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Abstract 

The Mary River catchment, Northern Territory, is a multiple-use region which has 

significance not only as highly productive pastoral land but also for conservation 

values. Concerns have been raised in recent years regarding the spread of exotic 

pasture grasses, particularly gamba grass (Andropogon gayanus) and para grass 

(Urochloa mutica), from pastoral properties into natural habitats and their possible 

threat to biological diversity. The comprehensive field surveys of terrestrial vertebrate 

fauna in the floodplain and savanna woodland habitats within the catchment provide 

the first quantitative evidence on the ecological effects of para grass and gamba grass. 

The findings of my research indicate that the conversion of native vegetation to 

communities dominated by dense para grass or gamba grass, could lead to a 

substantial loss of plant and animal biodiversity, as well as reductions in the size of 

some animal populations currently present in the catchment. In the floodplain habitat, 

87% of native plant and 66% of native animal species were not recorded in areas 

where para grass cover was greater than 40%. In the savanna woodland habitat, a 

similar although less pronounced result was observed, with 47% of native plant, 18% 

of native vertebrate species not recorded in either woodland areas with a dense gamba 

grass understorey (i.e. >70% of the total ground-level plant cover) or paddocks of 

gamba grass. Many individual species (mostly small reptiles and birds) were shown to 

decline in abundance as the cover of para grass or gamba grass increased. 

Management responses at a range of levels, in conjunction with monitoring to assess 

the efficacy of any action, are required if conservation goals for the catchment are to 

be realised. The eradication of para grass and gamba grass on conservation reserves 

within the Mary River catchment should become a high priority. Efforts to contain 

these exotic pasture grasses on unreserved land, particularly pastoral properties 

bordering conservation reserves, need to be intensified. A monitoring program that 

involves a combination of direct monitoring of the exotic grasses (e.g. aerial surveys), 

and on-ground flora and fauna surveys (possibly streamlined to target indicator groups 

only) is recommended. 
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Abstract 

The Mary River catchment, Northern Territory, is a multiple-use region which has 

significance not only as highly productive pastoral land but also for conservation 

values. While other serious environmental problems (e.g. saltwater intrusion, 

degradation by buffalo) have been acknowledged in the catchment for decades, the 

threat of exotic pasture grasses invading non-pastoral lands, altering natural habitats 

and adversely affecting wildlife communities is a relatively new issue about which 

concerns have been raised in recent years. Two pasture grasses, Andropogon gayanus 

(gamba grass) and Urochloa mutica (para grass), are of particular concern and to 

date, no studies have examined the ecological impacts of these exotic species on 

native wildlife. 

This introductory chapter provides background information on the origins of my 

research project. A brief history of the environmental management issues pertaining 

to the Mary River catchment in the period leading up to the commencement of my 

research is provided. The aims of my project are outlined and characteristics of the 

Mary River catchment itself, including background information on para grass and 

gamba grass, are also discussed in detail. The final section of the chapter provides an 

overview of the remainder of the thesis. 

1.1. Introduction 

1.1.1. Background 

In contrast to much of southern Australia, the Northern Territory landscape has 

undergone limited structural modification since European settlement. However, this 

situation is changing as primary producers seek new ways to exploit expanding 

markets for agricultural products. Much of the landscape is unsuitable for intensive 

development because of poor soils and consequently attention has been focused on 

patchily distributed, comparatively fertile and apparently resilient parts of the 

landscape, especially seasonal wetlands. The combination of reliable water supplies, 

extensive floodplain grasslands and an abundant aquatic and terrestrial wildlife in 

wetlands across the Northern Territory has resulted in these areas becoming highly 

valued for primary production (mainly pastoralism), tourism and conservation. Over 



Chapter 1. Introduction 

2 

the past few decades, the wetlands of the Mary River catchment have been the focus 

of much development. The prospect of intensified use of the catchment‟s resources 

raised community concerns regarding impacts on important industry sectors 

(particularly tourism and fisheries) and the maintenance of conservation values 

(Whitehead et al. 1990). 

Progress towards catchment-wide planning and management for the Mary River 

region began in November 1994, when the Northern Territory Government ordered 

an enquiry from the Sessional Committee on the Environment to investigate matters 

relating to environmental protection and multiple use of wetlands associated with the 

Mary River system (NTLASCE 1995). At around this time (December 1994), the 

management concerns of a wide range of stakeholders were given a forum and 

discussed in a specially convened workshop entitled „Making multiple land use 

work‟. One of the key recommendations of the Sessional Committee‟s enquiry and 

the workshop was that a task force of representatives from all relevant sectors be 

established to develop an Integrated Catchment Management Plan (hereafter referred 

to as the ICMP) for the Mary River region (NTLASCE 1995; Jonauskas 1996). This 

plan was released in August 1998 (Anonymous 1998) and revised in January 2001 

(Mary River Catchment Advisory Committee 2001). 

The broad goal of the ICMP is stated as the “ecologically sustainable multiple-use of 

the Mary River catchment” and it was envisioned that this would be achieved 

through the “maintenance or enhancement of soil, vegetation and water quality, 

maintenance of biodiversity and resource productivity, and optimisation of net 

financial and social benefits” (p. 11 Anonymous 1998). The ICMP detailed twelve 

major issues for the Mary River catchment: saltwater intrusion, aquatic habitat, 

weeds
1
, fire, grazing, pastures, nature conservation, clearing, water quality, erosion, 

the visitor experience and feral pests. Strategies for the management of each issue, 

including action responses and implementation timetables, were also presented. 

                                                 
1
 A weed is defined as a plant growing where it is not desired; „environmental weeds‟ are plant taxa 

that invade natural vegetation and adversely affect biological diversity and/or ecosystem functioning 

(Humphries et al. 1991; Richardson et al. 2000). 
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Importantly, the ICMP acknowledged that sustainable land use is dependent on 

natural values and ecological processes and hence set the key conservation objectives 

for the catchment of no loss of species, to sustain large populations of the dominant 

flora and fauna, and to encourage the return of some of the former degraded habitats 

(Anonymous 1998). The development of a nature conservation plan was 

recommended and this was completed in June 2002 by the Parks and Wildlife 

Commission of the Northern Territory (now called the Parks and Wildlife Service 

Northern Territory – PWSNT), with funding granted under the Natural Heritage 

Trust (i.e. Armstrong et al. 2002). The conservation plan presented a comprehensive 

inventory of the Mary River catchment‟s flora and fauna, based on two years of field 

survey and collation of previous records. In addition, the nature conservation plan 

proposed a number of specific management actions, including on-going biological 

monitoring, for each of the twelve issues stated in the ICMP. 

Several research and/or monitoring programs for some of the issues identified in the 

ICMP have since commenced (or continued), and these include assessments of fish 

communities and movements (de Lestang and Griffin 1999; de Lestang et al. 2001), 

water quality (Schultz et al. 2002), and wetland condition (mainly in relation to 

saltwater intrusion mitigation works) (see Bach and Hosking 2002 and Bach 2002). 

Information from these studies will provide an indication of the current status of 

some aspects of the environmental „health‟ of the Mary River catchment. However, 

if the laudable conservation objectives of the ICMP are to be realised, more targeted 

monitoring of threats to biodiversity will be required (Whitehead 1999a; Armstrong 

et al. 2002). 

1.1.2. Need for this research 

Several possible threats to biodiversity in the Mary River catchment were identified 

by Whitehead et al. (1990) and Armstrong et al. (2002) (see section 1.3.5. below for 

a more detailed discussion). For most of these, a general consensus was expressed in 

the ICMP for management actions to remove or ameliorate the threatening processes 

(e.g. saltwater mitigation works, control of Mimosa pigra). However, one issue 

stands out as having the potential to create serious conflict among different 

stakeholders – the use of exotic pasture species. Exotic pastures are utilised and 
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valued by the pastoral industry, which is not only the most geographically extensive 

but also probably the most politically influential sector within the catchment. The 

conflict arises because exotic pasture species often spread beyond the boundaries of 

pastoral properties (including into conservation zones), and these species have the 

potential to become environmental weeds and cause habitat degradation, loss of 

biodiversity, and hence they may threaten the ecological integrity of the system 

(Clarkson 1991; Lonsdale 1994; Grice 2006). Further, if the conservation reserve 

system is to be expanded in the Mary River catchment, such expansion must almost 

inevitably involve acquisition of lands now managed for pastoralism. If the current 

management of these lands results in irretrievable loss of biodiversity resources, this 

would represent a serious foreclosing of alternative land use options, including any 

possibility of advancing the comprehensiveness and adequacy of the existing reserve 

system. 

Very little information is available on the effects of exotic pasture species on native 

flora and fauna anywhere in Australia, and especially in the Northern Territory (see 

chapter 2 for a more detailed review of existing knowledge). At the commencement 

of this project, several exotic pasture grass species were known to be present in the 

Mary River catchment, but concern was growing about the ecological impacts of two 

particular species apparently spreading into non-pastoral areas – para grass 

(Urochloa mutica (Forssk.) T. Q. Nguyen) and gamba grass (Andropogon gayanus 

Kunth.) (Whitehead et al. 1990; Cook 1991; Flores 1999). Some information was 

available on the environmental impacts of para grass (e.g. Clarkson 1991; Humphries 

et al. 1991; Bunn et al. 1997 & 1998), however, data on the potential effects of 

gamba grass was very scarce (e.g. the ecological studies of Barrow 1995 and Flores 

1999). Research on the effects of gamba grass on fuel loads and fire regimes 

commenced at around this time (see Rossiter et al. 2003), but to date, no studies have 

investigated the impacts of either species on terrestrial wildlife. Given the multiple-

use objectives of the Mary River ICMP, as well as possibly wide-ranging 

environmental impacts of para and gamba grass (i.e. potential distributions which 

encompass most wetland and savanna habitats across northern Australia, for para 

grass and gamba grass, respectively), research to investigate this issue was urgently 

required. 
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In 1998, funding was granted from the Australian Research Council through the 

Strategic Partnerships with Industry Research and Training (SPIRT) program for 

research addressing some of the concerns outlined above. Two APAI PhD 

scholarships were awarded to undertake research projects which were a collaborative 

venture between Charles Darwin University and two industry partners – the (then) 

Parks and Wildlife Commission of the Northern Territory, and the NT Department of 

Lands, Planning and Environment (now both part of the Department of Natural 

Resources, Environment and the Arts – NRETA), commenced in June 1999. The 

PhD projects were closely linked, with one focusing on spatial analysis and 

modelling (see Ferdinands 2007), and the other on wildlife ecology (my project). The 

aims of my PhD project are presented below. 

1.2. Aims and objectives of the research 

The broad aim of my study was to assess the balance of multiple land uses in the 

Mary River catchment, and in particular, to investigate how aspects of land 

management of one sector (i.e. the use of introduced pasture grasses on pastoral 

properties) impact on the ability of another sector to achieve management goals (i.e. 

conservation of biodiversity). More specifically, the objectives of my project were to: 

1. provide a quantitative assessment of the effects on the vertebrate fauna and 

their habitat of para grass invasion in floodplain grasslands; 

2. provide a quantitative assessment of the effects on the vertebrate fauna and 

their habitat of gamba grass invasion in savanna woodlands, and 

3. explore options for monitoring, with respect to different management 

scenarios that may be implemented, in relation to para grass and gamba grass. 

Detailed research objectives pertaining to each section of the study are given in 

subsequent chapters. 

Importantly, my research will provide information not only relevant for the on-going 

planning and management of the Mary River catchment, but also a greatly improved 

understanding of the ecological impacts of two exotic pasture species which have the 

potential to spread across vast areas of northern Australia. 
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1.3. Characteristics of the Mary River Catchment 

This section provides a brief description of the Mary River catchment, including the 

key environmental characteristics, current and historical land use, values, land 

management practices and threatening processes. For more detailed information see 

the ICMP (Anonymous 1998), the draft management plan (Billyard 1998), 

conservation plan (Armstrong et al. 2002), and the wetland monitoring report by 

Bach and Hosking (2002). Plant and animal nomenclature used in this chapter and 

throughout the thesis follows Kerrigan and Albrecht (2007) for vegetation, Christidis 

and Boles (1994) for birds, Menkhorst and Knight (2001) for mammals, and Cogger 

(2000) for reptiles and frogs. 

