Survey boundary 
| Star Swamp 

Native species richness 
very low (0-10) 
low (11-20) 

g moderate (21 - 30) 
mm high (31-40) 
Hgg very high (41 - 50) 

76 0 76 152 Meters 

Figure 4.2: A model of native species richness (in isohyets) for the 
Reserve generated from reference site data collected in 1986. 



Star Swamp Bushland Reserve 

| Survey boundary 
nvasion Index 
very low (0.10-0.25) 
low (0.26 - 0.39) 
moderate (0.40 - 0.54) 
high (0.55 - 0.69) 
very high (0.70 - 0.86) 

76 0 76 152 Meters 

1:9767 

Figure 4.3: Invasion index for reference sites at the Reserve calculated 
(no. weeds / total no. species) from data collected in 1986. 



Increased weed invasion has been shown to be associated with nearness to edge of bushland 

remnants (Bridgewater 1982; Panetta and Hopkins 1991; Wege 1992). Reasons for this 

include increased availability of light in eucalypt forest (Amor and Steven 1976) and 

nutrients in bush near farmland (Hobbs and Atkins 1988a; Cale and Hobbs 1991). In urban 

bushland anthropogenic disturbance and fire are the most important factors (Bridgewater and 

Backshall 1981; Wycherley 1984). 

A n assessment of weed invasion and nearness to edge was made for the Reserve based on the 

quadrat Invasion Index values. ARC/INFO was used to measure distance from each quadrat 

to the nearest track, which ranged from 0 to 14.4 m. N o relationship between distance and 

the Invasion Index was found (Fig. 4.4). The lack of correlation in Fig. 4.4 is likely to be due 

to the small distance range found from reference sites to the nearest edge. This restricts 

comparison to similar studies in urban bushland. However weed invasion in permanent plots 

at the Reserve (see §5.4) showed no relation to distance even though many plots were located 

up to 50 m away from the nearest track (unpublished data). 

At Yule Brook Botanical Reserve, Wege (1992) found significant weed invasion up to 20m 

from the nearest firebreak but a reduction thereafter. However she also recorded weed species 

up to 116m from firebreaks. Bridgewater (1982) calculated an Invasion Index along transects 

up to 30 m away from tracks, for a number of bushland remnants in the City of Melville, near 

Perth. He found a similar trend from about 1 5 m into bushland, although this varied with 

condition and usage of the bushland remnants. Anthropogenic disturbance and fire regimes in 

the Star S w a m p area (see §3.3) over a long period may be the best explanation for lack of 

observable trends. 

The assessment of weed invasion made here and by others only reflects frequency and not 

penetration of weed species. With respect to this study the nature of the sampling which was 

only presence/ absence, precluded quantitative assessment. 
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Figure 4.4: Relationship between nearness to edge and Invasion Index for 
reference sites at the Reserve. 



4.4.3 Vegetation 

4.4.3.1 Classification of Communities 

Five plant communities were defined at the third division of the T W I N S P A N classification 

(Fig. 4.5). Swamp Paperbark (community I), separated from the rest of the data set at the 

first division predominantly due to the presence of the indicator species Melaleuca 

raphiophylla (Fig. 4.5). The four remaining communities, mainly of the upland, were named 

after indicator species of physiognomic importance, although derived floristically. They 

were Bottlebrush (community II), Macrozamia (community III), Mixed Banksia (community 

IV) and Mixed Eucalypt (community V). Indicator species for the five plant communities are 

presented in Table 4.1. These species only assist in separating communities at that division 

and are not necessarily exclusive to a particular community. 

Communities were mapped for the Reserve (Fig. 4.6), the Mixed Banksia community being 

the most common, with 74 out of 174 reference sites classified as this community type. 

Using ARC/INFO the area identified as Mixed Banksia community was almost 4 0 % of the 

Reserve area (estimated at nearly 102 ha). Forty-three reference sites were identified as 

Macrozamia community (25.9% of the Reserve) and 31 reference sites as Mixed Eucalypt 

community (18.6% of the Reserve). Twenty reference sites were identified as Bottlebrush 

community for an estimated 11.3% of the Reserve. 

The five communities (Table 5.1) were compared to the community types previously 

recorded for the Reserve. Three communities, Swamp Paperbark, Mixed Banksia and Mixed 

Eucalypt, were readily identified as the Paperbark, Mixed Banksia and Tuart communities, 

respectively, reported by Loneragan et al. (1984). This was expected as the latter 

communities were devised in part from ordination (see Watson and Bell 1981) and field 

work. 
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S w a m p Paperbark 

Bottlebrush 
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Mixed Eucalypt 

Sub-community 

A Melaleuca raphiophylla 

B Allocasuarina humilis 

C Medicago sp. 

D Loxocarya flexuosa 

E Brassica toumefortii 

F Silene gallica 

G Stipa elegantissima 

H Hardenbergia comptoniana 

I Lagurus ovatus 

J Briza minor 

Division 

Figure 4.5: Vegetation communities and sub-communities resulting from 
classification of reference site data using T W I N S P A N (the top of arm of each 
division is the negative side and likewise the bottom arm is the positive side). 



Table 4.1: Vegetation communities after classification of survey data, 
including 'indicator' species identified by T W I N S P A N . 

Vegetation community 

I Swamp Paperbark 

Melaleuca raphiophylla 

II Bottlebrush 

Arctotheca calendula*, Carpobrotus aequilaterus*. Calothamnus 
quadri/idus, .Ehrharta longiflora*, Bromus diandrus*, Eucalyptus 
marginata, Homeriaflaccida*, Allocasuarina humilis, Lomandra 
caespitosa. 

Ill Macrozamia 

Sowerbaea laxiflora, Haemadorumpaniculatum, Cerastium glomeratum*, 
Lomandra hermaphrodita, Phyllanthus calycinus, Macrozamia riedlei, 

IV Mixed Banksia 

Ptilotus polystachius, Lechenaultia linarioides, Banksia attenuata, 
Burchardia umbellata, Cerastium glomeratum *, Laxmannia aff. 
squarrosa, Ursinia anthemoides*, Trachymenepilosa. 

V Mixed Eucalypt 

Sparaxis grandiflora*, Hardenbergia comptoniana, Eucalyptus calophylla, 
E. gomphocephala, Oxalis sp. 

Weed species 
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Figure 4.6: Vetetation communities for the Reserve derived from classification 
of species data from the 1986 survey of reference sites. 



Distribution of the Swamp Paperbark, Mixed Banksia and Mixed Eucalypt communities (Fig. 

4.6) loosely matched the broadscale mapping of communities by Loneragan et al. (1984). 

The distribution of the remaining communities, Bottlebrush and Macrozamia (Fig. 4.5) was 

similar to the distribution of part of the Mixed Banksia community and all of the Heath 

communities of Loneragan et al. (1984). 

Comparison of the communities derived in this study was also made to plant community 

units previously used for mapping vegetation on the Coastal Plain. In this context several of 

the communities described above (see §4.4.3.1) appear similar despite differences in mapping 

scale. The Swamp Paperbark community is a discreet vegetation unit and has been similarly 

described elsewhere as Melaleuca raphiophylla low forest (Beard, 1979). The wetland 

vegetation was not mapped for the area around the Reserve by Beard (1979) or Heddle et al. 

(1980). The Mixed Eucalypt community appears to be similar to the Cottesloe 

(Central/South) complex as mapped for the Star S w a m p area by Heddle et al. (1980). Mixed 

Banksia community (see §4.4.3.1) appear to be similar to Heddle's Karakatta (Central/South) 

complex, which they mapped to within about 1 k east of the Reserve and the Cottesloe 

(North) complex (see Perth sheet, Heddle et al. 1980). 

It is not clear which vegetation type (Beard 1979 or Heddle et al. 1980), if any, is similar to 

the Bottlebrush and Macrozamia communities (see §4.4.3.1). They may be less well 

distributed vegetation units or degraded communities related to more common plant 

community types (see Cresswell and Bridgewater 1985). Both contain introduced species 

amongst their 'indicator species' sets. The different from the Heath community of Loneragan 

et al. (1984) represent differences floristically and structurally derived units. 

The Quindalup Complex, which Heddle et al. (1980) mapped for the southwest of the 

Reserve (distinctive because of the presence of Callitris preissii) is not similar to any of the 

communities or sub-communities (see 4.4.3.2). These differences are largely due to the scale 

(1:250000) at which the vegetation is mapped by Beard (1979) and Heddle et al. (1980) and 

the relative size of the Reserve (100 ha). Comparison to Cresswell and Bridgewater's (1985) 

vegetation units are discussed later in context of sub-communities derived from the 

classification (see 4.4.3.2). 
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A A3.2 Classification and comparison of sub-communities 

Because of the distinct composition of the Swamp Paperbark community it was not further 

divided (Fig. 4.5). The single indicator species Melaleuca raphiophylla characterised six 

reference sites on the margin of Star S w a m p (4.5% of the Reserve). The four upland 

communities however, were sub-divided into 9 sub-community types to assist in more 

detailed description and mapping. Vegetation sub-community groups are listed in Table 4.2 

with indicator species for the respective levels. A map of plant sub-communities for the 

Reserve is provided (Fig. 4.7). 

The S w a m p Paperbark community has been mapped as the Melaleuca raphiophylla sub-

community (sub-community A ) (Table 4.2). The division of the Bottlebrush community 

resulted in the sub-communities Allocasuarina humilis (sub-community B) and Medicago sp. 

(sub-community C), identified by Stylidium repens, Allocasuarina humilis and Synaphea sp. 

N o indicator species was provided for the latter group, but it was named Medicago because 

this was the preferential species with the highest occurrence (Table 4.1). The division of the 

Macrozamia community resulted in two sub-communities, Loxocarya flexuosa (sub-

community D ) and Brassica tournefortii (sub-community E). These were separated by the 

native species Loxocarya flexuosa and Hardenbergia comptoniana for the former sub-

community and a suite of herbaceous weed species including Brassica tournefortii and 

Romulea rosea and several herbaceous native species including Hybanthus calycinus for the 

latter sub-community (Table 4.2). 
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The Mixed Banksia community was divided into the Bromus diandrus and Hardenbergia 

comptoniana sub-communities (sub-community F G and H ) (Fig. 4.5). Because of the sizes 

of the sub-community groups the option of using division five of the classification was 

examined to provide smaller units for mapping. The Bromus diandrus sub-community did 

not have any indicator species (Table 4.2) despite containing 36 (or 21%) of the survey 

reference sites. The name of this group, after the most common species does not necessarily 

imply weediness in the group. T w o smaller sub-communities Silene gallica (sub-community 

F) and Stipa elegantissima (sub-community G ) were derived at division 5 with many 

distinguishable native species indicators (Table 4.2). These two groups were separated by a 

number of indicator species, particularly Briza minor and Silene gallica on the negative side 

of the classification, and Stipa elegantissima and Eucalyptus gomphocephala on the positive 

side. Differences between the indicators of these sub-communities illustrate apparent soil 

moisture preferences for the species. The largest sub-community Hardenbergia comptoniana 

(sub-community H ) which contained 38 (or 22%) of the survey reference sites, was not split 

at the fifth division of the classification because the resultant groups of the subsequent 

division were not useful for mapping purposes. 

The Mixed Eucalypt community was split into the Lagurus ovatus (sub-community I) and 

Briza minor communities (sub-community J). These were separated particularly by Lagurus 

ovatus on the negative side of the classification and Briza minor and Acacia saligna on the 

positive side (Table 4.2). 

Indicator species described in Tables 4.1 and 4.2 are only relevant in discriminating between 

the two groups of the relevant division levels. Several species emerge as important indicators 

at a number of divisions but they may not be used to identify the plant communities in the 

field without reference to those at higher levels. Examples of these species include 

Loxocarya flexuosa and Hardenbergia comptoniana which identify sub-communities in both 

the Bottlebrush and Macrozamia communities. 
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Table 4.2: Vegetation sub-communities after classification of 

survey data, including 'indicator' species identified by TWINSPAN. 

Vegetation sub-community 
resulting from division four resulting from division five 

A Melaleuca raphiophylla 

B Allocasuarina humilis 

Stylidium repens, Allocasuarina humilis, 
Synaphea sp. 

C Medicago sp. 
none 

D Loxocarya flexuosa 

Loxocarya flexuosa, Hardenbergia 
comptoniana. 

E Brassica tournefortii 

Brassica tournefortii*, Romulea rosea*, 
Hybanthus calycinus, Hypochaeris glabra*, 
Lechenaultia linarioides, Osteospermum 
clandestinum*, Tetraria octandra, Ursinia 
anthemoides*. 

FG Bromus diandrus F Silene gallica 

Silene gallica*, Corynotheca micrantha, 
Petrophile sp., Cerastium glomeratum*, 
Lechenaultia linarioides, Briza maxima*, 
Tersonia cyathiflora, Lagurus ovatus*. 

G Stipa elegantissima 
Eucalyptus gomphocephala, Stipa 
elegantissima, Macrozamia riedlei, Gladiolus 
caryophyllaceus*, Arctotheca calendula*, 
Helichrysum cordatum. 