1.3.1. Geography, climate and habitat 

The Mary River catchment, covering an area of 8062 km
2
, is located in Australia‟s 

Top End, approximately 100 km east of Darwin, Northern Territory (Fig. 1.1). The 

climate is seasonally tropical with a distinct wet season (November to April) 

alternating with an almost rainless dry season (May to October). The average annual 

rainfall at Darwin is 1713.9mm (Darwin Airport data 1941–2004, 12º25´S, 

130º54´E; Bureau of Meteorology 2004). Mean daily maximum temperatures in the 

region range from 30.5ºC in July to 33.2ºC in November. Mean daily minima range 

from 19.3ºC to 25.3ºC. 

The catchment includes the Mary River itself as well as tributaries of the McKinlay 

River and several major creeks. The Mary and McKinlay Rivers converge more than 

60km from the coast and flow out over a 1300km
2
 system of mainly freshwater 

wetlands. The freshwater floodplain drains into the tidally influenced channels of 

Sampan and Tommycut Creeks, which flow into Chambers Bay in the Van Diemen 

Gulf. The lack of a large single outflow makes the Mary system unique in the Top 

End (Applegate 1996), and this geomorphologic anomaly forms the basis of some of 

the distinctive vegetation and in turn, fauna characteristics (Armstrong et al. 2002). 
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Figure 1.1. General location of the Mary River catchment (top) and an enlarged view 

of the lower catchment (bottom). All study sites were located within the lower 

catchment (in either floodplain or savanna habitats). 
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Geologically, the Mary River catchment encompasses a mix of ancient landscapes, 

namely the Arnhem Land plateau, and the more recently formed coastal plains. The 

plains developed following the stabilisation of post ice-age sea levels approximately 

6000 to 7000 years ago, with freshwater wetlands replacing the mangrove forests 

about 2000 years ago (Armstrong et al. 2002). 

The catchment is located within two nationally recognised bioregions (Thackway 

and Cresswell 1995). The lower catchment, in the Top End Coastal bioregion, 

incorporates the sedgelands, grasslands and Melaleuca forests of the generally flat 

northern floodplain. The upper (southern) catchment, in the Pine Creek-Arnhem 

bioregion, is comprised of eucalypt woodlands and open forests on rolling hills, with 

more rugged escarpment country in the far southeast. These habitats dominate the 

catchment although several broad habitat types, including monsoon rainforest, 

sandstone plateau, and others, have been recognised (see Figure 7, in Armstrong et 

al. 2002 for a habitat map). All of my study sites were located on the floodplain or in 

savannas within the lower catchment, and the vegetation and other characteristics of 

these habitats are discussed in detail in Chapters 3 and 4, respectively. The remaining 

habitats are not described here and readers are referred to Armstrong et al. (2002) for 

more detailed information and maps showing lithology, altitudinal variation, and 

land tenure etc. 

1.3.2. Historical and current land use 

Non-Aboriginal land use of the Mary River catchment began around the 1860s. 

Following the release of buffalo from abandoned  early settlements, and their 

subsequent spread into the wetlands of the major coastal rivers of the Top End, 

shooting of buffalo for hides in the late 1880s was the first commercial land use in 

the Mary River catchment. An early tourism venture (Wildman River Safaris) was 

also operational in the late 1940s (Flores 1999). Shooting ceased in 1954 with the 

collapse of the buffalo hide market. Pastoralism (buffalo and cattle) was the 

dominant land use from 1960 to the mid 1980s, but tourism and conservation interest 

in the area also began to increase during this time (Anonymous 1998). 
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Today there is a range of land tenure reflecting the multiple uses that the area 

supports. The majority of catchment is used for pastoralism (62%) and conservation 

(31%), with remaining areas used for military training (6%), Aboriginal freehold, 

mining, horticultural, residential (including a juvenile detention centre) and tourism 

(each <1%). Much of the land now zoned as conservation reserves and the military 

training area was formerly used for pastoralism. 

There are no towns in the catchment and the total resident population is probably less 

than 200 people (Armstrong et al. 2002). 

1.3.3. Economic, tourism and recreational values 

The Mary River catchment has significant regional economic value, with mining 

(gold mining and quarrying) currently contributing the greatest earnings (~ $31.9M 

per annum) (Anonymous 1998). The combined pastoral and agricultural sectors were 

valued at approximately $5.2M per annum in 1997 (Anonymous 1998), however, a 

more recent estimate of the current gross value of the pastoral industry within the 

catchment is $17.5M per annum (based on 35000 beasts sold per year at $500 per 

head) (McInnes 2003). Other sectors that contribute to the catchment‟s economic 

value are recreational fishing and commercial mud crab harvest (~$5M per annum), 

tourism (~$6M per annum) (NRETA 2007), and the commercial use of wildlife 

(including harvest of timber in the upper catchment, and collection of crocodile eggs 

from the floodplains – no $ value available). 

Tourism has occurred in the Mary River catchment over the past 60 years and 

visitation has been steadily increasing. The area is very popular with local and 

interstate fishermen and the Mary River is reportedly the most popular location for 

amateur fishing of barramundi in the NT (Whitehead et al. 1990). Hunting (mostly 

for magpie geese, but also feral pigs and buffalo) is another popular attraction of the 

lower catchment. There are several privately-operated tourism ventures within the 

catchment that provide accommodation and other activities such as wildlife viewing 

(i.e. river/wetland cruises and 4WD tours) and guided fishing/hunting trips. In 

addition, camping and picnic facilities are present in various locations within the 
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conservation zones, and parts of the region are often included in the itinerary of 

wilderness tours to Kakadu National Park. 

1.3.4. Conservation and cultural values 

Conservation values 

The conservation value of the Mary River catchment derives mainly from the 

extraordinary productivity of the floodplain system, rather than because of the 

presence of various threatened or endemic species, or very high species diversity 

(Whitehead et al. 1990; Armstrong et al. 2002). The dynamic interactions between 

rainfall, floodplain topography and vegetation produce a complex mosaic of wetland 

habitats that provide year-round resources for a rich vertebrate fauna which includes 

very large populations of some species (Whitehead 1999a). It is because of these 

characteristics that the entire Mary River floodplain system is included in the 

Directory of Important Wetlands in Australia (Whitehead and Chatto 1996). In 

addition, three sites have been nominated as „natural indicative places‟ in the 

Registrar of the National Estate, and all of the shoreline of the catchment has been 

deemed to qualify for inclusion in the East-Asian-Australasian Shorebird Reserve 

Network (Armstrong et al. 2002). 

Conservation values of the catchment are discussed in detail in the conservation plan 

(Armstrong et al. 2002), and a summary of the major attributes is given below. 

Firstly, the Mary River catchment is home to localised, endemic, and/or threatened 

plant and animal species. Six plant species are listed as of conservation interest (i.e. 

listed as vulnerable or data deficient in the NT) and the importance of significant 

plant communities, including monsoon rainforest patches, granite hill plant 

communities, sandstone escarpment heathlands and floodplain associations, is also 

noted in the conservation plan. In addition, extensive paperbark forests occurring on 

the floodplain represent the second largest wooded swamps in northern Australia. 

The conservation plan lists eight threatened vertebrate species occurring in the 

catchment (4 bird, 2 mammal, and 2 reptile species) (Armstrong et al. 2002). 

According to the most recent threatened species list (Woinarski et al. 2007), two of 

the eight species are now regarded as endangered (yellow chat and gouldian finch), 
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three species are listed as vulnerable (Diplodactylus occultus, red goshawk and 

partridge pigeon), and the other three species (Narbarlek, ghost bat and Ctenotus 

stuarti) are no longer listed as threatened in the NT. The importance of the Mary 

River catchment for crocodiles has also been recognised, as the region supports 

significant populations of estuarine and freshwater crocodiles. Populations of both 

crocodile species in the catchment have been the subject of monitoring programs and 

are regarded as being highly valuable for scientific reference (Armstrong et al. 

2002). Furthermore, the tidal areas of the Mary River support the highest densities of 

saltwater crocodiles in the NT. 

The importance of the Mary River catchment for avifauna is perhaps the strongest 

evidence of the region‟s high conservation value. The floodplains and coastal 

habitats are recognised as areas that support significant aggregations of shorebirds, 

particularly migratory waders, as well as providing highly significant feeding and 

breeding areas for magpie geese (Armstrong et al. 2002). The region is somewhat 

atypical in that it supports large populations of magpie geese in both breeding and 

non-breeding periods (i.e. throughout the year) (Whitehead 1999a). Dry season 

populations of magpie geese have been estimated as being up to 500 000 individuals, 

and in the wet season, up to 55 000 nests have been recorded (Whitehead 1987; 

Whitehead and Tschirner 1990b), making the Mary River catchment one of the most 

important breeding areas for the species in northern Australia (Armstrong et al. 

2002). 

The freshwater wetlands are also an important dry season refuge for at least 31 

species of waterbirds, particularly ducks, herons and allied species (Whitehead and 

Chatto 1996). Some species have been recorded in very high numbers (e.g. 188 000 

whistling ducks) (Armstrong et al. 2002). Although there are few waterbird breeding 

colonies (i.e. other than magpie geese) located within the catchment, several large 

and nationally significant egret, cormorant, heron, ibis and spoonbill breeding sites 

occur in adjacent catchments. Hence the Mary River floodplains are instead regarded 

as highly significant feeding areas for birds from these colonies between November 

and July (Chatto 2000). 
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Up to 23 species of migratory waders have been recorded in the intertidal mudflats 

and coastal plains of the lower Mary River catchment. Counts of 20 000 migratory, 

nomadic and locally resident shorebirds have been made in these habitats, including 

high numbers of species which migrate between the northern hemisphere and 

southern Australia (e.g. sharp-tailed sandpiper, eastern curlew, common greenshank) 

(Chatto 2000). It is because of the high numbers of shorebirds present, and 

occurrence of more than 1% of the estimated entire world populations for some 

species, that the coastal areas of the catchment meet the criteria for inclusion in the 

East-Asian-Australasian Shorebird Reserve Network (Chatto 2000). 

The ecological attributes of the Mary River catchment have long been recognised 

and an important step in the conservation of these values was the declaration of Mary 

River Conservation Reserve (which incorporates a large area of coastal and 

floodplain habitats) in 1979, followed soon after by the declaration of Wildman 

River Reserve and the Swim Creek and Shady Camp conservation areas (in 1984 and 

1986, respectively). In 1987, the Goodparla pastoral lease (which includes parts of 

the upper catchment) was added (as Stage 3) to Kakadu National Park. More 

recently, a consolidated Mary River National Park has been proposed to include 

fourteen parcels of land (including the aforementioned reserves) held by the 

Conservation Land Corporation and Parks and Wildlife Commission (Armstrong et 

al. 2002). 

Cultural values 

Part of the Mary River catchment is included in Kakadu National Park, and hence the 

area has been recognised as being of international cultural significance through the 

park‟s inclusion on the World Heritage List. The basis for the cultural element of this 

listing was the strong heritage of Aboriginal people, who are thought to have 

occupied the region for the past 40 000 to 60 000 years (Press and Lawrence 1995). 

In addition to Kakadu National Park, there are reportedly a number of registered 

Aboriginal sites on the Mary River floodplain (Whitehead and Chatto 1996). 
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1.3.5. Threatening processes and current land management 

As provided earlier (section 1.1.1), twelve key management issues were identified in 

the ICMP, and a number of these were also acknowledged as being potential threats 

to the conservation of the catchment‟s biodiversity. These were saltwater intrusion, 

weeds, fire, land clearing, water quality, feral animals (e.g. buffalo, pigs, horses), 

grazing, pastures and erosion (Anonymous 1998). Many of these processes are 

interrelated and also closely linked to past and present land use in the catchment 

(namely pastoralism). Historically, the relative importance of each of these threats 

has shifted, with feral animal (buffalo) control once being a very high priority. 

However, more recently saltwater intrusion and weed invasion (namely Mimosa 

pigra), have generally been regarded as the most pressing issues and accordingly 

much effort and funding has been directed to tackling these two problems. Detailed 

information about threatening processes, including results of research investigating 

ecological impacts in the Mary River catchment or similar habitats nearby (e.g. 