H Hardenbergia comptoniana 

Hardenbergia comptoniana, Loxocarya 
flexuosa, Burchardia umbellata, Silene gallica*, 
Eucalyptus marginata. 

I Lagurus ovatus 

Lagurus ovatus* 

J 

Briza minor* 

* Weed species 
N o indicator species 
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Figure 4.7: Vegetation sub-communities for the Reserve derived from 
classification of data from the 1986 survey of reference sites. 



Other important native species used to discriminate groups at several divisions were 

Lechenaultia linarioides, Eucalyptus marginata, E. gomphocephala and Burchardia 

umbellata (Tables 4.1 and 4.2). Weed species also important as indicator species were 

Cerastium glomeratum, Brassica tournefortii and Briza minor. Each of these species, 

although regarded as common (unpublished data) appear to have somewhat specific 

environmental preferences as reflected in their membership of particular communities and 

sub-communities. 

Following the floristically determined classification of sub-communities it was clear that 

some of the classes identified were perhaps degraded forms of their division partner. Despite 

a small number of samples, the Medicago sp. sub-community appears just this. From 

inspection of the sub-community vegetation map (Fig. 4.6) it is clearly associated with the 

Allocasuarina humilis sub-community. The lack of indicator species would support this too, 

as separation of the two groups by T W I N S P A N is based on the species identifying the 

Allocasuarina humilis sub-community. A similar state exists for the Brassica tournefortii 

sub-community which appears to be a degraded form of the Loxocarya flexuosa sub-

community. For the remaining sub-communities it is difficult to distinguish whether this 

hypothesis is the case. Both Silene gallica and Stipa elegantissima sub-communities may be 

already degraded as they have many weedy indicator species (Table 4.2). Likewise Lagurus 

ovatus and Briza minor sub-communities comprise many weed species, particularly as 

indicator species from T W I N S P A N . Stipa elegantissima is a fire response species, which 

may indicate that this sub-community is a temporary one. However in light of current and 

projected fire regimes for areas where this sub-community occurs, its use is justified. 

Tuart and Banksia woodlands of the Swan Coastal Plain are already known to be heavily 

invaded by weed species (Cresswell and Bridgewater 1985; Keighery 1989; 1992). Habitat 

degradation appears to be a major factor responsible for the apparent status of these 

groupings of plots in the present study. 

To further compare differences of vegetation types the names of similar plant communities of 

Loneragan et al. (1984) and Cresswell and Bridgewater 1985 were assigned to sub-

communities described above (Table 4.3). Units of Seddon (1972), Beard (1979) and Heddle 

(1979) were considered too general for comparison at this level. 

106 



Sub-communities, apart from Melaleuca raphiophylla, were generally more difficult to relate 

to other vegetation types (Table 4.3). The Lagurus ovatus and Briza minor sub-communities 

were very similar to the Tuart community of Watson and Bell (1981). The remaining 

communities were similar in some respects to the communities mapped by Loneragan et al. 

(1984). Most of the remainder of the communities were identified loosely as the Mixed 

Banksia community of Loneragan et al. (1984) (Table 4.3). 

A n interesting exception to this was the Hardenbergia comptoniana sub-community, the only 

one that was similar to the Heath community of Loneragan et al. (1984) (Table 4.3). 

Although some of this Heath community may be a natural heath, much of the area mapped is 

bushland with no tree canopy; a result of pipeline clearing in the 1970's (see Table 3.1 and 

Fig. 3.1). These areas of 'man-made heath' are more identifiable when overlaid with plant 

sub-communities (see Fig. 3.1 and Fig. 4.7). Clearly, elements of all four upland 

communities, specifically the sub-communities Medicago sp., Brassica tournefortii, 

Loxocarya flexuosa, Silene gallica, Hardenbergia comptoniana and Lagurus ovatus occur in 

the area originally designated as Heath. 

Cresswell and Bridgewater (1985) devised their floristic units using a classification technique 

(albeit using a different approach, see also Bridgewater 1982) and included in their study 

samples from near the Reserve. Indicator species (Table 4.2) were used to key out sub-

communities related to those established by Cresswell and Bridgewater (1985). The key 

relies on the presence of certain species which may not be represented in all of the samples 

used to classify communities in this study. 

Initially the use of Cresswell and Bridgewater's (1985) vegetation units appear to have only 

large-scale application, as their study sampled across the Spearwood and Bassendean dune 

systems for the Perth metropolitan area. However despite constraints on the presence of 

certain species, it was possible to find comparable vegetation units (Table 4.3). 
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Table 4.3: Comparison of sub-community types to those recorded in other studies. 

Sub-community code Loneragan et al. 
(1984) after Watson 
and Bell (1981) 
plant community type 

A Melaleuca Paperbark 

raphiophylla 

B Allocasuarina humilis Mixed Banksia 

C Medicago sp. Mixed Banksia 

D Loxocarya flexuosa Mixed Banksia 

E Brassica tournefortii Mixed Banksia 

F Silene gallica Mixed Banksia 

G Stipa elegantissima Mixed Banksia 

H Hardenbergia Heath 
comptoniana 

I Lagurus ovatus Tuart 

J Briza minor Tuart 

Cresswell and Bridgewater (1985) 

-vegetation complex, community 

and sub-community 

1.3.a Melaleuca raphiophylla 

-Baumea juncea comn. 

Juncus krausii sub-comn. 

B Xanthorrhoea priessii 

-Mesomelaena stygia complex 

B Xanthorrhoea priessii 

-Mesomelaena stygia complex 

weedy sub-comn.(specific) 

B. 1 .a Allocasuarina fraseriana 

-Hardenbergia comptoniana comn. 

Leucopogon propinquus sub-comn. 

none 

none 

none 

C.la. Dryandra nivea-Phyllanthus calycinus comn. 

Hakea prostrata sub-comn. 

B. 1. a. A llocasuarina fraseriana-Hardenbergia 
comptoniana comn. 
Leucopogon propinquus sub-comn. 

A.3. Jacksonia sternbergiana-Pimelea rosea comn. 
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Differences between primarily native dominated sub-communities and related weed 

dominated communities are identifiable (Table 4.3). This supports the hypothesis that sub-

communities C, and E are degraded forms of B and D (Table 4.1 and 4.3), separated in 

classification by weed species (see §4.4.3.1). 

These smaller-scale floristic mapping units are relatively easier to relate to the sub-

communities (Table 4.3) than are structural ones. The floristic units provided should enable 

identification of areas that will require rehabilitation and indicate that certain key species may 

be assumed to be missing in the degraded form. 

4.4.4 Effect of slope, elevation and aspect 

Further efforts to relate the communities and sub-communities to geographic, topographic 

and edaphic features were made. A n elevation map was generated for the Reserve using 

contour data (see Fig. 2.3). Elevations ranged from lm at Star S w a m p to 31m in the 

southeast corner of the Reserve. The distribution of elevation classes for each sub-

community was achieved by intersecting coverages of the two data types in ARC/INFO. 

Elevation classes at 4 m intervals were established for the Reserve and mapped using 

Arc View (Fig. 4.8). A clearly defined valley including Star S w a m p and the depression near 

Ada Street runs north/south through the Reserve. A n adjacent dune system runs parallel with 

this as indicated by Watson and Bell (1981). The dune flattens out in the centre of the 

Reserve and rises again towards the southeast corner (Fig. 4.8). The percentage distribution 

of elevation classes was calculated for each plant sub-community (Table 4.4). 

There were observable trends and differences in elevation classes between sub-communities. 

Sub-community Melaleuca raphiophylla of the S w a m p Paperbark community was mostly 

found in the 0-4m elevation class and the Lagurus ovatus and Briza minor sub-communities 

of the Mixed Eucalypt community were mostly found in elevation classes less than 16m 

(Table 4.4). Sub-communities Silene gallica, Stipa elegantissima and Hardenbergia 

comptoniana of the Mixed Banksia community, occurred between the 9 and 24m in 

elevation. N o discernible elevational preferences were found for the remaining sub-

communities which occur throughout most elevation classes. 
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Figure 4.8: Elevation classes for the Reserve calculated from 
reference site contour data (with upper height labels). 



Table 4.4: Distribution of sub-communities for the Reserve by elevation 

classes 

Elevation (m) 

Sub-community 

A Melaleuca 

raphiophylla 

B Allocasuarina 

humilis 

C Medicago sp. 

D Loxocarya 

flexuosa 

E Brassica 
tournefortii 

F Silene gallica 

G Stipa elegantissima 

H Hardenbergia 
comptoniana 

I Lagurus ovatus 

J Briza minor 

0-4 

91.5 

3.0 

7.0 

46.2 

5-8 

7.6 

20.6 

22.2 

3.6 

1.5 

0.2 

0.9 

29.8 

45.7 

9-12 

0.9 

23.4 

27.0 

23.0 

7.7 

13.3 

7.7 

13.1 

46.5 

6.7 

13-16 

7.0 

16.5 

10.9 

7.5 

23.2 

12.0 

24.1 

7.0 

1.4 

17-20 

0.0 

12.0 

23.3 

33.0 

51.5 

27.9 

7.0 

21-24 

31.5 

1.4 

21.8 

36.4 

24.0 

28.5 

27.8 

1.9 

25-28 

15.7 

17.5 

26.2 

13.4 

6.1 

4.1 

29-32 

12.0 

2.5 

9.4 

2.1 
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Some plant sub-communities may be clearly defined by elevation classes. Elevation has been 

discussed as a limiting factor for floristics and vegetation in the southwest of the Reserve 

(Watson and Bell 1981). Melaleuca raphiophylla the key indicator for the Melaleuca 

raphiophylla sub-community (Table 4.1), was only found at an elevation of 1 and 2 m and had 

low species diversity. For upland vegetation (> 2 m ) increased elevation was correlated to 

higher species diversity (Watson and Bell 1981). 

The distribution of aspect classes for each sub-community was achieved by intersecting 

coverages of the two data types in ARC/INFO. Four aspect classes of 90° from North around 

the compass were established for the Reserve and then mapped using Arc View (Fig. 4.9). 

As for elevation, a general trend for aspect was evident for the Reserve. T w o aspects, 

southwest and northwest were found to run perpendicular to the Reserve's dune system (Fig. 

4.9). The two other aspect classes were associated with this dune system particularly on the 

West side of the Reserve. 

Aspect has been an important feature of previous classifications (e.g. Cresswell and 

Bridgewater, 1985). To assess this for the Reserve percentage of occurrence for the four 

aspect classes were calculated for sub-communities using ARC/INFO (Table 4.5). Some sub-

communities were restricted to certain aspect classes. Nearly 4 5 % of the Melaleuca 

raphiophylla sub-community was found in the 0°-90° aspect class and 4 4 % of the Lagurus 

ovatus sub-community was restricted to the 180°-270° aspect class (Table 4.5). Almost 9 0 % 

of the Stipa elegantissima and Hardenbergia comptoniana sub-communities were found to 

have an aspect of between 180° and 360°. However, there was not a strong relationship 

between aspect and the remainder of the sub-communities. Aspect may be a contributory 

component in the complex of factors influencing the ecology of particular species and, hence, 

distribution of certain community types. 
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Figure 4.9: Aspect classes for the Reserve calculated from contour 
height for reference sites. 



Table 4.5: Distribution of sub-communities at the Reserve 

by aspect classes 

Aspect class 0-90 90-180 180-270 270-360 

Sub-community 

A Melaleuca 

raphiophylla 

B Allocasuarina 
humilis 

C Medicago sp. 

D Loxocarya 
flexuosa 

E Brassica 
tournefortii 

F Silene gallica 

G Stipa elegantissima 

H Hardenbergia 

comptoniana 

I Lagurus ovatus 

J Briza minor 

Whole Reserve 

45 

34 

51 

19 

25 

11 

9 

8 

10 

24 

236 

13 

12 

11 

9 

7 

5 

4 

6 

19 

29 

11.5 

23 

23 

13 

34 

26 

30 

34 

45 

44 

35 

30.7 

18 

23 

23 

36 

42 

54 

53 

41 

27 

12 

32.9 
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Slope was calculated for each plant sub-community in the same way as aspect. Most 

reference sites (78.4%) were located on between 0 and 5° slope, another 19.7% on 6-10° 

slopes. There were no observable differences between sub-communities for these slope 

classes. 

Landform and soil type have been widely used to map vegetation units, as these variables 

strongly influence the larger classes of vegetation complexes (Heddle, 1979). Factors such as 

chemical and moisture properties of the soil (Havel, 1968; 1975), and landform type (Heddle, 

1979 and Cresswell and Bridgewater, 1985) and are regarded as most important. 

The landform type which is determined in part by slope and aspect was chosen as factors that 

could be obtained from existing data-base and applied to vegetation units. However slope or 

aspect alone are not regarded as important in determining vegetation type for the Swan 

Coastal Plain. 
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4.5 Conclusions 

• Geographic patterns of total species richness and native species richness within the 

Reserve were similar and produced predictable patterns between reference sites. 

• A weed Invasion Index was used to describe the occurrence of weed species in the 

Reserve. Patterns were complementary to total and native species richness. Areas of high 

weed invasion and high anthropogenic disturbance (e.g. clearing) were associated. 

However, weed invasion was not found to be correlated to track proximity, mainly it is felt 

because of the lack of a range of distances between reference sites and the nearest track. 

• Five plant community groups were defined and mapped. Community groups defined here 

were in part similarly distributed to those of Loneragan et al. (1984). Some of the 

communities were also identifiable in the vegetation complexes of Heddle et al. (1980). 

• Ten plant sub-community groups were defined from the community groups and mapped. 

These groups were not easily matched with the communities of Loneragan et al. (1984), 

but some were identified within a number of vegetation units of Cresswell and 

Bridgewater (1985). T w o sub-communities were presumed to be degraded forms of other 

sub-community in the same classification arm, and four other sub-communities were also 

presumed to be degraded because of the importance of weed species in the classification. 

• Some plant sub-communities were found to be confined to elevation and aspect classes, 

but slope was not found to be significant. These minor relationships confirm the 

importance established in earlier studies of landform as a factor in determining vegetation 

type on the Swan Coastal Plain. 

The Reserve was found to contain a diverse range of plant species and sub-community types 

for the Northern Swan Coastal Plain. Management is required to protect the vegetation from 

the negative outcomes of various disturbance regimes which threaten their long term 

conservation, particularly the proliferation of tracks and weed invasion. 
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5. TEMPORAL ANALYSIS OF VEGETATION 

5.1 Introduction 

Many studies have described and mapped the plant communities of the Swan Coastal Plain 

(see references in §1.3, §1.4 and §4.1 and some of these have dealt with vegetation changes 

over time. These studies include aspects of Eucalyptus and Banksia woodlands at Kings 

Park, Perth (Beard, 1967 and Baird, 1977), Banksia woodlands north of Perth (Heddle 1980), 

Tuart forest south of Perth (Pigott 1984) and Banksia woodlands at Yule Brook Reserve, 

Kenwick (Bell, 1987). 

Baird (1977) discussed the ecology of plant species in Banksia/Eucalyptus woodland, with 

particular reference to fire, monitored in King's Park over 30 years. These included the 

persistence of many resprouting shrubs (e.g. Hibbertia hypericoides), the loss of some seeder 

shrubs (e.g. Gompholobium tomentosum) and the invasion of the perennial weed, veldt grass 

{Ehrharta calycina). Baird also commented on the loss of mixed Eucalyptus canopy, 

particularly after severe fire, as discussed earlier by Beard (1967). Bell et al. (1992) have 

also discussed mortality and crown loss to woodland trees in Kings Park after severe wildfire. 

Heddle (1980) re-examined a series of plots established by Havel (1968) in vegetation on the 

coastal plain north of Perth. Heddle found that floristic and structural changes over 10 years 

were evident in Banksia woodlands in response to a lowering of the water table. Species 

tolerances to soil moisture fluctuations over the period were inferred (Heddle 1980). 

Bell (1987) has examined changes to herb species populations in Banksia woodland over a 

number of years at Yule Brook Reserve. Despite the invasion of the grass weed Briza 

maxima, the frequency and distribution of several other weed and native species have 

remained relatively stable. 
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The vegetation of a block of the Tuart Forest National Park near Capel, has become 

dominated by weed species as a result of cattle grazing within the park boundaries for more 

than 100 years (Pigott 1984; Pigott 1988). Increases in the abundance of predominantly 

weedy annual species in the understorey between 1980 and 1984 have been summarised by 

Pigott (1984). A long history of weed introductions, sudden reduction in grazing pressure on 

annual weeds, following the exclusion of cattle in 1983, and lack of weed control strategies 

are likely reasons for weed dominance of the forest understorey (Pigott 1988). 

Quantitative studies of vegetation change in urban bushland are an essential part of 

understanding the transformation process, as remnants continue to degrade (Kirkpatrick 

1986). Knowledge of fire regimes and the autecology of weed species is also important in 

planning management strategies for urban bushland. 
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5.2 Aims 

The aims of this chapter are: 

• To identify changes in the composition of plant communities between 1985 and 1987. 

• To determine the effect of anthropogenic disturbance and fire regimes on the 

composition of plant communities. 

• To determine if the observed changes in community composition due to disturbance are 

primarily reflected by changes in the native or weed species. 

5.3 Methods 

5.3.1 Plot locations and histories 

Twenty-six permanent plots were established after a major bushfire which occurred in the 

summer of 1985 (see Table 3.2). Six pairs of matched plots were established along the fire 

boundary; one member of the pair within the burnt area, the other within unburnt vegetation. 

These were plot numbers 2/1; 3/4; 5/6; 10/11; 12/13; 16/17 (each burnt/unburnt), respectively 

(Fig. 5.1). 

A further ten unmatched plots were marked out in burnt vegetation (plots 7, 8, 9, 14, 15, 18, 

19, 20, 21, 22) and another four plots in unburnt vegetation (plots 23, 24, 25, 26). Plots 7, 8, 

9, 18 and 19 were located in areas previously cleared and plot 21 had been severely grazed. 

In 1986 an additional six unmatched plots (numbers 27 - 32) were established in unburnt 

vegetation and within plant community types not well represented by the other plots. 
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5.3.2 Data collection and data-base establishment 

Each plot was marked out as a 10m square and sampling was carried out in two strips often 

m reference sites on opposing sides of the plot. All native and weed species present in the 

reference sites were recorded. As a measure of species abundance for each plot a frequency 

score (out of 20) was calculated. 

Quadrat frequency per plot was chosen for this section of the study rather percentage cover 

and density estimates because the latter are sensitive to major perturbations of the community 

such as caused by fire, especially in vegetation dominated by resprouting species (Smartt et 

al. 1976). In this context, presence and absence records, which are the basis of the frequency 

measure used, weight species equally and might be expected to provide a more stable 

description of the overall floristic composition, and one closest to the original condition. 

The final data-set recorded over the three year period (1985-1987), comprised some 90 

samples. That is, three years of monitoring for the original 26 plots (78 samples) and two 

years of monitoring for the six additional plots established in 1986 (12 samples). 

The presence of weed species, especially if accompanied by a loss of native species will lead 

to changes in community organisation (e.g. Bridgewater and Backshall 1981). In order to 

better understand any change, the data-set described above was split into two sub-sets for 

independent analysis. The first, a sub-set comprising native species only and a second sub

set with only the weed species. 
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Figure 5.1: Location of sample plots (vegetation analysis) at the 
Reserve, with tracks and vegetation communities. 



5.3.3 Community affinities and plot disturbance history 

The sampling plot affiliations with the basic community types as identified in §4.4.3 are 

shown in Table 5.1. All community type are represented with the exception of the Paperbark 

community which had not been affected by the 1985 fire. The Mixed Banksia community 

was represented by the greatest number of plots (18), the Mixed Eucalypt community the 

least number (3). 

Table 5-1: Grouping of permanent plots according to plant community type 

Community type 
(see Fig. 4.6) 

Bottlebrush 

Macrozamia 

Mixed Banksia 

Mixed Eucalypt 

Plot no. 

7, 8, 14, 15, 28, 32 

10,11,12,13,22 

1,2,4,5,6,9,16,17, 18,19,20,23, 

24,25,26,29,30,31 

3,21,27 

Fire regime components (number of fires and time-since-last-fire) were deduced for each 

plot, in each year of sampling, from the earlier assessment of the Reserve's fire regimes (see 

§3.3.2). The fire frequency for plots was calculated by dividing the number of fires by the 

period of time records were available (39 years). The time-since-last-fire was recalculated as 

months (see §3.3.2), since fires before and during the study occurred in different seasons (e.g. 

Jan. 1984, April 1985). It was considered that these differences may affect subsequent 

analysis. 
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The plots were assessed for attributes of recent fire regimes including severe disturbance (see 

§3.3.1 and §3.3.2) to form a second set of groupings (Table 5.2). Firstly, plots were 

classified depending on whether plots had been burnt in 1985, burnt during the 3 year study 

period or not burnt since 1981. But because some plots were located in severely disturbed 

areas (also burnt in 1985), this N o fire during study, burnt 1985 fire regime type was further 

sub-divided (Table 5.2). The distinction was made for the N o fire during study, burnt 1985 -

B Group, where plots had either of two types of severe disturbance recorded for them; plots 7 

and 8 had been cleared twice, plots 9, 18 and 19 cleared once and plot 21 severely grazed (see 

Fig. 3.1). 

Table 5-2: Grouping of sample plots according to recent fire regimes. 

Plot groups 

Fire during study 

No fire during study, 

burnt 1985-A 

N o fire during study, 

burnt 1985 -B* 

N o fire during study or in 1985 

Plot no. 

2, 6,23,24, 25,26, 32 

1,3,5,10,12,14,15,16,20, 

22,30,31 

7,8,9,18,19,21 

4,11,13, 17,27,28,29 

These plots were subdivided on the basis of past disturbance history. 
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5.3.4 Species richness 

The species richness values of the sampling plots (as the total number of species, number of 

native species and number of weed species) were compiled directly from the recording sheets 

for each sample year. An index of weed invasion (the Invasion Index) was calculated to 

obtain a comparative measure of the importance of weed species for each sample site (see 

§4.3.2). 

5.3.5 Ordination of data-sets 

Species frequency data-sets of all species, native and weed species were analysed using 

multivariate techniques. The computer programs used for these analyses were from the 

DECORANA package (Hill 1979b). Details of application of these programs is discussed 

elsewhere (see §1.4.3.2 and §4.3.2). Results from the DCA ordinations for all species 

frequency data were plotted using Excel 5.0 (Microsoft 1993) and lines drawn connecting the 

sampling years of each plot (Figure 5.4). 

The first three of the four DCA axes were used for analysis. Together they contained a 

relatively high proportion of the total variance of the data-set (eigenvalues of 0.246, 0.175 

and 0.135 respectively) and so the fourth axis (eigenvalue of 0.106) was not considered. 

Compositional change was assessed in a number of ways, initially by the Euclidean distance 

(see Kent and Coker 1992) between the first position and the last position of each plot in the 

ordination hyperspace as observed by the first 2 ordination axes, and then also on comparing 

changes in total number of species, numbers of native species and the Invasion Index. 

Another major assessment of compositional change was made by classifying the form of the 

plot trajectories. Trajectory form or shape was classified as either straight or angled and, for 

the three year plots, whether the two legs were more-or-less equal or unequal. Sub-groups 

were recognised on variations of these basic shape patterns (Fig. 5.2) 
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Changes in plot variables and plot trajectories indicate different aspects of compositional 

change. For example, the distance between the initial and final sampling dates may be short, 

either because the vegetation has been stable (undisturbed) over the time period investigated, 

or has high resilience {sensu Westman 1986) following disturbance. 

The all-species ordination results were compared by correlation to the ordination results of 

the native species-only and weed species-only data sets to identify whether the information 

on native or weed species were primarily responsible for any of the observed changes in 

composition over time. 
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Type Arrow type Definition Plot no.'s 

1a 
1b 

1c 
^ 

or straight 27, 28, 29, 30, 31, 32 
~ 180° 8, 9, 14, 18 

> 90° 13, 16, 19, 26 

2a 

2b 

_ ^ < 90° 
(unequal legs) 

— > aa reversed 

3,7,10,20,21 

25 

3a 

3b 

< 90° 
(equal legs) 

< 90° 

2,6,11, 17 

4, 12 

>90° 1,5,15,22,23,24 

Figure 5.2: Functional groups based on ordination arrow-shape for 
assessment of temporal change of permanent plots 



5.4 Results and Discussion 

5.4.1 Ordination of species 

Selected species from the species ordination were plotted to ascertain which species were 

influencing change in the ordination (Fig. 5.3). A major cloud of species and one group of 

outlying species were determined for the ordination hyperspace. Some segregation of native 

and weed species was apparent 

The three outlier species, Grevillea crithmifolia, G. thelemanniana and Hemiandra pungens 

which were found at the top of the species ordination (Table 5.3) were only recorded in plot 

27. Other important species were found on the outer edge of the main cloud. Melaleuca 

huegellii and Acacia truncata, found on the right-hand side of the plot ordination hyperspace, 

were only recorded in plot 29. 

Jarrah, Eucalyptus marginata, and a suite of native and weeds species {Acacia stenoptera, 

Arthropodium capillipes, Vicia sativa and Freesia leichletinii) were found on the outer of the 

main cloud at the bottom of the ordination hyperspace (Fig. 5.3). Jarrah is an important 

overstorey tree (Powell 1990) and occurs at sites of optimum moisture (Havel 1968), so it can 

be assumed that sample plots with Jarrah are associated with similar sites at the Reserve. 

Likewise, the firewood banksia, Banksia menziesii, an important overstorey tree occurring on 

dry unleached sites (Havel 1968), was found on the left-hand side of the main species cloud 

(Fig. 5.3). Sample plots with firewood banksia are likely to be found at dry unleached sites at 

the Reserve. Species at different types of sites may respond differently to long-term changes 

in soil moisture (Heddle 1980) or to fire (Baird 1977). 
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Table 5-3: Outlying species, indicator species (see Table 4.1) and important weed 

species from the species ordination of the all data-set and their approximate position 

on plot ordination graph. 