Kakadu National Park) has been reported elsewhere (in particular, see Armstrong et 

al. 2002 and references therein), and hence are not discussed at length here. An 

overview of the pressures historically and currently regarded as the most significant 

(feral animals, saltwater intrusion, weeds and fire) is provided below. The current 

land management practices employed in relation to each issue are also outlined. 

Feral animals 

Several species of feral animal are found in the Mary River catchment. These include 

buffalo, pigs, horses, donkeys, cats, the black rat, Asian house gecko, and very 

recently (~ 2004), the cane toad. Over the last century, buffalo have been the most 

abundant and destructive feral animal pest, with population densities once as high as 

34 animals per km
2
 on the lower floodplains (Whitehead et al. 1990). Buffalo 

activity (grazing, trampling, wallowing and movement) has caused tree death in 

paperbark forests and rainforests, damage to floodplain vegetation communities, 

altered flow characteristics, increased sedimentation and erosion, reduced water 

quality and dispersal of weeds (Armstrong et al. 2002). Saltwater intrusion is thought 

to have been caused by the combined impact of some of these effects (see below for 

more detail). The effect of buffalo on native animals has been mixed, but overall 
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there is a consensus that buffalo are a threat to biodiversity because their activities 

reduce the suitability of the environment for many species of native plants and 

animals (Friend and Taylor 1984). In the 1980s, the Brucellosis and Tuberculosis 

Eradication and Control (BTEC) program was instigated and buffalo numbers were 

greatly reduced. At present, small numbers of buffalo occur in the catchment as 

livestock and feral herds (Armstrong et al. 2002). 

The other feral animal species found in high numbers in the Mary River catchment is 

the pig. There are no detailed data on the distribution and abundance of pigs in the 

lower catchment, but their environmental impact (from feeding, rooting and 

trampling) is conspicuous and widespread (pers. obs.). The ICMP recommended a 

feral pig control strategy be developed as well as research into the effects of feral 

pigs on pastoral production and the environment, however these recommendations 

have not been implemented. Feral pigs are culled opportunistically and through 

regular control programs on conservation reserves within the catchment, and some 

removal also occurs on pastoral properties by way of recreational shooting (as many 

as 1000 pigs per year on individual properties) (Anonymous 1998). In the past, feral 

horses and donkeys have also been shot on conservation reserves (C. Howard pers. 

comm.). No coordinated control efforts have been directed towards any other feral 

animal species in the catchment. 

Saltwater intrusion 

Since about the 1940s, tidal saltwater has increasingly penetrated freshwater habitats 

across the Mary River floodplains causing substantial damage (>240 km
2
) to native 

vegetation (Anonymous 1998). Salt-sensitive plant species (in particular, large areas 

of Melaleuca swamp) have been eliminated by saltwater intrusion, leaving saline 

mudflats which are in turn gradually colonised by salt-tolerant estuarine species such 

as mangroves. Floodplain animal species (aquatic and terrestrial) dependent on 

freshwater habitats are also eliminated or displaced as a result of saltwater intrusion 

(Armstrong et al. 2002). Furthermore, saltwater damaged floodplains have resulted 

in an estimated cost to the pastoral industry of approximately $4.9M per annum 

(NRETA 2007). 
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Saltwater intrusion is presumed to have been caused by sustained and intense grazing 

pressure (primarily by feral buffalo), operating through the proliferation of swim 

channels, breach of natural barriers (e.g. chenier ridges), and changed waterflow 

following the removal of dense vegetation (Armstrong et al. 2002). Local 

landholders attempted (unsuccessfully) to mitigate the impacts of saltwater intrusion 

with simple control measures, and in 1987 the Northern Territory government 

commenced a major barrage construction program (Anonymous 1998). By 2002, 

more than 60 barrages had been constructed, including a large, concreted spillway 

with a „fish ladder‟, at Shady Camp, which separates the upper and lower floodplain 

(Bach and Hosking 2002). Mitigation works are continuing and, to date, have 

resulted in the restoration of approximately 2000 hectares of freshwater grassland 

and Melaleuca swamp (NRETA 2007). 

Weeds 

Many species of plant have been introduced into the Mary River catchment for 

pastoral, horticultural, and ornamental uses, as well as accidentally. However, not all 

introduced plants have become problematic and only about 21 species found in the 

catchment have been declared as weeds under the Weeds Management Act 2001 

(Armstrong et al. 2002). A further 27 species (excluding pasture plants) which have 

not been declared weeds but are recognised as invasive introduced species, are also 

known to be present in the catchment (Smith 1995; Armstrong et al. 2002). 

The invasive shrub, Mimosa pigra, is recognised as a weed of national significance 

(Thorp and Lynch 2000), and is currently the most threatening weed that occurs in 

the catchment. Over the past two decades, large monocultures of M. pigra have 

formed across 100 km
2
 of floodplains (Anonymous 1998), substantially altering the 

structure and floristics of these habitats by converting sedgelands and grasslands to a 

dense woody thicket (Braithwaite et al. 1989). M. pigra has the potential to colonise 

all of the lower Mary River floodplains (Anonymous 1998). 

The impact of M. pigra on plant and animal biodiversity in areas close to the Mary 

River was assessed by Braithwaite et al. (1989). Plant diversity was substantially 

reduced whereas the effects on fauna were varied. Some bird species appeared to 

benefit from the conversion of wetlands to M. pigra shrublands (e.g. perching birds 
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such as willie wagtail and rufous-banded honeyeaters). Similarly, two floodplain 

rodents and a small dasyurid mammal were relatively abundant in M. pigra thickets, 

but because these species require access to food resources in surrounding native 

floodplain vegetation, it is likely that only the edges of M. pigra patches are used 

(Braithwaite et al. 1989). Reptile diversity and abundance was reduced in M. pigra 

thickets and frog communities showed no distinct pattern of response (Braithwaite et 

al. 1989). The study concluded that waterbirds were likely to be particularly 

disadvantaged by the spread of M. pigra because of the loss of suitable nesting and 

foraging habitat (Braithwaite et al. 1989). 

While not as widespread as M. pigra, several other weed species are of concern in 

the Mary River catchment, and may become dominant or form a significant 

component of the vegetation in various habitats. These include candle bush (Senna 

alata), spiny head sida (Sida acuta), hyptis (Hyptis suaveolens), mission grass 

(Pennisetum polystachion) and calopo (Calopognium mucunoides) (Armstrong et al. 

2002). The ecological impact of most of these invasive species is largely unknown. 

However, mission grass is a late-curing species and is recognised as having the 

potential to alter fire regimes (i.e. hotter fires) (Douglas et al. 2004), and calopo may 

facilitate the invasion of other exotic species through fixing nitrogen in the soil 

(Armstrong et al. 2002). 

Weed control efforts in the catchment have largely been directed at M. pigra and the 

largest infestation of approximately 70 km
2
 on Melaleuca Station has been 

specifically targeted (Anonymous 1998). Control of M. pigra has involved chemical 

spraying, chaining, burning, revegetation and biological control (insects and plant 

pathogens). Revegetation has involved the use of introduced pasture species, as there 

is some evidence that these species establish more rapidly and prevent re-invasion by 

M. pigra more successfully than native plant species (Anonymous 1998). However, 

conservation concerns have been raised regarding this practice because floodplain 

wildlife are unlikely to benefit by the replacement of “…one introduced monoculture 

with another…” (p. 119 Armstrong et al. 2002). 

The main recommendation made by the ICMP was the development and 

implementation of weed management plans at both the catchment and individual 
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property scale (Anonymous 1998). Nevertheless, with the exception of a draft plan 

for M. pigra (DPIF 2000 cited in Armstrong et al. 2002), little progress appears to 

have been made regarding broader weed management planning in the catchment 

during the time period between the release of the ICMP and the Nature Conservation 

Plan (i.e. 1998 – 2002), and comprehensive weed mapping throughout the catchment 

has also not been undertaken (Armstrong et al. 2002). 

Fire 

Fire occurs naturally across most environments in northern Australia and the native 

flora and fauna have been influenced by fire over the course of evolution. Fire 

regimes have changed over evolutionary, prehistoric and contemporary times, with 

significant changes occurring in the last century. Williams and Cook (2001) provide 

a detailed description of the past and present fire regimes of north Australian 

savannas. 

In summary, fires became more frequent as the climate began to dry out over 20 

million years ago and were probably ignited by lightning during storms at the very 

end of the dry season. The timing of fires shifted to early in the dry season with the 

arrival of Aboriginal people, who traditionally used fire for a variety of reasons. 

Since European settlement, fires have become more frequent and extensive, and tend 

to occur later in the dry season. In recent years, the dominant fire management goal 

has been to reduce the incidence of high-intensity, extensive wildfires late in the dry 

season by conducting low-intensity prescribed burns earlier in the year (Andersen et 

al. 2005). 

In the Mary River catchment, most areas are burnt at least four out of every seven 

years, with lower fire frequencies occurring mainly on the floodplains and sandstone 

plateaus (Armstrong et al. 2002). Fire is used as a management tool by all land 

managers in the region for a range of reasons including fuel reduction and wildfire 

prevention; removal of rank, unpalatable grass and promotion of new grass for 

livestock; and habitat management for diversity (Anonymous 1998). Little research 

into the ecological impacts of fire has occurred in the Mary River catchment itself, 

however large-scale, experimental studies in nearby Kakadu National Park have 
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provided much relevant information. Comprehensive results of this research are 

given in Andersen et al. (2003) and Russell-Smith et al. (2003). 

Fire influences most aspects of the biophysical environment including atmospheric 

chemistry, soil nutrients, erosion, and water quality, with various flow-on impacts on 

plants and animals. The shift in fire regimes towards annual burning is thought to 

have caused an increase in greenhouse gas emissions and pollutants (Cook 2000) and 

a net loss of plant nutrients, particularly nitrogen (Cook 1994). Despite these 

changes, most native plant and animal species appear to be reasonably resilient to 

fire (Andersen et al. 2005). In Eucalyptus open forests and woodlands, annual high-

intensity fire had adverse effects on tree mortality and recruitment of certain species, 

and may decrease the availability of flower and fruit resources for fauna (Williams et 

al. 1999a; Williams et al. 1999b). However, the overall impact of fire on plant 

diversity was minimal (Andersen et al. 2005). Similarly, the abundance of most 

invertebrate groups, and species richness and abundance of most vertebrate 

functional groups was unaffected by fire (Andersen et al. 2005). Notable exceptions 

to this general resilience were riparian vegetation and associated stream biota 

(Douglas et al. 2003), cypress pines (Callitris intratropica) (Bowman and Panton 

1993), monsoon rainforests (Russell-Smith et al. 1992), sandstone heath 

communities (Russell-Smith et al. 1998), the floodplain grass Hymenachne 

acutigluma (Whitehead and McGuffog 1997) and small mammals (Corbett et al. 

2003). Frequent high-intensity fires have been shown to adversely affect the species 

diversity and/or abundance in most of these communities (Andersen et al. 2005), 

with the exception of stream biota, which were found to have increased diversity and 

biomass in late-burnt areas compared with early-burnt or unburnt areas (in the 

following wet season) (Douglas et al. 2003). 

A general consensus arising from fire impact studies in northern Australia is that 

despite the general resilience of many species of native flora and fauna, responses to 

fire have been varied and therefore a diversity of fire regimes (i.e. in space and time) 

is necessary for the maintenance of biodiversity at the landscape scale (Andersen et 

al. 2005). An additional complication for fire management planning is that no single 

fire regime is suited to all land management purposes. Therefore the challenge in a 

multiple-use region such as the Mary River catchment, is to devise strategies that 
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protect life and property, maintain the production potential of the land and conserve 

biodiversity. The ICMP recommended the following actions to improve fire 

management in the catchment – formulation of a volunteer bushfire brigade, 

improved radio network, development of a strategic fire management plan and fire 

impact research (especially with regard to floodplain fires) (Anonymous 1998). The 

main recommendation made in the conservation plan was to reduce the frequency 

and extent of fires and change fire regimes to increase „patchiness‟ (i.e. to create 

smaller patches of burnt and unburnt areas) (Armstrong et al. 2002). More 

specifically, the conservation plan recommended the prevention of fire entering 

rainforests and their margins; reducing the frequency of fire in sandstone heathlands; 

reducing overall fire frequency to an average of three to four per decade while 

ensuring that some patches of woodland remain unburnt for at least five years; and 

controlled burning on parts of the floodplain (Armstrong et al. 2002). 