Species from the 

species ordination 

Banksia menziesii 

Jacksonia furcellata 

Tersonia cyathiflora 

Petrophile brevifolia 

Stylidium repens 

Grevillea crithmifolia 

Grevillea thelemanniana 

Hemiandra pungens 

Melaleuca huegellii 

Acacia truncata 

Templetonia retusa 

Acacia rosteliifera 

Dryandra sessilis 

Bromus diandrus* 

Banksia prionotes 

Osteospermum 

clandestinum* 

Stirlingia latifolia 

Eucalyptus 

gomphocephala 

Ehrharta calycina 

Calothamnus quadrifldus 

Short code for 

Figure 5.3 

Bank_menz 

Jackfurc 

Terscyat 

Petrbrev 

Styl_repe 

Grevcrit 

Grevthel 

Hemijpung 

Temp_retu 

Melaheug 

Acac_rost 

Acac_trun 

Drya_sess 

Bromdian* 

Bank_prio 

Osteclan* 

Stirjati 

Euca_gomp 

Ehrhcaly 

Calo_quad 

Approximate 

position on 

species 

ordination 

Left 

Top 

Mid Right 

Mid-Centre 

Centre 

Species preferences with references 

Macrozamia plots' 

colonizer1 

Fire-weed2 

Indicator species 

found plot 2T, only 

Only found Plot 29", only 

Plot 29, only3 

Plot 29 and 303, only 

Native colonizer, post-fire1 

Native colinizer of disturbed sites1 

Weed of disturbed, open sites1 

All, only found plots 5 & 6J 

Indicator speciesJ and dominant 

overstorey tree 

weed of sandy soils 

Indicator species 

J.P.Pigott unpublished data, 2Loneragan et al. (1984), 3Table 4.1 & 4.2,4Pigott (1988),5 Beard (1968). 
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Table 5.3 (continued). 

Species from the 

species ordination 

Short code for 

Figure 5.3 

Approximate 

position on 

species 

ordination 

Species preferences with references 

Stipa elegantissima 

Ptilotus polystachius 

Lagurus _ovatus 

Stipeleg Centre Right Indicator species 

Ptil_poly Indicator sp.3 and weedy native1 

Lagu_ovat Indicator sp. and invasive weed1 

Hardenbergia 

comptoniana 

Silene gallica* 

Ursinia anthemoides* 

Spar axis grandiflora* 

Hypochoeris radicata 

Pelargonium capitatum * 

Medicago sp. * 

Hardcomp 

Sile_gall* 

Ursi_anth* 

Spar_gran* 

Hypo_radi* 

Pela_capi* 

Medi_sp* 

Lower Centre Indicator sp. and weed species 

Indicator sp. and weed species 

Indicator sp. and weed species 

Indicator sp. and weed species 

Cosmopolitan weed1 

Inavsive weed1 

Indicator sp.3 and 

cosmopolitan weed sp.1 

Oxalis sp. 

Burnettia nigricans 

Podolepisjiutans 

OxaI_sp 

Burnnigr 

Podo nuta 

Bottom Left All fire ephemerals and geophytes 

Leucopogon parviflorus 

Scaevola paludosa 

Acacia saligna 

Sonchus olraceous* 

Brassicajournefortii * 

Leuc_parv 

Scae_padu 

Acac_sali 

Sonc_oler* 

Bras tour* 

Bottom Right Only found plot 

Only found plot 

weedy native1 

weed of degraded areas' 

weed of degraded areas1 

Eucalyptus marginata 

Viciasativa* 

Arctotheca calendula* 

Cerastium glomeratum * 

Acacia stenoptera 

Arthropodium capillipes 

Freesia leichaltinii* 

Gastridium phleoides* 

Oxalis corniculatis* 

Macrozamia reidlei 

Euca_marg Bottom Indicator species 

Vici_sati * Weed of moist tuart forest soils4 

Arctcale* Weed of disturbed sites 

Cera_glom* Indicator sp.J and cosmopolitan 

Acacsten weed 

Arth_capi Only found at jarrah sites1 

Free_leic* Post-fire colonizer1 

Gast_phle* Weed of moist soils1 

Oxal_corn* weed near swamps1 

Macr_reid Weed of moist soils1 

Indicator moist sites 

J.P.Pigott unpublished data, 2Loneragan et al (1984),
 3Table 4.1 & 4.2,4Pigott (1988),5 Beard (1968). 
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A number of weed species and colonizing native species were also found on the right-hand 

side of the main cloud of species. These included the grass weed Bromus diandrus which is 

mostly found at degraded sites and Dryandra sessilis, a native seeder species capable of rapid 

colonisation after fire (Grubb and Hopkins 1986). 

Acacia saligna, an invasive native species (Powell 1990), was also an outer point on the main 

species cloud. This species was also associated with some degraded sites. Most species on 

the left-hand outer of the main cloud of points respond after fire either by increased 

flowering (e.g. Burnettia nigricans), increased regeneration from seed (e.g. Tersonia 

cyathiflord) or from rootstocks (e.g. Petrophile brevistylis). 

From this it appears that the species ordination may be segregated by weediness of the 

component species. The left-hand and top sides of the ordination hyperspace comprise 

mostly native species, responsive to soil type and the remainder are dominated by native and 

introduced weedy species associated with anthropogenic disturbance and fire regimes. Some 

species more readily adapt to such regimes than others, thus determining the changes for the 

community (Grubb and Hopkins 1986). 

There would appear to be a trend in frequency of occurrence, away from the origin of the 

ordination hyperspace. Many of the outer species described above have low species 

occurrence where as other species (e.g. Eucalyptus gomphocephala and Ursinia anthemoides) 

are relatively more common (see Fig. 5.3). 

Ursinia anthemoides has been reported as an important weed (i.e. dominant) for Tuart forest 

understorey near Capel (Pigott 1988). 
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5.4.2 Ordination of sample plots 

Plant community types for each plot were overlaid on the sample plot ordination (Fig. 5.4). 

Community types were reasonably well grouped in the ordination hyperspace. Mixed 

Banksia plots largely dominated the centre and right-hand side of the ordination hyperspace 

and Bottlebrush plots were mostly found on the left-hand side. The exception being severely 

disturbed sites in each community (plots 7, 8 and 9), which were positioned on the extreme 

right-hand side (Fig. 5.4). The Macrozamia plots were found to be distributed across the 

ordination hyperspace (Fig. 5.4). The Mixed Eucalypt plots were not grouped close together, 

perhaps because of the small number of sample plots (3, 21 and 27), each with a different fire 

regime and disturbance history (Table 5.2). 

Some plots were found to be associated with groups of species on the outer of the species 

ordination. Plot 27 reported earlier as containing the three outlier species, Grevillea 

crithmifolia, G. thelemanniana and Hemiandra pungens, was found at the top of the plot 

ordination similar to its position on the species ordination (Fig. 5.3). Similarly plot 29 

containing two outlier species were found on the extreme right-hand side of the plot 

ordination in a similar position to Melaleuca huegelii and Acacia truncata (Fig. 5.4). 

The severely degraded plots 7, 8 and 9 were also plotted on the right-hand side of the 

ordination hyperspace in a similar position to where the important component weeds Bromus 

diandrus and Brassica tournefortii, were located on the species ordination graph. A number 

of plots (1, 2,20 and 24-26) where Jarrah is dominant were also found clumped together in 

the lower centre of the plot ordination hyperspace (Fig. 5.4), the same position as jarrah on 

the species ordination. Finally the firewood banksia located on the left-hand side of the 

species ordination, is an important overstorey tree for plots 15,22 and 32 all of which were 

found on the left-hand side of the plot ordination. 
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The association of groups of species to samples in the ordination hyperspace is to be 

expected as the two ordinations are derived from the same source of data (Gauch 1982). 

Trends for each axis in the plot ordination are therefore based on relationships between 

the composition of species per plots and the frequency of the species in them. Variables 

such as species richness and fire frequency m a y be used to explain the trends in the 

distribution of the plots along the axes. 

5.4.3 Correlation of plot variables to ordination axes 

Species richness, Invasion Index and fire regime variables were used to elucidate 

relationships between the plot positions on the ordination axes; i.e. factors driving the 

ordination. Total species richness ranged from 15 species for plot 7 in 1986 to 60 species 

for plot 10 in 1987. Similarly native species richness ranged from 4 at plot 7 for 1986 

(and 1985, 1987) to 43 for plot 10 in 1987. Invasion Index values ranged from 0.209 at 

plot 32 in 1986 to 0.765 at plot 7 in 1985. This range was similar to those quoted by 

Bridgewater and Kasehagen (1979) for urban bushland and by Pigott (1984) for Tuart 

forest near Capel. 

The 1987 fire in the southwest of the Reserve (see §4.4.1) is the likely reason for the 

Invasion Index at Plot 32 nearly doubling from 0.209 to 0.396. 

Fire frequency ranged from 0.104 to 0.289 (ie 4 -11 fires over a period of 38 - 40 years). 

Time-since-last-fire for the sample plots ranged from 5 months for various plots in 1985, 

to 204 months since fire for plot 32 in 1986. The latter time since fire value was 

relatively high compared to the rest of the all species data-set (see Fig. 5.5). The plot was 

established in long unburnt vegetation for comparative purposes in 1986 but was burnt 

before data was collected in 1987. 

Coefficients of correlation were calculated between the first three ordination axes and 

floristic and fire regime variables for permanent plots 1985 to 1987 (Table 5.4). 
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Figure 5-5: Split plot matrix of plot sample ordination of all-species data and 
species richness variables, the Invasion Index and fire regime variables. 



Table 5-4: Correlation of first two ordination axes and floristic and fire regime variables 

for permanent plots 1985 to 1987. 

Variable 

Total no. spp. 

No. native spp. 

Invasion Index 

Fire frequency 

Time-since-last-fire 

Axis 1 p 

-0.710 ** 
* 

-0.762 ** 
* 

0.689 ** 
* 

0.110 ns 

-0.057 ns 

Axis 2 p 

-0.025 ns 

0.125 ns 

-0.253 * 

-0.287 ** 

0.297 ** 

Axis 3 p 

-0.196 ns 

-0.150 ns 

0.005 ns 

0.010 ns 

-0.144 ns 

P < 0.001 
0.001<P<0.01 
0.01 < P < 0.05 

Significant relationships between the plot variables and the primary two ordination axes 

were observed. The relationships between the first two axes and the plot variables are 

illustrated for better comparison by a split plot matrix or S P L O M diagram ( S Y S T A T Inc, 

1992) (Fig. 5.5). Total number of species and number of native species for plots as 

negatively correlated with Axis 1 (Table 5.4, Fig. 5.5). Invasion Index for plots was 

positively correlated with axes 1 and were negatively correlated with Axis 2(Table 5.4, 

Fig. 5.5). Fire frequency (negatively) and time since fire (positively) were correlated 

with Axis 2 (Table 5.4). 

Clearly Axis 1 is driven by species richness and, in particular, native species. The 

dominance of the native species component is indicated by the very high correlation co

efficient (Table 5.4, Fig. 5.5). The opposing trend of the Invasion Index values, imply an 

increase in the weed species or a decrease in native species in plots on the extreme end of 

this Axis. 
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Fire regime components including fire frequency and time-since-last-fire, are factors in 

determining species richness and composition as indicated by their correlation with 

ordination Axis two (Table 5.4). From this it appears that sample plot species richness 

comprises two major components. The first reflecting primary or pre-recent influences 

controlling community development, the second reflecting secondary or more 

contemporary influences, especially those of fire. 

Overall for the plot samples, Invasion Index and time-since-last-fire are significantly 

correlated at (p<0.0\) for sample plots (Table 5.4, Fig. 5.5). Weed invasion is not related 

to fire alone, but must be accompanied by physical disturbance (Hobbs 1991). Therefore 

association of both Invasion Index and time-since-last-fire with Axis 2 indicates that 

disturbance history generally may be responsible for the distribution of plots along the 

axis. 

5.4.4 Trends in species richness and Invasion Index 

Total species richness was illustrated on the D C A ordination axes using isohyets as a 

guide to numbers of species between plots (Fig. 5.6). Using the isohyet contours to 

indicate a general trend, total species richness decreased away from the origin of Axis 1. 

Plots with relatively high total numbers of species were found in the centre-left of the 

ordination hyperspace. These plots were largely of the Macrozamia and undisturbed 

Bottlebrush community type, with Banksia community plots having relatively lower 

species richness (see Fig. 5.4). The lowest total number of species was associated with 

plots 7, 8, 9 on the extreme right of the ordination hyperspace. Although designated 

Bottlebrush and Mixed Banksia by virtue of their position on Figure 5.1, these disturbed 

plots are dissimilar to the other Bottlebrush plots in the ordination (Fig. 5.4). 

Species richness and recent fire regimes were also examined. Plots in the N o Fire During 

Study, Burnt 1985 - A plot group (1, 3, 5, 10, 12, 14, 15, 16, 20, 22, 30 and 31) and to a 

lesser extent in the Fire During Study plot group had relatively high species richness (2, 

6, 23, 24, 25, 26 and 32) (Fig. 5.6). 
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Clearly high species richness was associated with plant community type, although recent 

disturbance events, such as fire is also associated with high relatively species richness. 