Other threatening processes 

The main additional threatening processes occurring in the Mary River catchment are 

land clearing, erosion and grazing (and all are related to pastoral activities to some 

extent). The relative importance or level of concern about these issues is reflected by 

expenditure recommended in the ICMP (e.g. 1996-1999: $818 000 combined 

expenditure versus $3.3 million for saltwater intrusion and $2.2 million for weeds) 

(Anonymous 1998). 

The extent of clearing in the catchment is less than 1%, and this has mainly occurred 

in upland areas for agricultural development and pastoralism (e.g. holding yards and 

paddocks with introduced pastures), with smaller patches cleared for roads, 

infrastructure, and mining developments (Anonymous 1998). Floodplains have not 

been cleared except as part of Mimosa pigra control work. The NT government‟s 

policy on land clearing is under review and property-based clearing guidelines have 

been prepared by the Department of Lands, Planning and Environment (DLPE 2000). 

In addition, voluntary clearing guidelines have been developed by the Lower Mary 

River Landcare Group and are being followed on some pastoral properties 

(Anonymous 1998). Current impacts on biodiversity from clearing in the catchment 

are probably minimal, given the small extent of land affected. However, if plans for 

more intense horticultural and livestock production (Connell Wagner 1998) are 
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realised, much larger areas of land will be cleared and adverse ecological effects may 

result unless conservation considerations are taken into account (e.g. adherence to 

clearing criteria such as those developed by Price et al. (2000)). 

Pastoralism is the main land use in the catchment and therefore grazing occurs across 

a large proportion of the area and is more concentrated in the lower catchment. 

Heavy stocking rates during the period when buffalo numbers were very high caused 

severe degradation to floodplain areas, and consequently pastoralists changed their 

grazing management practices to better protect vegetation and long-term economic 

viability (Anonymous 1998). For example, floodplains are spelled during the wet 

season and stocking rates are now much lower. Cattle numbers were recently 

estimated as being approximately 40 000 head on the floodplain during the dry 

season, stocked at one beast per hectare, and one beast per km
2
 in the upper parts of 

the catchment (McInnes 2003). Most grazing occurs on pastoral properties however 

two landholders have entered into „grazing management‟ agreements with the 

PWCNT. Under these agreements, some conservation reserve land is allowed to be 

grazed during the dry season while areas on the pastoral properties identified as 

important for wildlife are conservatively managed (Anonymous 1998). 

Poor grazing management has been shown to cause a range of environmental impacts 

and adverse effects on biodiversity elsewhere in northern Australia (Armstrong et al. 

2002), but little research has been done to investigate the effects of grazing in the 

Mary River catchment. Results of an informal study from sites in a floodplain 

conservation reserve in the catchment have shown that in grazed areas, the rate of 

spread and dominance of para grass was greater, the cover of a native grass (Leersia 

hexandra) was reduced, and bird numbers were reduced, in comparison to ungrazed 

sites (D. Liddle, unpublished data). The conservation plan states that grazing at 

current levels appears to have only relatively subtle impacts on the natural values that 

give the wetlands their national conservation significance (Armstrong et al. 2002). 

Nevertheless, the plan also recommends retaining substantial representative areas as 

ungrazed (by domestic or feral stock) and having restrictions on the use of exotic 

pasture species, and systematic pastoral monitoring (Armstrong et al. 2002). 
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Erosion in the Mary River catchment is currently relatively limited and localised, and 

hence is not regarded as a serious issue. Erosion relates to land management 

practices including overgrazing, inappropriate clearing and repeated hot fires, and its 

main impact is on water quality (Armstrong et al. 2002). Water quality was also an 

issue identified in the ICMP, and, while it is interconnected with erosion and many 

other aspects of land management, it is not regarded as a threatening process per se. 

Lastly, the use of improved or exotic pastures by the pastoral industry is an emerging 

conservation issue for the Mary River catchment. When the ICMP was prepared, the 

general consensus regarding exotic pastures appeared to be „how and where‟ they 

should be used in order to improve productivity on pastoral land, rather than „if‟ their 

use was appropriate (Anonymous 1998). This attitude is reflected in the 

recommendations of the ICMP, which include the development of guidelines for use 

etc., with no mention of the need to assess ecological impact. Nevertheless, 

stakeholders outside the pastoral sector (e.g. Whitehead et al. 1990) raised concerns 

that exotic pastures may pose a serious threat to the ecological integrity of the 

catchment, and indeed more widely across northern Australia, and have advocated 

that urgent research be done to assess their environmental effects. 

1.4. Exotic pasture species 

Exotic plants have been introduced into northern Australia to increase pastoral 

productivity since the 1880s (Lonsdale 1994; Cook and Dias 2006). Legumes and 

grasses were the main species introduced, and these were sown into native pastures. 

During the mid 1960s to mid 1970s extensive areas were sown (around 150 000 ha), 

mostly with Townsville stylo (Stylosanthes humilis), and by 1985 it was estimated 

that 466 species had been introduced into the region (Winter et al. 1985). The total 

area of the NT pastoral estate sown with exotic pastures was estimated as being 

about 100 000 ha in 1991, with an additional 8 million ha regarded as “potentially 

suitable” (McKeon et al. 1991). Interestingly, a review by Lonsdale (1994) of the 

utility versus detriment of 463 species of exotic pasture introduced into northern 

Australia found that 13% of species became weeds, whereas only 5% were listed as 

potentially useful. Most of the species regarded as useful were also listed as weeds 

(17 out of 21), and overall there were only four species (<1%) that were useful 
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without also being weedy (Lonsdale 1994). These findings are not surprising given 

that the ecological characteristics considered desirable by pastoralists in an exotic 

plant, namely high seed production, ability to spread beyond sowing and out-

compete native plants, and resilience to grazing, pests, and other disturbance 

(Cameron 1980; Gardener and McIvor 1986), are also the traits that may render a 

species an environmental weed (Humphries et al. 1991; Grace et al. 2004). 

Nevertheless, for decades the use of „improved‟ pasture species has been actively 

promoted by the Northern Territory government (Department of Primary Industry 

and Fisheries – DPIF, now part of the Department of Regional Development, 

Primary Industry, Fisheries and Resources) to increase live weight gain and the 

carrying capacity for livestock through enhanced nutrition. Improved pastures, which 

are usually exotic species, are reported as having the following direct benefits in 

comparison to native vegetation: high palatability, a carrying capacity 10 to 40 times 

greater; growth rates twice as great; weaner weights up to 50% greater (at 5-6 

months); and higher pregnancy and lower death rates (Wesley-Smith 1972; Anning 

and Hyde 1987; Cameron 2008; Grace et al. 2004). Several disadvantages of exotic 

pastures were also noted (e.g. initial high costs for land preparation and pasture 

establishment; maintenance costs for fertiliser and weed control etc), and these 

included an acknowledgement that ecological and erosion problems may occur and 

that pasture plants have the potential to become weeds in certain circumstances 

(Cameron 2008). 

In the Mary River catchment, the most extensive use of exotic pastures occurs on the 

floodplains and adjacent upland areas of the lower catchment. Exotic pasture species 

present on Mary River floodplains include Aleman grass (Echinochloa polystachya), 

Olive hymenachne (Hymenachne amplexicaulis), Tully grass (Urochloa humidicola) 

and para grass, which is the most widespread species (Anonymous 1998). Elsewhere 

in the catchment the sowing of exotic pastures has not been as extensive but gamba 

grass paddocks have been established in several locations, and calopo 

(Calopognonium mucunoides) and mission grass (Pennisetum polystachion) are also 

prevalent in localised areas (Armstrong et al. 2002). In addition to their use for 

increasing pastoral productivity, the ICMP also reported that para grass, gamba grass 

and other species including Tully grass, Verano and Seca stylo (Stylosanthes hamata 
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and S. scabra), pangola grass (Digitaria eriantha), Jarra (or Arnhem) grass 

(Digitaria milanjiana), Wynn cassia (Chamaechrista rotundiflolia) and Glenn and 

Lee joint vetch (Aeschynomene americana), have been planted in some areas because 

they are “…a powerful management tool in the rehabilitation of pasture lands 

infested with weeds such as Mimosa pigra, Hyptis suaveolens, Senna obtusifolia, 

Senna alata and Senna occidentalis...” (p. 41 Anonymous 1998). 

The spread of exotic pastures beyond pastoral property boundaries and into areas of 

conservation significance (including reserves) was also acknowledged by the ICMP 

as a problematic management issue. Recommendations were made to use buffer 

strips of native vegetation to limit the spread of exotic pasture (i.e. beyond property 

boundaries) and to assess the “…feasibility of establishing further agreements or 

incentive schemes between landholders and the PWCNT for the purpose of ensuring 

important nature conservation sites within a property are not diminished through 

improved pasture development...” (p. 42 Anonymous 1998). 

Para grass and gamba grass are the two exotic pasture species that occur most 

extensively in the Mary River catchment, hence I chose these species to be the focus 

of my research. 

1.4.1. Para grass 

Para grass is a perennial stoloniferous grass native to Brazil or North Africa (Cowie 

et al. 2000). It has stout culms that root at the nodes and can grow up to 10m long 

and 3m tall. Para grass will grow on a range of soil types including solodic and 

cracking clays, and is well adapted to seasonally flooded environments where the 

water depth is shallow (<1m) (Cameron and Lemcke 2008). It can also tolerate short 

periods of inundation at greater depths (up to 2m; Ferdinands et al. 2005) as well as 

long dry spells. Para grass was introduced to Australia (Queensland) in 1880, was 

first established in the Northern Territory between 1905 and 1910, and deliberately 

planted in areas of the Mary River floodplains under pastoral lease in the 1940s 

(Cameron and Lemcke 2008). It is highly palatable and has a higher carrying 

capacity than native pastures (0.50-0.66 versus 0.02–0.07 beasts per ha) (Cameron 

and Lemke 1996 & 2008). Para grass is highly valued as an improved pasture species 

for cattle and hence has been actively promoted (e.g. Cameron and Lemcke 1996). 
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Furthermore, para grass has been used to suppress the regrowth of weeds (mainly 

Mimosa pigra) following chemical treatment (Miller and Lonsdale 1992; Grace et al. 

2004), and to stabilise earthworks (e.g. small dams constructed to provide water for 

cattle and fire fighting). 

Establishment of most para grass pastures has been from cuttings because the main 

ecotype present in the NT does not produce viable seed. However, para grass is 

known to spread by stem sections being broken off and transported by running water 

or livestock, and then dropped and taking root in mud (Cameron and Lemcke 1996). 

Despite being capable of this „passive‟ mode of vegetative spread, the NT 

government (DPIF/DBIRD) maintains that para grass has been present on the 

floodplains for a considerable time without taking over and that most of the spread 

has been by deliberate human intervention for pastoral purposes on pastoral 

properties. (Cameron and Lemcke 1996). Para grass was recently estimated to cover 

approximately 2500 ha in the Mary River floodplains (Ferdinands et al. 2005) and at 

least 40 000 ha in total, across tropical NT (Low 1997). 

While para grass is not a declared weed in the NT, it has been listed as one of 

eighteen environmental weeds with the “potential to cause serious impact on a 

nationally significant scale” (Humphries et al. 1991). Internationally, para grass is 

considered one of the world‟s worst environmental weeds and is reported as an 

agricultural pest of 23 crops in 34 countries (Holm et al. 1977). Many non-pastoral 

stakeholders now consider para grass to be a threat to the ecological integrity of the 

floodplains of northern Australia because of its potential to transform large areas of 

naturally heterogeneous vegetation into a monoculture, and hence reduce 

biodiversity (Clarkson 1995; Wilson et al. 1991). The first quantitative studies on the 

effects of para grass on wetland environments were undertaken in Queensland by 

Bunn et al. (1997) and (1998), and subsequent research has recently been completed 

in Kakadu National Park (see Douglas et al. 2001; Douglas and O‟Connor 2003 & 

2004). These research projects assessed the impact of para grass on channel 

morphology, native vegetation, aquatic and terrestrial invertebrates, fish, aquatic 

food webs, community metabolism and fuel loads (findings are detailed in Chapter 

2), but to date, no studies have investigated the effects on terrestrial vertebrate fauna. 
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1.4.2. Gamba grass 

Gamba grass is a perennial tussock grass that originates from West African savanna 

grasslands. It can grow to 4m tall with dense tussocks up to 70cm in diameter. 