This point is examined in a later section. N o clear trend for species richness was 

apparent for Axis 2 (Fig. 5.6) and changes in species abundance (not measured here) are 

more likely to be associated with this axis. 

The Invasion index showed a similar, but inverse, trend to total species richness across 

the ordination hyperspace (Fig. 5.7). There were some observable changes in Invasion 

Index away from the origins of both axes. The lowest Invasion Index groups (0.20 -

0.29) were concentrated close to the origin of Axis 1 in the centre of the ordination 

hyperspace (Fig. 5.7) and were likely to be of the Macrozamia and undisturbed 

Bottlebrush community type. Plots with a high Invasion Index (0.40 - 0.49), mostly at 

the extreme right end of the Axis 1, were associated the fire regime types plot groups N o 

Fire During Study, Burnt 1985 (both undisturbed and disturbed subgroups) (Table 5.2, 

Fig. 5.7). None of the plant community types appeared to have a particularly high 

Invasion Index when comparing Figures 5.7 and 5.4. Clearly the impact of 

anthropogenic disturbance and altered fire regimes over a lengthy period of time (see 

§3.4) is associated with weed invasion and is usually accompanied by a loss of native 

species (Bridgewater and Backshall 1981). 
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5.4.5 Directional changes in sample plots over time 

Most plot changes (i.e. trajectory patterns) were directed away from the ordination graph 

origin at about 45° (Fig. 5.8). This indicates a prevailing shift in within-plot species 

frequency and species composition over time that is similar for the majority of the sample 

plots. Some plots tended to change direction upwards (-0°), perhaps indicating change 

mostly in species frequency and fire regime (§5.4.3). Other plots appeared to have 

moved across the ordination hyperspace (-90°) and would be influenced by decreasing 

species richness and less influenced by fire regime variables (§5.4.3). O n closer 

inspection plots changing direction upwards are largely from the Macrozamia and 

Bottlebrush community groups. Highest species richness and lowest invasion Index was 

recorded for these plots (see §5.4.4). 

Plots changing direction across the ordination hyperspace are mostly Mixed Banksia and 

Mixed Eucalypt community plots (see Fig. 5.2 and Fig. 5.4) and may have a broader 

range of species richness and varied responses to fire regimes than plots of the other 

community types. Although these might be generalisations, we can expect plant 

communities to exhibit different patterns of change in response to disturbance, 

particularly to altered fire regimes and weed invasion (see Bridgewater and Backshall 

1981). Changes at the community level are primarily due to invasion by perennial grass 

weeds (e.g. Ehrharta calycina, Baird 1977; Bridgewater and Backshall 1981) or seeder 

native species (e.g. Dryandra sessilis, Grubb and Hopkins 1986). 

The groupings of trajectory were examined for trends in relation to plant community and 

fire regime group (Fig. 5.6). Trajectory groups, three and four (Fig. 5.2) were dominated 

by plots located in the Mixed Banksia plant community, however this was not exclusive. 

N o other relationship between plant community type and trajectory group was clear. Fire 

regime groups did not correlate well with trajectory shape (Table 5.2), perhaps because 

plots in the N o fire during study or in 1985 group (plots 4, 11, 13, 17 and 27-29) moved 

substantially in the ordination hyperspace (Fig. 5.7). 
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For plots with three sampling periods and trajectories of un-equal length (e.g. Type 2, 

Fig. 5.2), composition and frequency m a y be said not to have returned to the initial state 

in the first year of monitoring. This is particularly so for sites that have been exposed to 

severe disturbance (Type la, Fig. 5.2; see Table 5.2). 

Change in sample plots was also measured by the difference in Euclidean distance 

between the first and last years measured. Plots were subjectively classed according to 

this measurement to indicate relative change (Table 5.5). 

Table 5-5: Classes of change between first and last year of sample plots, measured 

by Euclidean distance. 

Class of change Euclidean distance Plot no. 

Little 0-25 6,7,27,29,30,31 

Moderate 26-50 2, 3, 5, 9, 10, 11, 13, 17, 23, 24, 25, 26, 28 

Large 51-75 14, 15, 16, 18,20,22 

Great 76+ 1,4,8,12,19,21 

There were no correlations between classes of change in Euclidean distance and the plant 

community, fire regime or trajectory plot groups. However, despite this, there were 

differences between matched plots (burnt /unburnt, see §5.3.1) for trajectories and 

changes in Euclidean distance. All of the matched plots 1/2, 3/4, 5/6, 10/11, 12/13 and 

16/17 differed in trajectory class (Fig. 5.2) Of these pairs, only plots 10/11 were not 

different in the class of change in Euclidean distance (Table 5.5). 

Plots 25 and 26 which had the same community and fire regime type and were located 

very close together (Fig. 5.1), differed markedly in trajectory type but not measured 

change. This comparison of matched plots highlights differences in community 

responses for many of the reference sites. 
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Changes at sample plot level appear to be different because combinations of component 

species do not respond in a predictable way to past and present disturbance regimes 

{sensu Grubb and Hopkins 1986). In vegetation with patchy species distribution, such as 

the Reserve, measurement of resilience is complex. 

5.4.6 Changes in sample plot variables over time 

Four measures of change were used to assess community types for the sample plots. 

From this emerged several patterns. Firstly changes in the total number of species (Fig. 

5.9a) is parallelled by changes in numbers of native species (Fig. 5.9b). Only the Mixed 

Banksia community plots show any decreases in species numbers. A different pattern of 

change is identifiable for the Invasion Index where only the Bottlebrush community 

shows an increase (Fig. 5.9c). The overall change in composition as measured by the 

Euclidean distance shows little difference (Fig. 5.9d). ANOVA for the means of all four 

estimates (Table 5.6), in fact, shows that at the community level there has been no 

significant change over the three years of the study. 

If the fire regime plot groups are assessed using the same four measures of change, then 

slightly different patterns are observed. The total number of species is not parallelled by 

the number of native species (Fig. 5.10a and 5.10b). This is best explained by the 

reduction in Invasion Index for all fire regime groups except the Fire during study plot 

group which had a negligible increase (Fig. 5.10c). 

Interestingly the only group showing a loss of native species was the Fire during study 

plot group. The overall trend here is for an increase in numbers of native species two or 

three years after fire and a relative decline in the Invasion Index (ie the number of weeds 

relative to the total number of species). 
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Table 5-6: A N O V A for mean changes in total species, native species and Invasion 

Index for plots. 

Plot 

variable 

Total no. of 
species 

No. native 

species 

Invasion Index 

Euclidean 

distance 

Plant 

community 

groups 

F 
(Fcrit2.95) 

1.44 

0.64 

1.3 
0.45 

P 
value 

ns 

ns 

ns 
ns 

Fire regime 

groups 

F 
(Fcrit2 

0.33 

0.46 

0.8 
2.89 

.95) 

P value 

ns 

ns 

ns 
0.053 (ns) 

Unlike community plot groups, there was observable variation for change in Euclidean 

distance in the fire regime plot groups (Table 5.5). The N o fire during study, burnt 1985-

B group (plots 7, 8, 9, 18, 19 and 21) recorded greatest changes (Fig. 5.9d). Given the 

severity of disturbance at these sample plots compared to N o fire during the study or 

1985, this result might have been expected. The Fire During Study (plots 2, 6, 23-26 and 

32) also recorded a relatively low measure of change. 

Despite these observable differences for fire regime groups, A N O V A for the means of all 

four estimates (Table 5.6) indicate that, as for plant community groups, there has been no 

significant change over the three years of the study. Interestingly a high F value was 

calculated for the A N O V A for changes in Euclidean distance between fire regime groups 

(Table 5.6). 
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The apparent contradiction of similar Euclidean distances for different fire regime groups 

(see also Table 5.5) is explained by plot trajectory, where regardless of pattern, plots had 

a finish point which was relatively close to the starting point. This may be interpreted as 

community elasticity (Westman 1986), although plots 27-29 had only two years data 

(Fig. 5.8). It may be that past disturbance regimes , environment or climatic factors not 

examined here, m a y be responsible for composition changes in plant communities (e.g. 

grazing regimes in rangelands and average annual rainfall, see Loneragan et al. 1991). 

5.4.7 Comparison of native, weed and all species data-sets 

Output for plots for the first two axes native, weed and all species ordinations (see 

§5.4.1) were compared by correlation (Table 5.7). The correlation described in Table 5.7 

are illustrated in Figure 5.11 using a S P L O M diagram. Results indicate that the floristic 

compositional structure is similar for all of the data-sets for Axis 1 (Table 5.7, Fig. 5.11). 

The all-species data-set (both axes) is dominated by the native species data-set (Table 

5.7). Although the weeds data-set is significantly correlated to the all-species data-set, 

the relationship is inverse and much weaker than for the native species data-set (Table 

5.7, Fig. 5.11). The second axes are always independent of the first axis and comparisons 

amongst the three sets of second axes all show independence. It would appear that the 

native-species and weed-species subsets are being influenced or are responding 

differently to the ecological factors represented by the second axis. 
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Table 5-7: Correlation between the first two ordination axes of the all species, 

native species and weed species data-sets for permanent plots. 

Ordination axes All spp. 1 p All spp. 2 p Native p 

spp. 1 

Native p 

spp. 2 

Weed p 

spp. 1 

All spp. 1 

All spp. 2 

Native spp. 1 

Native spp. 2 

Weed spp. 1 

Weed spp. 2 

-0.01 
0 92 *** 

0.15 ns 

-0.69 *** 

-0.24 * 

-0.02 ns 
Q 7Q *** 

-0.21 ** 

-0.15 ns 

0.13 ns 

-0.44 *** 

-0.15 ns 

-0.254 ** 

0.074 ns 0.095 ns 

P < 0.001 

0.001 < P < 0.001 

0.001 < P < 0.05 
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Figure 5-11 • Split plot matrix of plot sample ordination of all-species data, plot 
sample ordination of native species and plot sample ordination of weed specie species. 



5.5 Conclusions 

Fire and disturbance regimes rather than inherent plant community and species richness 

patterns were found to be responsible for compositional changes in plots during the study 

period. 

• From the species ordination it was apparent that weedy native species and weed 

species dominated the right-hand side of the ordination hyperspace. 

• The plot ordination revealed a strong species richness pattern along axis 1, this was 

found to be significant. A decline in species richness for sample plots and increasing 

weed invasion trended across the all-species ordination. Axis 2 was significantly 

related to fire regime variables. The commonality between the two axes was the 

Invasion Index, related to Axis 1 by a decline in species richness and to Axis 2 as a 

decline in disturbance. 

• Fire regimes also appeared to influence changes in species richness. The change in 

Euclidean distance was observable for fire regime groups but was not statistically 

significant. 

• Most change occurred in plots burnt in 1985, but not those unburnt or burnt during the 

study. 

• Changes in species richness and the Invasion Index for sample plots for the period 

were observable but not significant. 

• Compositional changes to plots appear to be in response to disturbance regimes, but 

not necessarily during the study period. A relatively long pattern of anthropogenic 

disturbance and altered fire regimes is known for the Reserve (see §3.4), and 

movement of plots in the ordination hyperspace and changes in plots variables appear 

to be responding to previous perturbations. This is supported by the fact that changes 

occurred in plots not immediately influenced by fire or anthropogenic disturbance. 

• Analysis of the native species sub-set revealed that it is the primary influence in 

composition of the all-species data-set. Whilst many weed species influence patterns 

of change in the sample plots, particularly degraded ones, native species determine the 

identity of the plots (e.g. plant community type) and their response to disturbance. 
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6. CHANGES IN CANOPY COVER OF TUART WOODLAND 

6.1 Introduction 

Tuart {Eucalyptus gomphocephala A. DC) is an important overstorey tree, endemic to the 

Swan coastal plain of WA, including the Perth metropolitan area (Seddon 1972; Fox and 

Curry 1980). It is the tallest tree in the region and, before European settlement, the most 

important component of the coastal woodland communities. 

The deterioration of tuart trees in remnant vegetation around Perth has been reported for a 

number of years. Damage to tuart trees as a result of repeated fires in Kings Park was first 

reported in the early 1950's (Main and Serventy 1957) and more recently by Beard (1967), 

Baird (1977) and Wycherley (1984). Decline of tuart trees also occurs throughout its range at 

Mandurah, Burns Beach and Bold Park (Fox 1981), Star Swamp (Loneragan et al. 1984) and 

in the Ludlow area (Pigott 1984). 

Beard (1967) and Seddon (1972) have discussed possible long term changes to the structure 

of Tuart woodlands which would result in decreased importance of the species. The failure 

of seedling establishment, the primary regeneration strategy of tuart, due to grazing and fire 

has been observed at different localities by Powell and Emberson (1980), Fox (1981), 

Loneragan et al. (1984), and Foulds (1988). 

Beard (1967) proposed that community changes due to anthropogenic disturbance was the 

cause of the deterioration of Tuart woodland in Kings Park. The opening up of the tree 

canopy by the logging of jarrah, together with fewer but more destructive fires, has led to an 

increase in understorey cover and an increased density in understorey trees. These 

understorey trees compete for summer moisture and complete a replacement sequence of the 

large overstorey eucalypts (Beard, 1967). Fox and Curry (1980) have discussed the 

deleterious effects of a number of endemic insect pests on tuart. The decline of tuart is 

caused by a combination of pests and fungal attack and repeated burning (Fox and Curry 

1980; Watson and Bell 1981). 
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The significance of fire in the decline of the large eucalypts has been less strongly argued by 

Baird (1977) but supported by Seddon (1972), Fox (1981), Loneragan et al (1984) and 

Wycherley (1984). 

Watson and Bell (1981) have measured the tree size and composition of Tuart woodland and 

mixed banksia/eucalypt woodland at Star Swamp. They found that the distribution of tuart 

trees by size-class did not conform to that expected of a self sustaining population. The 

number of trees in the smaller size-classes was low indicating a lack of recruitment by the 

species. Rising water levels in Star Swamp over 25 years are also likely to have been 

responsible for high mortality of tuart trees in that wetland (Watson and Bell 1981). 

6.2 Aims 

The aims of this chapter are: 

•To estimate changes in canopy cover of tuart in a sample of woodland at Star Swamp; 

and 

•To estimate changes in the number of live tuart trees for the same woodland sample. 

6.3 Methods 

All available aerial photographs of the Star Swamp area, from 1948 to 1988 inclusive, were 

examined. Photographs from 1953, 1958, 1973 and 1988 were chosen for their clarity of tree 

canopy detail and to provide reasonable sample time periods. Enlargements of these 

photographs were made to an approximate scale of 1:5000. Using the ARC/INFO data 

capture facility, tuart canopies were digitised from the outlines traced from 1953, 1973 and 

1988 aerial photographs. The 1958 aerial photograph was only used to make a visual 

estimate of canopy for that year. 
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Canopy outlines were closed to create 'polygons' (closed circles), an important GIS data type 

which allows manipulation not possible with 'arcs' (lines). The tuart canopy data-sets for 

1953, 1973 and 1988 were transformed using the same Australian Map Grid (AMG) 

reference sites as were used for the other maps. Scale errors in the original photographs were 

not entirely eliminated using the transformation process. Therefore a direct overlay of the 

canopy cover was not interpretable (unpublished data). Variation between aerial photographs 

of the same ground object taken at different heights and angles requires a photogrammetric 

stereo model to enable comparison of canopy areas of the same tree (Hutchinson pers. comm. 

198911). However, as the same data-set was used for the whole study, any errors would not 

affect comparison of canopy cover between years and between methods. 

A new coverage was then created with ARC/INFO by 'clipping' a sub-sample area from 

within the existing data-set (Fig. 6.1). This was done to eliminate irregularities in the 

boundaries of each year's overlay and to exclude jarrah {Eucalyptus marginata) trees in the 

north and southeast of the study site. This ensured that the same sample area (calculated to be 

18.65 ha) would be compared between years (Fig. 6.1). 

Tuart canopy cover was estimated by using the combined area of polygons in each coverage; 

ARC/INFO calculates this area automatically when the command BUILD is used (ESRI 

1992). This area value was then expressed as a percentage of the total area of the clipped 

coverage and displayed using ArcView (Fig. 6.1). 

For the 1953 data-set, many trees were digitised as clumps rather than as individuals. 

Individual trees located on the 1973 and 1988 aerial photographs were not able to be 

successfully matched to individuals on the 1953 aerial photograph, because of the closed 

canopy of this photograph. Therefore comparison of changes to individual tree crowns 

between years was not possible. However the total number of trees for each year was 

sampled by counting individual trees crowns and estimating the number of trees per clump. 

11Ron Hutchinson, Managing Director of ESRI (SE Asia). 
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To check the ARC/INFO calculations the canopy area of each data set was estimated 

manually using two conventional estimation techniques, 'tree cramming' and 'dot counting'. 

Tree cramming involves drawing a circle over part of the traced canopy outlines (see above) 

and estimating the proportion of the sample filled by tree crowns (see Paine 1981). The 

second method involved placing a grid, with a known number of dots over the outline of tree 

canopies. The number of dots found to occur on tree canopies was divided by the total 

number of dots for the grid and expressed as percentage canopy cover. Both manual 

techniques were replicated five times to ensure adequate sampling. Canopy cover estimation 

by ARC/INFO was not replicated because of its inherent accuracy (see ESRI 1992). 

Means and standard errors for data collected from the two manual techniques were calculated 

and then subjected to ANOVA with the ARC/INFO data using EXCEL 5.0 (Microsoft 1993). 

An estimate of the number of living tuart trees (stems per hectare) was made for the 3 sample 

years by counting individual trees and number of trees per clump from the aerial photographs 

and canopy tracings. Estimates of number of stems per hectare for the Tuart woodland for 

1978 were derived from survey data for the same area of Star Swamp bushland (Watson 

1978). 
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6.4 Results and Discussion 

6.4.1 Canopy cover 

The ARC/INFO estimate was the lowest for tuart canopy cover of the three methods (Fig. 

6.2). Using this method tuart canopy cover for 1953, 1973 and 1988 was 27.8% 4.8% and 

11.8% respectively (Fig. 6.2). Use of the tree cramming technique resulted in the highest 

mean canopy cover for 1953, 1973 and 1988, 8.8, 15.4 and 31.7 respectively. It also had the 

largest standard error of the two manual techniques (Fig. 6.2), but is regarded as more 

accurate (Paine 1981). 

Variation in the data set for canopy cover between years and between techniques was found 

to be significant. A significant difference of P>0.0001 was found between sample years, and 

of P>0.001 between methods used to calculate canopy cover (Table 6.1). 

Table 6.1: Original data for tuart canopy cover estimates using ARC/INFO, Tree 

Cramming and Dot Counting techniques. 

Year 

1953 

1973 

1988 

ARC/INFO 

(no error) 

27.8 

11.8 

4.8 

Cramming 

31.7 

15.4 

8.76 

Std. 
Error 

7.7 

5.6 

3.2 

Dot 

intercept 

31.5 

14 

8 

Std. 

Error 

0.1 

1.4 

0.0 
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A two-tailed t-Test between means for the two methods with replicates was not significantly 

12 

different . Although the ARC/INFO estimate was less than estimates made using the 

Cramming Dot-intercept methods, they were similar in scale for each year (Fig 6.2). The 

mean canopy cover with standard error for 1953, 1973 and 1988 for all techniques was 

calculated to be 30.33±2.8, 13.73±1.9 and 7.2±2.6 respectively. This indicates a clear 

difference in canopy cover between all years regardless of method. 

There were significant differences of canopy cover between the study years. The reduction in 

canopy cover was greatest between 1953 - 1988 (P > 0.0001) than 1953 -1973 (P > 0.001) or 

1973-1988 (P> 0.005). 

The impact of this decline is most apparent when the images of the canopies for each year are 

examined together (Fig. 6.1). The canopy cover recorded for 1953 and 1973 confirms the 

physiognomic classification of this vegetation type by Watson and Bell (1981) and 

Loneragan et al. (1984) as woodland. Specht (1970) described three categories of projective 

foliage cover for vegetation with the tallest tree between 10 and 30m tall. 

12 P > 0.15, t-crit = 4.303 
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Figure 6.2: Canopy cover for tuart woodland around Star S w a m p 
estimated for 1953, 1973 and 1988 using three different techniques 



These are Open forest (Mid-dense 30-70%), Woodland (Sparse 10-30%) and Open woodland 

(Very Sparse < 10%). The mean estimates of tuart canopy cover indicate that the vegetation 

of the study area was Open forest in 1953, Woodland in 1973 and Open woodland in 1988. 

In the field the more open cover has a dramatic impact on the ecology of the native 

vegetation. Wycherley's (1984) hypothesis of weed invasion, altered fire regimes and 

anthropogenic activity being cyclical, appears to apply to Star Swamp bushland. 

Increased frequency and intensity of fires and shorter time between fires (see §3.4.2, §3.4.3 

and §3.4.4) has had a detrimental impact on the recovery of mature tuart trees and the 

regeneration of the species by seedling establishment. 

Severe fires can cause crown and bole scorch and the trees are unable to recover before the 

next fire. Bole scorch to jarrah and marri trees from medium intensity fires has been reported 

near Dwellingup, due largely to fuel build-up around the base of trees (Burrows, 1987). Bole 

damage appears to be one of the contributing factors to tuart decline and mortality in Tuart 

1 T 

woodland at Star S w a m p (Loneragan pers. comm. 1988 ). The continued anthropogenic 

activity (see §3.4.1) and build-up of fuel from weeds (e.g. veldt grass and rose pelargonium; 

see §6.5) in the area complete a cycle which is hard for Reserve managers to break. 

13 Dr Bill Loneragan is a Lecturer at the Department of Botany, UWA. 
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6.4.2 Predicting future canopy decline 

To predict future canopy decline of Tuart woodland at Star Swamp, two additional, but 

subjective estimates were used with the ARC/INFO canopy cover values. This was necessary 

to obtain a regression between canopy cover and number of years (Fig. 6.3). By visual 

comparison of the 1953 and 1958 aerial photographs an estimate of 25%) canopy cover was 

made for the study area in 1958 (data at 5 years, Fig. 6.3). For 1993 (data at 40 years Fig. 

6.3), it was estimated that canopy may be less than measured for in 1988, due largely to a fire 

in the study area in 1989 (unpublished data). Based on these assumptions the rate of canopy 

cover decline in the study area is likely to continue and would be about 2.5% canopy cover 

by the year 2000 (Fig. 6.3). Given present environmental circumstances at the Reserve (see 

§6.4.1), the trend for further tuart decline (Fig. 6.3) is likely to be correct. However, even if 

this prediction is incorrect, the loss of tuart canopy compared to 1953 and elsewhere in its 

range (Fox and Majer 1980; Fox (1981) is very serious. 

The repeated firing of the Tuart woodland in the Reserve will also bring continued pressure 

from insect pests and fungal diseases (Fox and Curry 1980). Increased pressure for 

groundwater resources is also likely. Watson and Bell (1981) hypothesised that the decline 

of tuarts in the Star S w a m p wetland was caused by a rising water table. In the upland areas, 

particularly on the eastern and southern margins of the study area, the slow invasion by 

Eucalyptus marginata, Banksia attenuata and B. menziesii trees is evident from aerial 

photographs (unpublished data). This change in tree composition could place the more 

shallowly rooted tuart under greater competition for groundwater resources (see Beard 1967; 

Seddon, 1972; Loneragan etal 1984). 

The condition of tuart canopy in the remainder of Reserve is also one of serious decline 

(unpublished data). Given the above factors the importance of tuart in the Star Swamp area is 

likely to continue to diminish relative to its previous status as the dominant tree. 
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Figure 6.3: Predicted decline in canopy cover for tuart woodland 
at Star Swamp, estimated for the period 1953 - 2003 



Rehabilitation planting of tuart (Pigott 1986) and implementation of fire control especially 

around tree bases, measures already under way in the Reserve (City of Stirling 1987), need to 

continue if this trend of tuart decline is to be reversed. 

6.4.3 Stem density 

The number of stems per hectare for tuart were estimated for 1953, 1973 and 1988 for the 

canopy cover study area at 310, 191 and 174, respectively (Table 6.3). Only 56 % of living 

tuarts trees estimated for 1953, remained in 1988. This decline is also measured by a 

reduction from 16.8 stems / ha in 1953 to 9.3 stems / ha in 1988, although the greatest 

reduction occurred in the period between 1953 and 1973 (Table 6.3). 

Table 6.2: Estimates of stems per hectare for tuart for the study area and adjacent 

woodland at Star S w a m p . 

Year 

No. live trees 

Est. live stems/ha 

This study 

1953 

310 

16.9 

1973 

191 
10.2 

1988 

174 

9.3 

Watson (1978) 

1978 

443 

34.0 

However, data from other sources differs markedly from this. Watson (1978) studied an area 

of 16.5ha at the southwest corner of the Reserve which overlaps the area of this study by 

about 6 0 % . Actual tree counts made in the vicinity of the study sample area, indicate a much 

higher number of living tuart trees present in 1978 (Watson unpublished data) (Table 6.3). 

Thirty-four live stems/ha were calculated (Watson and Bell 1981), a much higher density 

than that estimated from aerial photographs. 
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Watson (1978) also counted 131 dead tuart trees (23% of the total) in her study area 

indicating that higher numbers of live trees had previously grown in the area. Watson's 

(1978) data are similar to that of Fox and Majer (1980) for undisturbed Tuart woodland at 

Woodman's Point. Tuart trees were recorded at 29.84 live stems / ha plus 10.73 dead 

stems / ha. The trend of decline in stems / ha in this study is similar to the trend of 

decline in canopy cover (see §6.4.1). The estimate of 9.33 stems / ha reported for 1988 is 

similar to 5.5 stems / ha recorded for tuart in mixed woodland at Pinnaroo Valley 

Memorial Park, northeast of the Reserve by Foulds (1988). Fire and anthropogenic 

disturbance regimes were not reported by Foulds, but is presumed to be similar because 

of the Park's location in a residential area. 

Estimating the density of tuart trees using aerial photographs and ARC/INFO canopy 

coverages could be improved. More sophisticated remote sensing data must be used such 

as large-scale aerial photography described by Biggs and Spencer (1990). Aerial 

photographs of the W.A. jarrah forest for timber inventory and disease control are 

recorded by twin cameras, which are boom-mounted on a helicopter. 