Gamba grass is adapted to areas with a 3-6 month dry season and annual rainfall of 

over 600m, and will grow on most soils in northern Australia except those regularly 

inundated (i.e. floodplain clays) (Cameron and Lemcke 2006). Gamba grass has been 

introduced across northern Australia, from the Kimberly region in Western Australia 

to Cape York (Barrow 1995) and was planted in the NT in 1946, on a government 

research farm in Katherine. Additional gamba grass trials were carried out between 

1961 and 1980 with the pasture sown in several other locations, including Daly 

River, Darwin River, Mount Bundey Station, Tipperary Station and Wildman River 

Station (in the Mary River catchment (Cameron 2000)). Gamba grass was released as 

a pasture cultivar through the NT Herbage Plant Liason Committee in 1978 and was 

registered on the Register of Australian Herbage Plant Cultivars in 1986. Between 

1983 and 1988 gamba grass was sown on many properties primarily as a grazed 

pasture (but also for seed and hay production) (Cameron 2000) and, like para grass, 

has been actively promoted by the NT government (DPIF/DBIRD). 

Provided it is well managed (i.e. kept to <1m), gamba grass is highly palatable to 

cattle, can carry up to 40 times more cattle and produce good weight gains in 

comparison to native pastures (Cameron 2000; Cameron and Lemcke 2006). By the 

late 1990s, gamba grass was regarded as a fire hazard by small landholders around 

Darwin and the NT Fire and Rescue Service because of the large biomass of gamba 

grass and more intense fires observed in these areas (Grace et al. 2004). In addition, 

very little information was available on how to control gamba grass and anecdotal 

evidence suggested it was not easily killed with herbicide. 

In response to management concerns, the first „non-agricultural‟ research on gamba 

grass was done by Barrow (1995). This project sought to survey and map the current 

distribution of gamba grass in the NT, and investigate habitat and environmental 

correlates, rate of spread, seed bank dynamics, fuel load and methods of control 

(Barrow 1995). Results from this study were also used to devise a management plan 

for gamba grass in Kakadu National Park (Barrow 1995). Notable findings of this 
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work were that gamba grass had rates of spread between 1 and 333m per year, a 

positive relationship between ground disturbance and seedling establishment and 

significantly higher fuel loads than other (native) grass species (Barrow 1995). 

Following on from this research, Flores (1999) investigated gamba grass seed bank 

dynamics and found that mature plants could produce as many as 90 000 seeds per 

plant, seed viability declined over time and was less than 1% after 12 months, and 

that seedling establishment increased significantly with soil scarification. At the 

commencement of my study, no research had been done to investigate the effects of 

gamba grass on any animal group, however an honours project which assessed 

impacts on ant communities has since been completed by Ryan (2005). 

Ecological research on gamba grass by Rossiter et al. (2003) has demonstrated that 

fine-fuel loads were substantially greater and fires were on average eight times more 

intense in savannas with high gamba grass cover in comparison to those with a native 

grassy understorey. They also concluded that gamba grass invasion creates the 

conditions required to initiate a grass-fire cycle (i.e. of which the end result is the 

conversion of woodland to grassland) (Rossiter et al. 2003; see Chapter 2, Section 

2.3.1 for more detailed information), and some evidence of this occurring has 

recently been reported by Ferdinands et al. (2006). 

It has been estimated that there are 7000 ha of gamba grass in the Top End (Cameron 

2000), with the most extensive areas of gamba grass in the Mary River catchment 

being on Opium Creek station (cleared paddocks), the northern third of Wildman 

Reserve (within savanna woodland and forests), and near Mary River Park (cleared 

paddocks). The potential distribution of gamba grass has been suggested as being all 

savanna areas, wetland and rainforest margins north of Daly Waters (15
o
) – an area 

of 38 million ha (Douglas and Setterfield 2005). Given the vast area of northern 

Australia that could potentially be affected by gamba grass invasion and the 

complete lack of information on how wildlife communities and biodiversity may be 

affected, the need for urgent research targeting this issue was very clear. 

1.5. Thesis overview 

This chapter has served as a general introduction to the research presented in the 

remainder of the thesis. As a central issue in this project is the environmental impact 
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of invasive exotic plants, a literature review of existing research on the topic is 

presented in the next chapter (Chapter 2). The results of field studies investigating 

the impacts of para grass and gamba grass on vegetation and habitat characteristics in 

their respective environments are presented in Chapters 3 (floodplain) and 4 (savanna 

woodland). The major focus of the research is the effect of these exotic pastures on 

terrestrial vertebrate fauna in the Mary River catchment, and results of this section of 

the project (based on repeated wildlife surveys) are given in Chapters 5 and 6, for the 

floodplain and savanna habitats, respectively. Lastly, Chapter 7 explores monitoring 

options and the possible outcomes of future management actions relating to the use 

or control of exotic pastures. Of particular interest is an assessment of the utility of 

indicator species in monitoring – which may provide information on the 

consequences for biodiversity more generally, under different management 

scenarios. Some simple predictions are also made regarding the future distribution of 

para grass and gamba grass in the Mary River catchment. 
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Abstract 

The environmental impacts of exotic plants were reviewed by examining studies 

published in the scientific literature. The majority of weeds were documented as 

having negative impacts on various aspects of the natural environment (43 

examples), although positive and neutral impacts (7 examples each) were also 

documented. The most commonly reported negative effects of weed invasions were 

reduced diversity and/or abundance of native plant and animal species. In addition, 

several studies reported impacts on soil and water chemistry, nutrient cycling and fire 

regimes. Very few studies reported cases of weeds having solely positive or neutral 

impacts, with most weed invasions also found to have negative effects in conjunction 

with any positive or null impacts. The main focus of research has been on the 

impacts of weed invasions on native vegetation and invertebrates, with effects on 

vertebrate fauna, abiotic (e.g. soil or water) characteristics, and ecosystem 

functioning receiving considerably less attention. Ecological impacts of a small 

number of exotic pasture grass species have been examined in Australia, but no 

studies have investigated the effects of this group of weeds on vertebrate faunal 

communities. 

2.1. Introduction 

Invasive plants are defined as naturalized species that have the potential to spread 

over a considerable area (Richardson et al. 2000). Invasive plants are able to spread 

because they produce reproductive offspring, often in great numbers and at 

substantial distances (>100m) from parent plants (i.e. through the spread of seeds or 

other propagules) (Richardson et al. 2000). Many invasive plants become 

‘environmental weeds’, which are defined as exotic (alien) plant taxa that invade 

natural vegetation and adversely affect biological diversity and/or ecosystem 

functioning (Humphries et al. 1991; Richardson et al. 2000). 

Exotic plant invasions have occurred in almost all biogeographic regions worldwide 

and there is now widespread recognition that weed invasion poses a very serious 

threat to the conservation of global biological diversity (D’Antonio and Vitousek 

1992; WRI et al.1992; Mack et al. 2000;). In Australia, weed invasion is rated 
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alongside land clearing and grazing as one of the major factors exerting pressure on 

native ecosystems (Sattler et al. 2002; Beeton et al. 2006 – Australia State of the 

Environment 2006). In NSW alone, weeds are regarded as a threat to 279 threatened 

plant species (166 Endangered and 113 Vulnerable), 62 animal species (30 

Endangered and 32 Vulnerable), 14 Endangered Populations and 64 Endangered 

Ecological Communities (Coutts-Smith and Downey 2006). 

The number of naturalised exotic plant species in Australia is approximately 2800 

and currently 71 species are recognised as being of national significance (Thorp and 

Lynch 2000; AWC 2006). Growing concern about the impact of weed invasions has 

led to the development of international policies (e.g. IUCN 2000), as well as national 

and state-level initiatives in Australia (e.g. Weeds of National Significance (Thorp 

and Lynch 2000); Australian Weeds Strategy (AWC 2006); NT Weeds Management 

Strategy 1996–2005 (Anonymous 1996); Environmental weed strategy for WA 

(Anonymous 1999)). Nevertheless, despite widespread political recognition of the 

seriousness of the environmental weed issue, relatively little quantitative research has 

been done to measure the ecological impacts of weeds, with resources more 

commonly directed towards weed control strategies. 

The purpose of this chapter is to provide background information on the current state 

of knowledge regarding the ecological impacts of invasive exotic plants in Australia 

and elsewhere. A review of the relevant scientific literature was undertaken, with a 

particular effort directed towards finding the documented impacts of weeds on 

vertebrate fauna, and studies concerning the environmental impacts of introduced 

pasture grasses in Australia (i.e. the biological groups which are the main focus of 

the thesis). A number of similar reviews have been published in recent years (see 

below for details) and collectively these provide a comprehensive list of studies 

investigating the impacts of environmental weeds. Hence, this chapter does not 

rehash the information presented in earlier reviews by providing an exhaustive, 

annotated collection of weed impact studies; rather its intention is to present a 

balanced discussion of the range of ecological impacts associated with invasive 

exotic plants (especially introduced pasture species), with Australian and overseas 

examples. 
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2.2. Other recent reviews 

Scientific interest in environmental weeds has been growing steadily over the past 

few decades with an increasing number of weed impact studies appearing in the 

scientific literature in recent years. The first review papers on the general impacts of 

weeds were published in the 1990s (e.g. Humphries et al. 1991 and Adair and Groves 

1998 – weeds in Australia; Randall 1996 – weeds in the USA; Parker et al. 1999 – 

international review of effects of all types of invasive species including weeds). 

Outside Australia, reviews on more specific impacts of weed species have also 

published in recent years, such as those of a particular species (e.g. Lythrum salicaria 

in North America (Blossey et al. 2001)), group of plants (e.g. exotic grasses 

(D’Antonio and Vitousek 1992)), impacts in a particular region (e.g. African grass 

invasions in the Americas (Williams and Baruch 2000), or type of impact (e.g. 

economic impacts (van Wilgen et al. 2001); effects on fire regimes (Brooks et al. 

2004)). 

To date, the most comprehensive Australian review is the report by Adair and 

Groves (1998), which provides details of 21 Australian and 42 overseas studies that 

have quantitatively assessed the impact of weeds on biodiversity. Further examples 

of weed impact research published since 1998 are given in the reviews of Grice 

(2004), Grice et al. (2004) and Grice (2006). 

2.3. Weed impacts reported in the literature 

As noted above, the key review papers of Adair and Groves (1998), Grice et al. 

(2004) and Grice (2006) provide comprehensive lists of quantitative studies 

investigating the ecological impacts of weeds. In the course of my own review of the 

scientific literature, many additional studies were found. A selection of studies was 

chosen from all of the references obtained, to illustrate the range of ecological 

impacts attributed to weeds (and particularly those reported for vertebrate fauna), 

across a variety of ecosystems in Australia and overseas. Summarised details of these 

studies (grouped under the subheadings of negative, positive and no impact) are 

provided in Table 2.1. 
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Table 2.1. Examples of published studies that quantify the environmental impacts of invasive exotic plants, in Australia and overseas. Australian 

studies are denoted by an *. 

E.g. Species Location/ecosystem Details of impact References 

Negative impacts   

1 Acacia saligna (shrub) South Africa; fynbos 
shrubland 

Reduced abundance of ant species and altered community composition; 
also some neutral effects – see below 

French and Major (2001) 

2 Agave spp.        
(succulent herb) 

SE Spain; coastal 
dunes 

Reduced diversity of native plant species; adverse effects on 
physiological performance and reproductive success of native woody 
perennial species 

Badano and Pugnaire (2004) 

3 Agropyron cristatum 
(grass) 

Canada; short-grass 
prairie 

Reduced plant species richness and species turnover; reduced available 
N and total N in soils — altered nutrient cycling 

Christian and Wilson (1999); 
Heidinga and Wilson (2002) 

4 Ammophila arenaria 
(grass) 

USA, coastal dunes Reduced species richness and abundance of sand-burrowing arthropods  Slobodchikoff and Doyen 
(1977) 

5 Berberis thunbergii 
(shrub) & Microstegium 
viminuem (grass) 

USA; hardwood forest Altered soil microbial community structure and function Kourtev et al. (2002) 

6 Bromus sp. (grass) N America; mixed 
grass prairie 

Reduced rates of litter decomposition — altered nutrient cycling; 
displacement of native perennial grasses with annual species 

Ogle et al. (2003) 

7 Buddleja davidii (shrub) NZ; alluvial stream 
beds 

Displaces native colonising plants and facilitates the establishment of 
other plants; accelerates succession to forest on fresh alluvium (may be 
perceived as a positive effect in some circumstances) 

Smale (1990) 

8 Chromolaena odorata 
(herb) 

South Africa; riparian 
habitats, Lake St Lucia 

Increased shading has altered ground-level microclimate; reduced 
ground temperatures have had adverse effects on hatching success and 
sex ratios of Nile crocodiles (threatened species) 

Leslie and Spotila (2001) 

9 Clematis vitabla            
(woody vine) 

NZ forest Reduced abundance or total elimination of native shrubs and trees  Ogle et al. (2000) 



Chapter 2. Environmental impacts of weeds 

32 

Table 2.1. Continued. 

E.g. Species Location/ecosystem Details of impact References 

Negative impacts   

10 Delairea odorata (vine) USA; coastal 
woodland, N California 

Reduced plant species richness and diversity scores; reduced seedling 
abundance 

Alvarez and Cushman (2002) 

11 Elymus athericus (grass) France; tidal salt marsh Reduced abundance and density of some coastal spider species; also 
some positive impacts – see below 

Pétillon et al. (2005) 

12 Euphorbia esula (herb) USA; grasslands Reduced densities of two native sparrow species, although nest success 
was positively associated with weed cover; also some neutral effects — 
see below 

Scheiman et al. (2003) 

13 Lagarosiphon major 
(macrophyte) 

NZ; aquatic herbfield Displaces of native vegetation; promotes faunal changes (attracts swans 
and crayfish) which contribute to adverse effects on native plants 

Howard-Williams and Davies 
(1988) 

14 Ligustrum sinense 
(shrub) 

USA; mixed hardwood 
forests 

Reduced richness and abundance of native herb and tree seedlings; also 
some neutral effects — see below 

Merriam and Feil (2002); 
Wilcox and Beck (2007) 

15 Lonicera maackii (shrub) USA; forest Reduced richness and density of native tree seedlings and herbs Hutchinson and Vankat (1997) 

16 Lythrum salicaria (herb) N America; wetlands Reduced species richness and competitive exclusion of native plant 
species; reduced pollination and seedling establishment of native plant 
species; reduced habitat quality for several bird species, musk rat, mink 
and turtle; altered decomposition rates and timing; altered water 
chemistry (reduced P); altered hydrology; also some positive impacts — 
see below 

Blossey et al. (2001) (review 
paper), and references cited 
therein 

17 Melinis minutiflora 
(grass) 

Brazil; savanna Competitive exclusion over native grasses; reduced growth of 
successional forest tree species, so adverse effects of forest regeneration; 
increased fuel loads and altered fire regimes (more intense fires) may 
lead to impacts on adjacent gallery forest vegetation (fire-sensitive tree 
species)  

Pivello et al. (1999); D'Antonio 
et al. (2000); Hoffman et al. 
(2004) 
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Table 2.1. Continued. 

E.g. Species Location/ecosystem Details of impact References 

Negative impacts   

18 Myrica faya (tree) Hawaii Higher rate of N fixation and return to soil — altered nutrient cycling, 
leading to altered succession; transforms ecosystem by facilitating 
further exotic plant invasions; indirect adverse effects on birds as the 
weed attracts exotic bird species (i.e. increased competition) 

Mack et al. (2000), and 
references cited therein 

19 Phragmites australis 
(herb) 

USA; coastal saltmarsh Forms monotypic stands and has fragmented of native marsh vegetation; 
altered hydrology, hydroperiod and geomorphology; reduced habitat 
quality has led to adverse effects on fish species 

Weinstein and Balleto (1999) 

20 Rhododendron ponticum 
(shrub) 

Ireland; oak woodland 
and heath 

Reduced species richness and abundance for native plants, fungi, 
epiphytes, animals; reduced regeneration of native shrubs and trees 

Cross (1982) 

21 Tamarix spp. (tree) USA; arid habitats and 
riparian zones 

Reduced leaf litter input into streams; faster rates of litter decomposition 
— altered nutrient cycling and adverse effects on aquatic food webs; 
reduced species richness and abundance of aquatic macroinvertebrates; 
increased salinity levels, lowered water tables, altered streamflow and 
flooding regimen 

Loope et al. (1988); Bailey et 
al. (2001) 

22 Tradescantia fluminensis 
(herb) 

NZ; temperate lowland 
forest 

Reduced rates of litter decomposition — altered nutrient cycling; 
increased shading and potentially long-term adverse effects on viability 
of podocarp-broadleaf forest remnants; reduced species richness and 
abundance of ground invertebrates 

Standish et al. (2001); Standish 
(2004); Standish et al. (2004) 

23 Tribulus terrestris (vine) Kuwait; desert 
grassland 

Reduced density and biomass of native plant species; flowering delayed El-Ghareeb (1991) 

24 Various grass and herb 
species 

Canada; mixed-grass 
prairie 

Displacement of native grass species; composition of bird communities 
differed between native and exotic vegetation; mixed effects on bird 
abundances 

Wilson and Belcher (1989) 
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Table 2.1. Continued. 

E.g. Species Location/ecosystem Details of impact References 

Negative impacts   

25* Andropogon gayanus 
(grass) 

NT; tropical savannas Increased fuel loads leading to altered fire regimes (more intense, 
frequent and extensive fires, increased flame height); altered ground-
level microclimate; reduced canopy cover in overstorey trees and 
reduced tree seedling recruitment (may lead to conversion of savanna 
woodland and forest to grassland); reduced N availability — altered 
nutrient cycling; reduced soil water drainage; also some neutral effects – 
see below 

Barrow (1995); Howard (2000); 
Rossiter et al. (2003); Clifton 
(2004); Rossiter et al. (2004), 
Douglas and Setterfield (2005); 
Ferdinands et al. (2006); 
Rossiter-Rachor et al. (2008) 

26* Avena barbata (grass) SA; grassland Reduced recruitment of native perennial grass species Lenz and Facelli (2005) 

27* Cenchrus ciliaris (grass) Central/N QLD; 
tropical/temperate 
savannas 

Reduced plant species richness (herbs and shrubs); has a greater effect 
on richness than a dominant native grass species in north QLD; 
abundance of bird species had mixed associations (+/-) with invasion; 
altered microclimate at ground level; increased fuel loads leading to 
altered fire regimes (more intense, frequent and extensive fires); more 
intense fires have severely damaged and killed overstorey native trees 

Fairfax and Fensham (2000); 
Franks (2002); Butler and 
Fairfax (2003); Hannah et al. 
(2007) 

28* Chrysanthemoides 
monilifera (shrub) 

E Australia; coastal 
dunes 

Reduced cover and displacement of native plant species; faster leaf litter 
decomposition than native species — nutrient cycling may be altered; 
reduced richness and abundance of some bird foraging groups 
(granivores, nectarivores, scavengers, raptors); also neutral and positive 
effects for recorded for some bird foraging groups 

Weiss and Noble (1984); 
Lindsay and French (2004); 
French and Zubovic (1997) 

29* Cryptostegia grandiflora 
(vine) 

Central/N QLD; 
tropical/temperate 
riparian woodlands 

Reduced species richness and abundance of lizards; reduced diversity 
and altered composition of arthropod taxa; increased shading — altered 
microclimate (ground-level cooler than preferred body temperature range 
of Carlia skinks) 

Valentine (2006); Valentine et 
al. (2007) 

30* Cytisus scoparius (shrub) NSW; temperate forest 
and woodland 

Reduced species richness of native plants; altered microclimate from 
increased mid-storey cover (increased humidity and shading etc); alters 
successional pathways 

Smith (1994) 
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Table 2.1. Continued. 

E.g. Species Location/ecosystem Details of impact References 

Negative impacts   

31* Glyceria maxima 
(macrophyte) 

southern Australia; 
freshwater habitats 

Reduced diversity of macroinvertebrates and simplified functional 
feeding group composition; altered hydrology and geomorphology — 
conversion of flowing waters to partially anaerobic swamp 

Clarke et al. (2004) 

32* Hymenachne 
amplexicaulis (grass) 

NT and N Qld; tropical 
wetlands 

Reduced plant species richness and increased plant biomass; reduced 
abundance of some aquatic invertebrate taxa; thought to harbour more 
exotic fish than native wetland vegetation; dense growth thought to 
adversely affect waterfowl that prefer sparse growth and/or mixed stands 
of wetlands vegetation; also some positive impacts — see below 

Houston and Duivenvoorden 
(2002) 

33* Lantana camara (shrub)  NSW/QLD; subtropical 
and tropical dry 
rainforest and savanna 

Increased fuel loads leading to altered (more intense) fire regimes; 
reduced canopy cover from fire damage 

Fensham et al. (1994) 

34* Mesembryanthemum 
crystallinum (herb) 

southern Australia; 
temperate grassland 

Increased soil salinity leading to adverse effects on native plants; altered 
vegetational structure (simplification) has reduced refuge habitat for 
threatened species (stick-nest rats) 

Kloot (1983); Brown et al. 
(1991) 

35* Mimosa pigra (shrub) NT; tropical wetlands 
and monsoon forest 

Altered vegetation structure (aquatic grassland/sedgeland converted to 
shrubland); reduced density of native tree seedlings; reduced abundance 
of most birds and reptiles; increased shading; also some positive and 
neutral impacts — see below 

Braithwaite et al. (1989) 

36* Pennisetum polystachion 
(grass) 

n Australia; tropical 
savannas and monsoon 
forest 

Increased fuel loads leading to altered fire regimes (more intense and 
frequent fires; increased flame height); reduced nitrate availability — 
altered nutrient cycling; contributed (along with other factors) to the 
contraction of monsoon forest 

Panton (1993); Douglas et al. 
(2004) 

37* Phalaris aquatica (grass) VIC, grasslands Displacement of native grass, Themeda triandra; increased fuel loads 
leading to altered fire regimes (more intense fires with increased flame 
height) 

Stoner et al. ( 2004) 
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Table 2.1. Continued. 

E.g. Species Location/ecosystem Details of impact References 

Negative impacts   

38* Pinus radiata (tree) VIC, Eucalyptus open 
forest 

Reduced richness of native mammals and a higher proportion of 
introduced fauna  

Friend (1982) 

39* Pittosporum undulatum 
(tree) 

NSW/VIC; dry 
sclerophyll forest 

Reduced richness and cover of native plant species; altered vegetational 
structure; increases shading = modifed light regime; reduced 
regeneration of forest species; alters fire regime by reducing 
flammability; reduced faunal diversity (birds, frogs and reptiles) 

Brown et al. (1991); Mullet and 
Simmons (1995); Rose and 
Fairweather (1997) 

40* Salix spp. (tree) NSW/VIC; temperate 
riparian forest 

Reduced abundance and diversity of canopy arthropods; faster leaf litter 
decomposition — altered nutrient cycling and potentially alters aquatic 
food webs; bird species richness and diversity of foraging groups 
decreased in willow riparian zones cf. areas of native woody species 

Schulze and Walker (1997); 
Greenwood et al. (2004); 
Holland-Clift (2004) 

41* Tamarix aphylla (tree) NT; arid zone riparian 
woodland 

Reduced species richness of native herbs; no tree hollows present 
(hollow-dependent fauna may be adversely affected); reduced abundance 
of reptile species; reduced overall abundance of birds and altered 
composition of bird foraging groups but no significant difference in 
overall bird species richness; apparently reduced abundance of 
invertebrates in leaf litter. 