6.5 Conclusions 

Results of this study confirmed the observations of Beard (1967) and Fox (1981). Tuart 

woodland has markedly declined over 35 years from Open forest to Open Woodland. 

This should be cause of great concern for land managers. As stated by other authors (e.g. 

Watson and Bell 1981), fire is but one of a complex set of factors that have reduced Tuart 

woodland canopy. Without changes in management to reduce the number of fires and the 

build-up of weed biomass (see Bridgewater and Backshall 1981), tuart canopy will 

continue to decline and mature trees will continue to be lost. 
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The use of A R C / I N F O does provide a method of estimating canopy cover for tuart trees 

that may be applied to other species of Eucalyptus. From this analysis, a relatively 

accurate data-base of changes in tuart canopy provides a benchmark for use in future 

monitoring. However, the data-capture technique used here (see §6.3) was time 

consuming and prone to operator and transformation errors. The use of scanning 

technology might have provided some improvements in time. 

Less success was achieved in estimating tree density from ARC/INFO data-base and 

aerial photographs. Clearly the use of canopy outlines to assist in estimating numbers of 

trees is not as accurate as data collected in the field. Despite this the trend of decline 

found in tuart canopy was supported by a decline in density of tuart. 
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7. MANUAL CONTROL OF WEEDS IN REMNANT BUSHLAND 

7.1 Introduction 

Weeds have become a threat to bushland remnants in Australia, particularly where regular 

disturbance from human activity creates desirable conditions for their introduction and 

establishment (Swarbrick 1987; Hobbs 1987; 1990). In order to manage remnant bushland 

for biodiversity as well as passive recreation, low impact techniques are required to control 

weeds. 

Manual control of weeds in small urban bushland remnants has many advantages over 

techniques used in broadscale agriculture. Conspicuous and aggressive weeds can be 

successfully controlled by hand (Buchannan 1989; Kirkpatrick 1986). Techniques such as 

grubbing, cutting and the application of herbicide by hand were pioneered in Sydney in the 

early 1970's by volunteers (Bradley 1988) to remove woody weeds from bushland areas. 

This approach assists the use of ecological control, for example planting out taller vigorously 

growing local native species, to suppress the growth and spread of these weeds (Loneragan et 

al 1984). Chemical control of weeds in bushland areas is difficult because of the broad 

killing range of many herbicides (eg: Roundup ) or the residual nature of others (eg: 

(it) (R) 

Velpar ). Trials at Kings Park with Gramoxone achieved a good control of veldt grass but 

with an undesirable mortality on native herbs (Wycherley, 1973). More recently success has 

been achieved using Fusilade 212 with no apparent deaths of native species" (Dixon et al. 

1988). 

Successful control of weeds using manual techniques has been achieved in bushland in the 

southwest of Western Australia. Pulling and cutting of Watsonia spp. has controlled 

populations of the weed near Perth (Day 1993) and on the south coast (Harwood 1993; 

Howard 1993). Volunteers pull plants up and stack them in piles for removal away from 

sensitive areas. Control over populations of weeds is rarely achieved in the first year and 

sites require re-weeding in successive years. 
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Another example is the successful reduction of Lupinus cosentinii (Sandplain Lupin) by 

hand-pulling, demonstrated over many years by the Friends of Star Swamp in the annual 

'lupithons' (Pigott 1987b, Pike 1993). Cutting techniques have also been tried on bushland 

weeds in Perth. Fuel reduction mowing of veldt grass (using a whipper-snipper) has been 

carried out at Star S w a m p Bushland and also at reserves in the City of Melville (Powell, 

personal communication 1988 ). However, mowing of plants by machine is limited due to 

lack of access beyond track-sides and unavoidable damage to native plants even where care is 

taken by the operator. 

7.2 Aim 

The aim of this chapter is: 

• to examine the effect of manual control techniques on the total plant biomass of the 

dominant weed species at a number of sites at the Reserve. 

7.3 Methods 

7.3.1 Plot locations and treatments 

The impact and success of pulling and cutting techniques have not been examined. An 

experiment was designed to see if manual control methods were effective on major weeds at 

the Reserve. Five sites were selected at the Reserve, each dominated by a different weed. 

The sites were located in a variety of plant communities (see §4.4.4) and had been exposed to 

different disturbance regimes. The sites were as follows: 

14Robert Powell is a local naturalist and author (see References) who is a member of the Reserves 

Advisory Committee. 
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Site 1 Gladiolus caryophyllaceus- Bottlebrush community; high native species richness 

Site 2 Homeria flaccida - Mixed Eucalypt community; high native species richness but 

greatly reduced tree canopy 

Site 3 Pelargonium capitatum 1- Cleared Macrozamia community, some native species 

Site 4 Pelargonium capitatum 2 - Macrozamia community, previously cleared; some 

native species 

Site 5 Ehrharta calycina - Mixed Banksia community, previously cleared; some native 

species 

A randomised block design was used at each site, with four replicates used for each 

treatment. T w o manual control treatments were used i) cutting plant at ground level and ii) 

pulling whole plant out of ground. 

7.3.2 Data collection and analysis 

The manual treatments were carried out in October 1985 and above-ground plant material 

harvested for measurement in November 1986. Control plots, those not treated in 1985, were 

sampled in 1986 by above-ground harvesting. Plant material was removed from the site to 

the laboratory and oven-dried at 60°C. Biomass of above-ground plant material was recorded 

as grams dry weight. 

Successful removal of the whole plant was not always achieved for the pulling treatment, that 

is, corms or root material were not always attached when the plant was pulled out. 

Consistency of this treatment in removing below ground material was not assessed during the 

trial. Any corm or root material attached to above ground plant material was trimmed so as 

to make the pulling treatment comparable with the cutting treatment. 

15Plot 4 was initially thought to be dominated by wild oats Avena spp. However after analysing the 

resultsPelargonium capitatum was found to be the dominant species at the site. 
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Data was log transformed to reduce heteroscadicity (Zar 1974). Treatments at each site 

was analysed as a pair-wise comparison (Fishers L S M ) using S Y S T A T statistical 

software (SYSTAT Inc. 1992). 

7.4 Biology of target species 

Many important weeds found on the Swan Coastal Plain are shrubs, herbs or cormaceous 

species of South African origin (Pate and Dixon 1982; Wycherly 1984). Four such 

weeds are: Homeria flaccida Sweet (One-leaved cape tulip), Gladiolus caryophyllaceus 

(Pink Gladiolus), Ehrharta calycina Sm. (Perennial Veldt Grass) and Pelargonium 

capitatum (L.)Ait. (Rose Pelargonium). 

7.4.1 Homeria flaccida 

Homeria flaccida is a polycarpic plant belonging to the Iridaceae family. It is 

characterised by a single ribbed grass-like leaf, up to 80cm long, with salmon coloured 

flowers on short upright stalks. The leaves are glabrous with a thick waxy cuticle. It 

reproduces mostly from a fleshy underground storage organ or corm which under 

favourable conditions forms "daughter" corms or cormlets (Pate and Dixon, 1982). 

Homeria flaccida is regarded as a serious weed in pasture land in southern Australia 

(Meadley 1965; Peirce 1979) and as an invasive weed in bushland near Perth (Keighery 

1993). Effective control of Homeria spp. has been achieved in agricultural areas by 

burning pasture, which allows sufficient moisture to penetrate the soil and stimulate most 

of the dormant corms to sprout. This enables the efficient use of 2,4-D herbicides before 

the establishment of the main pasture species. This chemical is unsuitable for 

environmental work because of its broad range of target plants and its residual nature. 

(K) 

Other chemicals registered for the control of cape tulip, including Glean (chlor-

sulphuron) and Ally (metsulphuron) are likewise unsuitable. 
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7.4.2 Gladiolus caryophyllaceus 

Gladiolus caryophyllaceus is another weedy member of the Iridaceae. It is polycarpic, 

reproduces from seed as well as corms. It is recognised by several ribbed grey leaves and a 

column of pink tubular flowers forming an upright plant to 1.2 metres. The leaves of 

Gladiolus caryophyllaceus are glabrous with a waxy cuticle. Under favourable conditions 

many 'daughter' corms are produced from the parent corm some of which may sprout the 

following season depending on the season (Pate and Dixon, 1982). Fire in bushland allows 

better moisture penetration after the first rains, and as for the cape tulip (Peirce, 1979), a 

higher level of sprouting from the corms may result. Gladiolus spp. have not been recorded 

as weeds of agricultural significance in Australia, although six species are recognised as 

bushland weeds in Keighery (1993). 

7.4.3 Ehrharta calycina 

Ehrharta calycina (perennial veldt grass) is a polycarpic plant in the family Poaceae. It is 

characterised by its robust tuft of leaves (or tussock) which dry out after flowering at the end 

of spring. The slender panicles of Ehrharta calycina have a distinctive purple-pink colour 

during the spring and are a c o m m o n sight around the southwest of Western Australia 

(Gardner, 1955). Despite high seed production seedlings are vulnerable to grazing and 

drought and will not establish on hard-set soils (Paterson, 1979). Ehrharta calycina re-grows 

vigorously after fire and mowing, the latter only serving to cut down standing fuel. This 

characteristic combined with seasonal production of a highly inflammable fuel has changed 

the nature of the fire regime in invaded areas. Fires are thought to be more intense than prior 

to white settlement (Wycherley, 1984). It has been described as 'a most serious problem' and 

'probably the most damaging introduced plant' in the remnant bushland at Kings Park, 

Western Australia. (Wycherley, 1984). 
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7.4.4 Pelargonium capitatum 

Pelargonium capitatum is a polycarpic shrub with stout spreading stems growing from a 

brittle woody rootstock. The Rose Pelargonium has soft hairy foliage with up to twenty pink 

flowers born on a stiff peduncle (Smith, 1985). It is a native, but n o w very rare, of the 

southwest Cape of South Africa but has been naturalised in coastal vegetation of the 

southwest of Western Australia (Marchant et al. 1987). It is well established in open tuart 

woodland and grows well in shade or direct sunlight. The plants are very flammable, 

resprout vigorously after fire and produce large amounts of viable seed. Although mortality 

is high, overall seedling establishment is good. Combined with introduced grasses, the 

geraniums growing at the bases of large tuarts at Star S w a m p Bushland burn intensely 

enough to ringbark the trees, leading to dieback and even deaths (Loneragan pers. comm.). 

The control of this weed at the bases of trees is desirable to aid in the rehabilitation of tuart 

woodland which has become degraded in recent years. 

7.5 Results and discussion 

As might be expected data varied considerably between species and was not compared (Table 

7.1). Data was log transformed and means and standard errors then calculated for the 

treatments (Table 7.1). User Fishers least-significant-difference test, some of the treatment 

means were found to be significantly different from each other within sites (Fig. 7.1). 

Results indicate that only the pulling technique was effective, compared to the control, in 

reducing the above ground biomass of Gladiolus caryophyllaceus and Pelargonium 

capitatum at two sites. There was also a significant difference between cutting and pulling 

techniques for Pelargonium capitatum at site 1. Despite observed reduction in biomass, no 

significant difference was found between treatments for Homeria flaccida and Ehrharta 

calycina. 
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Table 7.1: Mean biomass for manual control treatments on the dominant weed at five 

different sites at the Reserve 

Site 

Bioma 
ss 
(gdry 
wt.) 
Control 

Cut 

Pull 

Gladiolus 
caryophyllaceus 
dry wt. 

25.92 

16.42 

7.12 

transf. 

Mean 
±SE 
3.21± 
0.18 
2.44± 
0.49 
1.72± 
0.44 

Homeria flaccida 

dry 
wt. 

38.88 

39.75 

28.17 

transf. 

Mean 
±SE 
3.61 ± 
0.19 
3.64± 
0.17 
2.80± 
0.69 

Pelargonium 
capitatum 1 
dry wt. 

947.38 

494.75 

255.38 

transf. 

Mean 
±SE 
6.88± 
0.04 
6.12± 
0.26 
4.94± 
0.59 

Pelargonium 
capitatum 2 
dry wt. 

628.50 

395.62 

196.01 

transf. 

Mean 
±SE 
6.39± 
0.18 
5.81± 
0.35 
5.01± 
0.42 

Ehrharta 

dry wt. 

530.38 

424.25 

346.12 

calycina 

transf. 

Mean 
±SE 
6.25± 
0.13 
6.00± 
0.18 
5.51± 
0.42 

However, lack of a significant results for pulling technique on Homeria flaccida were as 

expected. The corms on most plants were not all pulled, leaving vegetative material in the 

ground to produce new plant material. This was in part due to the compact soil found at the 

site but also the time of year. To ensure successful pulling of cormacious material time of 

year is crucial for Watsonia spp. (Howard 1993; Wilson and Conran 1993). Results for 

pulling Gladiolus caryophyllaceus were successful, indicating that October is likely to be the 

best time of year for this technique. 

The lack of significant results for Ehrharta calycina was disappointing. A positive result for 

either treatment may have indicated that annual fuel reduction mowing of this species reduces 

biomass in the following year as well as the year of control. However, Ehrharta calycina can 

be controlled successfully in bushland with the selective herbicide fluazafop (Fusilade ), 

although this is an expensive option for 'bush regenerators' and local government compared 

to mowing with a hand-held whipper-snipper (Pigott 1986). For Pelargonium capitatum, 

which contributes to increased fuel loadings and flammability at the Reserve, mowing may be 

useful in reducing the fire hazard around the base of Tuart trees (see §6.4.3). 

The technique of pulling Watsonia and Gladiolus spp. is a cheap, effective method for 

volunteer bush regenerators and has already been shown to be successful in reducing numbers 

of plants in remnant vegetation near Perth (Day 1993) and Albany (Howard 1993). 
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7.6 Conclusions 

• The pulling treatment, but not the cutting treatment, significantly reduced the biomass 

of two weeds at the Reserve, Pelargonium capitatum and Gladiolus caryophyllaceus. 

• Lack of success of the pulling technique on the other species, Ehrharta calycina and 

Homeria flaccida were largely due to structure and phenology respectively. 

• The cutting technique failed to reduce biomass because all four weed species resprout 

rapidly from rootstock or corms after severe disturbance, a characteristic which has 

contributed to each species' success as a weed. 

• Pulling techniques have application to weeding small, sensitive bushland areas by 

volunteers reserve management officers working for local or state government 

agencies. 
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8. CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS 

8.1 Introduction 

A major threat to the future conservation of remnant bushland in urban areas is repeated 

firing of the vegetation and the impact of subsequent weed invasion on the plant communities 

{sensu Bridgewater and Backshall 1981). Ongoing anthropogenic activity perpetuates the 

cycle of fire and weeds {sensu Wycherley 1984). Management of urban bushland, therefore, 

depends on an understanding of the vegetation with regard to these processes so as to provide 

managers with the information necessary to effectively accomplish their goals. 

A series of research projects was established in remnant bushland at the Star S w a m p 

Bushland Reserve with this background in mind. In summary, the project has identified and 

describe disturbance patterns resulting from anthropogenic activity and fire, patterns of plant 

species richness and weed invasion, the distribution of plant communities, changes in the 

plant communities over time, changes in canopy cover of Tuart woodland over time and the 

response of several major weed species to manual weed control techniques. 

8.2 Anthropogenic disturbance and fire regimes 

Past and present anthropogenic disturbance regimes have been described for the Reserve. 

These include the large network of tracks and many access points, areas heavily grazed near 

Star S w a m p and areas on the east side of the Reserve cleared for engineering projects. 

Changes to access, track closures and rehabilitation of degraded areas, as directed by the 

Management Plan (City of Stirling 1987), need to be completed and their effectiveness 

monitored in light of this work. 
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The documentation and analysis of the fire regimes has revealed distinct fire patterns at the 

Reserve. A total of 34, predominantly summer fires, were recorded for the Reserve between 

1948 and 1987 and most are believed to have been deliberately lit. The earlier pattern of 

broadscale fires has changed in recent years (since 1968) to patterns of smaller mosaic fires, 

largely due to increased levels of fire protection and the introduction of firebreaks. Average 

fire frequency of sites in the Reserve was 8-9 fires over 39 years for which data was available 

and the mean fire-free period between fires at these sites was 4.5 years. Based on this data a 

prediction has been made that areas of bushland not burnt for 5 years or more are likely to be 

burnt the following summer. 

The current Management Plan recommends that the Reserve be kept fire-free for the duration 

of the Plan and that fire not be used as a management tool. The results of this study suggest 

that this an unachievable goal unless accompanied by other measures. Wildfires have 

occurred since the study was completed and they appear to be confined to smaller areas due 

firstly, to better cooperation with the local fire brigade whereby attempts are made to stop the 

fire and not allow them to burn through to a convenient break or road verge and secondly, the 

organisation of a fire watch system amongst local residents whereby early warning is given to 

the appropriate authority of a fire outbreak (Loneragan pers. comm.). The effectiveness of 

these measures, both recommended by the Management Plan, could be tested by comparing 

the pre-1987 fire history detailed in this study with post-1987 fire history. 

Additional measures to support effective fire control and early fire detection include firebreak 

maintenance and weed control. Firebreaks need to be kept to the width recommended in the 

Management Plan so as to ensure that fire cannot easily carry over the track. This may 

involve cutting back overhanging trees and shrubs that have grown back since the 

establishment of the firebreak and mowing or slashing firebreak edges to reduce above-

ground weeds. Firebreak surfaces, particularly crushed limestone, need to be maintained to 

ensure quick access to fires for fire-fighting vehicles. 
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Tuart trees at the Reserve have been shown by this study to be in rapid decline. One aspect 

of this decline is purported to be repeated fires which damage the base of trees as well as the 

canopies. To protect large tuart trees, particularly near Star Swamp, dense weeds (mainly 

rose pelargonium) around the base of these trees need to be slashed whenever possible. 

Results of manual weed control in this study indicate that this technique reduces the above-

ground growth for some weed in the next year. Fire protection of old trees would also help 

protect rehabilitation plantings of tuart that have been carried out in the Star S w a m p area 

since the early 1980's. 

8.3 Vegetation survey and mapping 

Geographic patterns of species richness based on total species numbers and numbers of native 

species only within the Reserve were similar and produced explainable patterns between 

reference sites. This indicates that the vegetation pattern is still dominated by the native 

species. Indicies of the Invasion Index using relative numbers of weeds were inverse to total 

and native species richness indices. The relationship of Invasion Index and nearness to edge 

of vegetation was not significant largely due to the plethora of tracks at the Reserve. 

However sites of high anthropogenic disturbance (e.g. clearing) and high Invasion Index were 

associated. 

Five plant community groups were defined and mapped as S w a m p Paperbark, Bottlebrush, 

Macrozamia, Mixed Banksia and Mixed Eucalypt. Community groups defined here were in 

part similarly distributed to those of Loneragan et al. (1984) and some plant communities 

were identifiable with the vegetation complexes of Heddle (1980). 

177 



Ten plant sub-community groups were defined from the community groups and mapped. 

These sub-communities represented the extremes of weed-dominated vegetation through to 

vegetation dominated by native species. The sub-community Melaleuca raphiophylla was 

easily distinguished from the rest of the sub-communities by its native indicator species, but 

has been reported as weed invaded (Loneragan et al. 1984). T w o sub-communities, 

Medicago sp. and Brassica tournefortii appeared from the classification to be degraded 

forms of the Allocasuarina humilis and Loxocarya flexuosa sub-communities respectively 

and the sub-communities Silene gallica and Stipa elegantissima may be degraded forms of 

the Hardenbergia comptoniana sub-community. The Lagurus ovatus and Briza minor s\xb-

communities both appeared to be weed dominated. 

Some plant sub-communities were found to be confined to elevation and aspect classes, a 

known factor in determining vegetation type on the Swan Coastal Plain. It is possible that the 

degraded sub-communities Medicago sp., Brassica tournefortii, Silene gallica and Stipa 

elegantissima could be rehabilitated, with weed control and planting out of key species. 

Measures such as these, and follow-up monitoring, would assist the long term conservation of 

plant communities in the Reserve. 

8.4 Temporal changes in plant communities 

Disturbance regimes were found to be primarily responsible for compositional changes in 

plots during the study period. Patterns an on ordination of three years of plot samples (90 in 

total) based on the frequency of 198 species was found to be best correlated with by species 

richness and to a lesser extent variation in fire regime variables. Species richness declined 

from left to right along the primary axis, while the Invasion Index increased. The second axis 

was related to a decrease in two fire regime variables, fire frequency and time since the last 

fire. From the species ordination it was apparent that the left and right-hand sides were 

framed by key native species responding to fire and weedy native and introduced species 

respectively. Patterns in the species ordination could be related to patterns in the sample plot 

ordination. 
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A s a measure of floristic change over the three year study period the Euclidean distance 

between the first and last years of sample plots for the study was used for disturbance 

groupings of plots. The distances were significantly related to recent fire regimes. Most 

change occurred in plots burnt in 1985, but not during the study, and with a history of severe 

disturbance. Most plots with little or moderate change were not burnt in 1985, and either 

burnt or not burnt during the study. 

Vegetation change is, however a function of it's long-term history as well as the immediate 

past. The classification of the plots to the fire regimes experienced during the three year 

study period. While this has allowed differential responses within the communities to be 

identified, the extent to which these are confounded by past events is largely unknown. It is 

believed that some of the directional movement of plots in the ordination hyperspace and 

changes in plots variables appear to be responding to the relatively long pattern of 

anthropogenic disturbance and altered fire regimes in the Reserve described earlier. 

Analysis of the native species data-set separately revealed that it is the primary influence in 

composition and abundance in the all-species data-set. Whilst many weed species influence 

patterns of change in the sample plots, particularly degraded ones, native species largely 

determine the identity of the plots (e.g. plant community type) and their response to 

disturbance. 

8.5 Changes over time in Tuart woodland canopy 

Canopy cover of Tuart woodland in the Reserve has significantly declined over 35 years from 

Open forest to Open woodland. As stated by other authors (Beard 1967; Fox 1981; Watson 

and Bell 1981), fire is but one of a complex set of factors that have reduced Tuart woodland 

canopy. Without changes in management to reduce the number of fires and the build-up of 

weed biomass (see Bridgewater and Backshall 1981), tuart canopy will continue to decline 

and mature trees will continue to be lost. 
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The use of A R C / I N F O has provided a method of estimating canopy cover for tuart trees that 

provides a benchmark for monitoring future canopy changes. Less success was achieved in 

estimating changes in tree density over time using the ARC/INFO and aerial photographs 

mainly because of the difficulty in recognising individual trees, especially in the earlier 

photographs. 

8.6 The effectiveness of manual weed control techniques on four major bushland 

weeds 

The pulling treatment, but not the cutting treatment, significantly reduced the biomass of 

Pelargonium capitatum and Gladiolus caryophyllaceus but not Ehrharta calycina and 

Homeria flaccida. The cutting technique did not significantly reduce biomass because all 

four weed species resprout rapidly from rootstock or corms after severe disturbance. Pulling 

techniques have specific application to weeding small, sensitive bushland areas by volunteers 

involved in bushland regeneration. 

Alternative methods of weed control not tested in the study include the use of selective 

herbicides that can be broadly applied in bushland without apparent damage to native species. 

(SO 

A widely used herbicide of this type is Fusilade , regularly used by Kings Park staff to 

control veldt grass in remnant bushland (Kings Park and Botanic Gardens 1993). Contact 

herbicides, such as glyphosate are commonly used to control large woody weed species in 

bushland (e.g. Pigott 1987b; National Trust of Australia ( N S W ) 1991). M a n y existing 

agricultural chemicals, ranging in selectivity on native species, may also be used for weed 

control in bushland (Panetta and Moore 1993). 
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8.7 Management Recommendations 

The Reserve comprises a high number of native species and plant community types for its 

size. Despite long exposure to anthropogenic disturbance and altered fire regimes and the 

resultant high level of weed invasion, the Reserve is a valuable bushland conservation 

resource in the Perth metropolitan area. Effective management of people using the Reserve, 

as well as rehabilitation of degraded areas, is of high priority. 

Plant communities at the Reserve are dominated floristically by native species which largely 

determine changes in composition after fire. Despite this dominance by native flora, species 

loss is associated with continuing pressure of repeated firing, with which some native species 

are unable to cope. Invasion by weeds is associated with this regime and plant communities 

will continue to decline floristically and structurally. Major weed species do influence 

changes in plots with low numbers of native species, particularly those degraded by severe 

disturbance. 

Although not directly established by this study, it would appear from circumstantial evidence 

that repeated firing has led to a marked decline in tuart canopy at the Reserve. If this is the 

case then fire protection in the tuart woodland is essential to protect existing trees and those 

planted since 1986. In area where tuart is not the dominant overstorey tree, repeated firing 

may lead to replacement by Banksia attenuata and B. menziesii trees which are better able to 

recover as adult trees and regenerate by seedlings. Strategic planting of tuart trees, 

particularly those grown from local seed, is required to balance the predicted decline of this 

important species. 

Weed control strategies may be useful in regenerating or protecting small areas of the 

Reserve. Manual techniques offer cheap management tools, particularly if they can involve 

volunteers. 
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8.8 Integration of ecology and GIS for reserve management 

Overall, the use of GIS for description and monitoring in ecological projects is seen as an 

effective tool. GIS has been used to present data collected in the field, from multivariate 

analysis of field data and also interpreted from remote-sensing (aerial photographs). GIS can 

use historical data effectively to assist in the presentation and prediction (e.g. tuart canopy) of 

a potential ecological disaster, the magnitude of which may have been missed using 

conventional techniques. The use of GIS in ecology has increased rapidly since this study 

was commenced in the mid 1980's, from mapping of environmental themes to sophisticated 

modelling and problem solving (e.g. Wills et al. 1994). The advantage of integrating GIS 

with management is in its flexibility for updating data-sets with new information, devising 

alternate models to solve a new problem and to produce new displays when different themes 

are required. I trust that the GIS framework I have compiled for the Star S w a m p Bushland 

Reserve will be used by the Reserve's managers for many years to come. 
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