Griffin et al. (1989) 

42* Urochloa mutica (grass) NT and N Qld; tropical 
wetlands and riparian 
zones 

Reduced species richness, germination and altered composition of native 
plants; mixed effects on species richness of terrestrial invertebrates 
(increase in the wet; decrease in dry season); altered community 
composition of fish; impacts on wetland and river hydrology through 
higher sediment loads and reduced water discharge; dense growth 
thought to impede movement of juvenile barramundi; increased fuel 
loads — potential to cause more intense fires and threaten floodplain 
animal species (e.g. turtles) aestivating in the dry season and fire-
sensitive vegetation (e.g. monsoon vine forests) adjacent to floodplain; 
also some neutral impacts — see below 

Bunn et al. (1998); Rea and 
Storrs (1999); Douglas et al. 
(2001); Douglas and O'Connor 
(2004); Wurm et al. (2006) 

43* Various species WA; eucalyptus 
woodland 

Increased cover of weeds has been associated with reduced species 
richness of native plants, arthropods and lizards 

Abensperg-Traun et al. (1998) 
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Table 2.1. Continued. 

E.g. Species Location/ecosystem Details of impact References 

Positive impacts   

44 Elaegnus angustifolia 
(shrub) 

USA; riparian habitats Altered horizontal and vertical structure of the vegetation but regarded as 
a benefit to bird species utilising tall-scrub 

Knof and Olson (1984) 

45 Elymus athericus (grass) France; tidal salt marsh Increased diversity of non-coastal spider species Pétillon et al. (2005) 

46 Lythrum salicaria (herb) N America; wetlands Used by several invertebrate and vertebrate species; densities of some 
bird species increased; known to be used by 10 bird species for nesting 

Blossey et al. (2001) and 
references cited within (review 
paper); Whitt et al. (1999) 

47 Schizachyrium 
condensatum (grass) 

Hawaii Reduced light availability at the soil surface and reduced the 
establishment of another invasive weed, Myrica faya (tree)  

D’Antonio and Mack (2001) 

48* Hymenachne 
amplexicaulis (grass) 

NT and N Qld; tropical 
wetlands 

Increased abundance of some invertebrate taxa Houston and Duivenvoorden 
(2002) 

49* Mimosa pigra (shrub) NT; tropical wetlands 
and monsoon forest 

Two rodents, one bird and one frog species were more abundant in 
Mimosa than in native vegetation (also several vertebrate species with no 
impact detected) 

Braithwaite and Lonsdale 
(1987); Braithwaite et al. (1989) 

50* Urochloa mutica (grass) NT and N Qld; tropical 
wetlands and riparian 
zones 

Reduced emergence of seedlings of another weed, Mimosa pigra. Grace et al. (2004) 

No impact detected   

51 Acacia saligna (shrub) South Africa; fynbos 
shrubland 

No impact on ant species richness French and Major (2001) 

52 Euphorbia esula (herb) USA; North Dakota, 
grasslands 

No impact on two bird species; weed cover did not effect bird nest-site 
selection 

Scheiman et al. (2003) 

53 Ligustrum sinense 
(shrub) 

USA; mixed hardwood 
forests 

Weed cover had little effect on songbird species richness and abundance Wilcox and Beck (2007) 
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Table 2.1. Continued. 

E.g. Species Location/ecosystem Details of impact References 

No impact detected   

54* Andropogon gayanus 
(grass) 

NT; tropical savannas No substantial difference in ant communities Ryan (2005) 

55* Lycium ferocissimum 
(shrub) 

SA; coastal systems No detectable impact on native plants Erkelenz (1993) 

56* Mimosa pigra (shrub) NT; tropical wetlands 
and monsoon forest 

Several vertebrate species with no impact on abundance detected Braithwaite et al. (1989) 

57* Urochloa mutica (grass) NT and N Qld; tropical 
wetlands and riparian 
zones 

Mostly neutral impacts on aquatic invertebrate species richness and 
abundance; little effect on aquatic food web 

Douglas et al. (2001); Douglas 
and O'Connor (2003) 
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2.3.1. Negative impacts of weeds 

The most commonly reported impacts of weeds are ‘negative’ effects on one or more 

aspect of the natural environment (see e.g. 1–43 in Table 2.1). The majority of 

studies have focused on changes in native vegetation communities associated with 

weed invasion, and hence many of the negative impacts recorded concern attributes 

of plant species (e.g. richness or cover), with far fewer examples of effects on animal 

taxa or other environmental characteristics (e.g. ecosystem processes) in the 

scientific literature. 

Negative effects on native vegetation 

There are many examples of invasive weeds being associated with declines in 

diversity and/or abundance of native plants. Several studies reported marked 

reductions in the number of native species (i.e. species richness or α diversity; e.g. 2, 

3, 6, 9, 10, 13–17, 19, 20, 24, 27, 28, 30, 32, 35, 39, 41–43) in areas with high cover 

of weed species. Impacts on species turnover (β diversity) have generally received 

much less attention in weed studies, but declines in β diversity have been reported 

(e.g. 3). Where abundances measures were included in the research, the cover or 

abundance of native plant species often declined substantially (or plants were 

completely eliminated), in association with weed cover (e.g. 6, 7, 9, 13–17, 19, 20, 

23, 24, 26, 28, 35, 37, 39). Furthermore, a number of studies specifically noted 

negative impacts on the recruitment of woody species (i.e. reduced abundance of tree 

and shrub seedlings; e.g. 2, 7, 10, 14, 15, 20, 25, 35, 39). A few studies found that 

weed species can also have more subtle adverse effects on native plants species, with 

impacts on the timing of flowering, pollination and reproductive success reported in 

some cases (e.g. 2, 16, 23). 

Many of the studies reporting negative effects on native plant diversity or abundance 

did not investigate the underlying mechanisms that result in weeds out-competing or 

displacing native species. However, there are several examples in the literature of 

studies that have quantified changes to environmental characteristics that influence 

plant growth, such as altered soil chemistry and ground-level microclimate, in 

association with weed invasions. Weeds were often reported to cause increased 
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shading (i.e. reduced light levels at the ground: e.g. 8, 22, 29, 30, 35, 39), and 

changes to nutrient levels in soil (or water – for aquatic weeds) through processes 

such as different rates of nitrogen fixation and/or altered biomass, timing and 

decomposition rates of leaf litter (e.g. 3, 6, 16, 18, 21, 22, 25, 28, 36, 40). Weed 

species have also caused increased soil salinity (e.g. 21 & 34) and changes to soil 

microbial communities (e.g. 5), which may be detrimental to native plant species and 

allow weeds to be more competitive. There are some examples where weed species 

have altered their environment to the extent which successional pathways have also 

been changed (e.g. 7: Buddleja davidii – an exotic shrub that facilitates the 

establishment of other plants (i.e. accelerating succession) on fresh alluvium in New 

Zealand; and 18: Myrica faya – an exotic tree that alters nutrient cycles and 

facilitates further exotic plant invasions in Hawaii). 

Adverse effects on fauna 

As with impacts on native vegetation, the most frequently reported changes in animal 

communities associated with weed invasions are reductions in species richness and 

abundance. These effects have been noted for terrestrial (e.g. 1, 4, 11, 22, 29, 40, 42, 

43) and aquatic invertebrate species (e.g. 21, 31, 32). There have been similar 

reductions in diversity and abundance reported for vertebrate fauna, with birds 

receiving considerable attention (e.g. 12, 16, 24, 27, 28, 32, 35, 39–41). Several 

studies have also noted negative impacts of weeds on reptile and mammal 

communities (e.g. 16, 20, 29, 34, 35, 38, 39, 41, 43), but effects on frogs and fish 

have been studied less often (but see e.g. 19 & 39). In addition to reductions in 

diversity and abundance, a number of weed impact studies found that the 

composition of faunal assemblages had changed in association with weed invasion, 

and in some cases – particularly for lower trophic-level groups such as insects, 

adverse effects on food webs were either suspected or demonstrated (e.g. 21, 31, 40). 

The most commonly offered explanation for how invasive weeds adversely affect 

animals is that the displacement of native vegetation results in ‘reduced habitat 

quality or availability’. Less research effort has been devoted towards understanding 

the underlying mechanisms driving such changes, however, a study by Valentine et 

al. (2007) is one example (e.g. 29). Through a combination of behavioural 
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experiments and field assessments, Valentine et al. (2007) demonstrated that lizards 

avoided habitat with dense Cryptostegia grandiflora cover, and concluded that this 

was because it provided suboptimal habitat (due to lower ambient ground 

temperatures), reduced availability of prey (arthropods), and poorer protection from 

predators (i.e. poorer camouflage because of dissimilar leaf and lizard size/shape). 

There are a few other studies that documented increased shading and altered ground-

level microclimate (e.g. 8, 27, 29, 39) in conjunction with impacts on animal species, 

including one example in which reproductive outcomes (hatching success and sex 

ratios) of a threatened African crocodile had been adversely affected by the riparian 

weed, Chromolaena odorata (e.g. 8 – Leslie and Spotila 2001). 

Overall, there appears to be some consensus in the weed impact literature that 

structural vegetation changes (e.g. loss or reduction of one or more layers of 

vegetation) may have a more direct influence on fauna than loss of plant species 

diversity, per se, and this is in agreement with the long-established theory that plant 

biodiversity does not determine animal diversity (MacArthur and MacArthur 1961; 

Krebs 1994). This is because key habitat characteristics such as the level of 

protection from predators (for nests, juveniles or adults), access to food or prey 

items, and availability of nest sites, are probably more closely linked to vegetation 

structure than particular plant species. For example, invasion by Mesembryanthemum 

crystallinum (e.g. 34) is thought to have led to increased predation rates for the stick-

nest rat, because it simplifies the vegetation structure (Kloot 1983). 

Obviously in cases of highly specified plant-animal relationships, displacement of a 

critical native plant species by an invasive weed is likely to be detrimental to animal 

species dependent on that plant. Native plants may be particularly important for 

extreme specialists such as the mistletoe-bird, however, even this species has been 

observed eating fruits from a range of exotic plants in addition to their usual diet of 

mistletoe berries (Loyn and French 1991). Native vegetation may also provide 

critical attributes other than food (e.g. nest sites) and hence reduced availability of 

these features could adversely effect fauna. For example, Griffin et al. (1989) found 

that there were no hollows present in stands of the introduced tree, Tamarix aphylla 

(e.g. 41), and concluded that the reduced abundance of hole-nesting bird species 

(which were observed in hollows in nearby, unaffected river red gum sites) was most 
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likely because of the absence of this important habitat characteristic. Leaf litter, 

which has been shown to be altered by weed invasions, is the other main habitat 

component thought to have serious flow-on effects on fauna (e.g. 20, 21, 41). 

Other negative environmental impacts 

In addition to biological effects, invasive plants have also caused changes to the 

abiotic environment. Weed invasions can alter soil and water chemistry (see above 

for examples), and in some areas (particularly riparian and aquatic habitats) weeds 

have been shown to affect the drainage of water through the soil profile, water table 

levels, sediment loads and channel morphology, rates of flow or discharge in rivers 

and wetlands, and other flooding characteristics (e.g. 15, 18, 20, 25, 31, 42). 

However, changes to fire regimes – which have the potential for ecosystem-scale 

consequences, are among the most serious environmental impacts of weed invasions. 

The issue of how weeds affect fire regimes has been discussed in detail by 

D’Antonio and Vitousek (1992) (for exotic grass invasions only), and more recently 

by Brooks et al. (2004). By displacing or dominating native plant communities, 

weeds can alter fire regimes through changes to fuel properties such as flammability, 

fuel load (i.e. plant biomass) and location (i.e. different vertical and/or horizontal 

continuity cf. native vegetation) (Brooks et al. 2004). The resultant effects on fire 

regimes can include altered fire frequency, intensity, extent, scorch height and the 

annual window of fire activity, which can in turn lead to impacts on biodiversity and 

ecosystem function (D’Antonio and Vitousek 1992; Mack et al. 2000; Brooks et al. 

2004). There are several examples in the literature of these sorts of impacts. Most of 

the documented effects are increased fuel loads and more intense fire regimes (e.g. 

17, 25, 27, 33, 36, 42), with only rare examples of weeds causing reduced 

flammability and less destructive fires (e.g. 39) (plus additional examples given in 

D’Antonio and Vitousek (1992) and Brooks et al. (2004)). 

The flow-on effects from altered fire regimes may be localised, such as damage to or 

death of native vegetation (e.g. 25, 27, 33), however more widespread impacts can 

also occur through other environmental changes. Fires themselves can substantially 

alter nutrient budgets (particularly for carbon and nitrogen), and the associated 

nutrient losses to streamwater, groundwater and the atmosphere are increased after 
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fire (D’Antonio and Vitousek 1992). Exotic grasses are one group of weeds that have 

had a significant impact on natural systems and there are several published examples 

(e.g. 6, 17, 25) of these weed invasions initiating a ‘grass-fire cycle’. D’Antonio and 

Vitousek (1992) define a grass-fire cycle as a positive feedback cycle that occurs 

after the initial increase in the fine-fuel loads of exotic grasses causes more frequent 

and intense fires, which damage and reduce the cover of woody species and alter the 

local environment, thus creating conditions that facilitate further grass invasion. 

Therefore, by altering fire regimes weed invasions have the potential to transform 

ecosystems and even contribute to global environmental problems such as climate 

change through the combined effects of damage to native vegetation and changes to 

nutrient cycles (including effects on greenhouse gases in the atmosphere) (D’Antonio 

and Vitousek 1992; Mack at al. 2000). 

2.3.2. Positive impacts of weeds 

By definition, weeds are plant species that have undesirable effects on the natural 

environment, so the possibility that such species may have positive impacts seems 

somewhat paradoxical. There are obviously many exotic plant species regarded as 

desirable and useful (namely those cultivated for agriculture, pastoralism, forestry 

and other anthropogenic uses), and the benefits of these species are not discussed 

here. However, there are also some examples in the scientific literature of weeds 

having positive ecological effects (e.g. 44–50). In most cases of positive impact, 

particular animal groups appear to have benefited from the presence of the weed 

species, possibly because the exotic plants have increased habitat complexity (e.g. by 

the addition of another vegetation layer, such as shrubs; e.g. 44 and 46). A weed 

species may also offer greater protection from predators than the native vegetation, 

and this was thought be the case with Mimosa pigra (a prickly shrub) invasion in 

tropical wetlands, where two rodent species were found to be more abundant (e.g. 

49; Braithwaite and Lonsdale 1987). 

Another positive effect of weeds may result from their competitive advantage over 

other plant species. As discussed earlier, many native plant species are excluded by 

invasive weeds, but the establishment and growth of other exotic plants may also be 

suppressed by weeds. Such an interaction has been recorded in Hawaii, where an 
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exotic grass, Schizachyrium condensatum, was found to suppress the establishment 

of seedlings of another serious environmental weed, Myrica faya (a tree) (e.g. 49), 

and in Australia, where Urochloa mutica has reduced the emergence of Mimosa 

pigra seedlings (e.g. 50; Grace et al. 2004). 

Although not specifically reported as a positive impact of weeds, it is worth noting 

that exotic plants may provide important resources for many animal species, at 

certain times and locations. For example, weeds have been shown to play an 

important role in the maintenance of biodiversity (particularly for insects and birds) 

in agricultural landscapes in the United Kingdom (i.e. where few, if any, native plant 

species persist; Marshall et al. 2003). In Australia, more than 170 bird species have 

been listed as (collectively) feeding on a wide range of exotic plant species 

(including declared weeds), and for some bird species exotic plants have become a 

substantial component of their diet (Loyn and French 1991). However, as Loyn and 

French (1991) point out, observations on the use of weeds by birds or other fauna 

should be interpreted with caution because detailed dietary research has shown that 

seed and fruits of exotic plant species were taken only when resources were scarce, 

and that food from native vegetation was preferred when it was available. 

Relationships between weed species and fauna can be complex and in some cases, it 

may be difficult to judge an observed ecological effect as being a positive or negative 

one. For instance, an exotic plant species may provide additional food resources for a 

particular animal species, in a location where food from native vegetation is sparse 

(i.e. a positive impact), but it may also be toxic and cause poisonings in other 

animals (i.e. a negative impact) (Loyn and French 1991). There is also the issue of 

birds or other animals that use exotic species aiding the spread of these weeds (i.e. 

negative impact on the broader environment). Another example with an apparently 

positive weed impact is that of an aquatic exotic macrophyte, Lagarosiphon major, 

that displaces native vegetation (i.e. a negative impact) but attracts swans and 

crayfish in New Zealand wetland habitats (i.e. positive effect on fauna) (e.g. 13, 

Howard-Williams and Davies 1988). However, the high abundance of swans and 

crayfish causes further damage to the last remaining stands of native wetland 

vegetation, hence the overall ecological impact of this weed is negative (Howard-

Williams, and Davies 1988). Finally, the fact that three of the six examples of 
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positive impact given in Table 2.1 also had negative ecological effects provides 

further evidence that interactions between weed species and the environments they 

invade can be complex. 

2.3.3. Weed invasions found to have no impact 

There are a few examples in the scientific literature of weed invasions that have had 

little or no impact on particular components (e.g. some animal groups) of natural 

systems (e.g. 51–57), although most of these studies did record negative effects on 

other ecological aspects. For instance, Acacia saligna was found to have no impact 

on ant species richness in South African fynbos, but ant abundance and community 

composition was affected (e.g. 1 and 51). Mixed results were also recorded for 

Ligustrum sinense invasions in North American hardwood forests, with negative 

effects on native vegetation but no impact detected on species richness and 

abundance of songbirds (e.g. 14 and 53). In fact, only one of the seven examples (e.g. 

55) given in Table 2.1 exclusively reported neutral environmental impacts. The 

paucity of publications that report ‘benign’ weed impacts may be because the 

apparent harmlessness of these weed species means they have attracted less research 

attention from scientists and land managers who may view others issues as higher 

priority. Alternatively, researchers may be reluctant to publish non-significant 

results, particularly if such findings would be detrimental to future funding 

opportunities. 

2.3.4. The economic impact of weeds 

There is overwhelming evidence that more often than not, weed invasions are 

detrimental to the natural environment and some even have the potential to cause 

landscape-scale impacts and transform entire ecosystems. Consequently, a brief 

discussion about the unequivocal and substantial economic impact of weeds is 

warranted. 

In the USA, Pimentel et al. (2000) estimated that annual cost (including loss of 

forage and herbicide application to crops, rangelands, pastures and lawns) of all non-

indigenous weeds was $US 33 billion per year. When the indirect costs for other 

related activities (e.g. quarantine) were taken into consideration, the total cost of all 
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alien species (i.e. plants, animals and microorganisms) was estimated to be more than 

$US 138 billion per year (Pimentel et al. 2000). However, this assessment did not 

take into account the effects of weeds on non-productive lands (e.g. cost of weed 

control on conservation lands) and therefore the cost may have been significantly 

underestimated. 

Similar cost estimates were reported by Van Wilgen et al. (2001), in their review of 

studies that have assessed the economic impact of weeds in South Africa. They 

presented costs associated with a wide range of weed impacts including loss of water 

(i.e. cost of clearing non-indigenous species that use more water), reduced crop 

yields, and loss of biodiversity (Van Wilgen et al. 2001). Overall, the total cost to 

clear alien plant invasions in South Africa was estimated to be around $US 1.2 

billion ($US 60 million per year over 20 years) (Van Wilgen et al. 2001). 

In Australia, recent estimates of cost (including the cost of control, loss of 

productivity, and relevant research on agricultural, public and indigenous land) are in 

the order of $3-4 billion per annum, with weed control solely on conservation areas 

costing an additional $19.6 million (Paynter et al. 2003; Sinden et al. 2004). 

2.4. Conclusions 

There are several important conclusions to be drawn from this review, and most have 

already been noted in the existing review papers. Firstly, the majority of studies 

investigating the effect of exotic plant species on the natural environment have 

reported negative impacts. Where positive or neutrals impacts were found, negative 

effects were also recorded in many cases. Secondly, impacts on native vegetation and 

invertebrates were the environmental components most often assessed and the most 

common effect of weed invasion was reduced species richness and/or abundance. 

The effect of weeds on vertebrate fauna and ecosystem processes (i.e. nutrient 

cycling, fire) has received much less attention, however the studies that have 

assessed vertebrate communities often reported similar negative impacts to those 

recorded for plants and invertebrates. Also, the studies that examined ecosystem 

effects documented changes to soil and water chemistry (including altered nutrient 

cycling), hydrology and fire regimes associated with weed invasions. 



Chapter 2. Environmental impacts of weeds 

47 

Other reviews (e.g. Adair and Groves 1998; Grice et al. 2004) considered the lack of 

information regarding weed impacts on vertebrate fauna in Australia a serious 

deficiency and advocate that additional research is urgently required. This 

recommendation certainly rings true from the perspective of my review, as one of the 

main aims was to gather information on the documented impacts of introduced 

pasture grasses on vertebrate fauna in Australia, and at the commencement of my 

study (circa July 1999), very little research had been done on the topic. To date, 

impacts of just a handful of pasture species have been examined in Australia 

(Andropogon gayanus, Cenchrus ciliaris, Hymenachne amplexicaulis, Pennisetum 

polystachion and Urochloa mutica), with most results published only in the past few 

years. As with weed impact research in general, assessments of these species have 

concentrated on effects on vegetation and invertebrates and vertebrate fauna have 

received little attention. Effects on bird (for Cenchrus ciliaris) and fish communities 

(for Hymenachne amplexicaulis and Urochloa mutica) have been assessed, but no 

studies have specifically examined the impact of any pasture grass species on a range 

of vertebrate fauna. My review confirms that there is a significant gap in knowledge 

regarding the impact of invasive pasture grasses on animal biodiversity, and hence 

research to provide more information is imperative. 

Lastly, it is clear from the studies included in earlier reviews and the additional 

examples presented above that a wide range of approaches have been used to 

investigate the effects of weeds on the natural environment. Consequently, the very 

issue of how weed impact should be measured has been raised in some reviews. 

Multi-site comparisons have been widely used in weed impact research with 

relatively few studies utilising more manipulative methods such as weed removal and 

addition experiments, and the appropriateness of each method has been debated. The 

scale of assessment has also been questioned (i.e. species-, community- or 

ecosystem-level effects), and for several weed species anecdotal impacts have been 

reported without supporting data. Prescription of a standardised approach to weed 

assessment that is appropriate in all cases is probably impossible, but the key 

recommendation of this and other reviews is that more quantitative weed impact 

research is needed, particularly if the mechanisms of impact are to be better 

understood. 
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In conclusion, the review presented here agrees with other published appraisals – 

there is overwhelming evidence that weed invasions have caused significant 

degradation to many natural systems through reductions to biodiversity and adverse 

effects on ecosystem processes. Gaining a more thorough understanding of the 

impact of weeds is a first step towards improving land management and the 

allocation of resources in order to preserve the biological integrity and environmental 

health of natural ecosystems. This is the primary aim of the research presented in the 

subsequent chapters. 
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Abstract 

The impact of the exotic pasture para grass (Urochloa mutica) on habitat and 

vegetation characteristics was examined by monitoring sites on the Mary River 

floodplain with varying levels of para grass cover. Para grass was found to have little 

influence on the relative proportions of different ground cover types (bare ground, 

litter, etc) and most structural vegetation characteristics. However, richness of native 

plant species substantially decreased with increasing para grass cover. Cover of the 

common native species also declined as para grass cover increased and more than 

half of all the species recorded were only found on sites where para grass was absent. 

The broad-scale conversion of the highly variable floodplain environment to a 

monoculture of para grass is likely to result in an extensive loss of plant biodiversity, 

and may also affect wildlife populations through habitat degradation and other 

ecosystem-level impacts. 

3.1. Introduction 

The floodplains of tropical, northern Australia are highly productive and dynamic 

environments that sustain a range of ecological, socio-economic and cultural 

functions (Whitehead and Chatto 1996). These ecosystems are important 

conservation areas – not because of a high incidence of threatened species but 

because they provide year-round habitat for large populations of a diverse vertebrate 

fauna, including many waterfowl species, crocodiles and barramundi (Whitehead 

1999a). 

The floodplains are of recent geological origin and formed only following the 

stabilisation of post-ice age sea levels 6000 – 7000 yrs ago. Freshwater wetlands 

began to replace mangrove forests about 4000 yrs ago and became extensive 

approximately 2000 yrs ago (Woodroffe and Mulrennan 1993). The predominant soil 

type on the floodplains is cracking clay 0.5-1m deep overlying gleyed estuarine muds 

(Cowie et al. 2000). The floodplains are a highly variable environment on both a 

temporal and spatial scale (Bowman and Wilson 1986, Whitehead et al. 1990, Cowie 

et al. 2000). Floristic composition and relative abundance changes seasonally and 
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reflects the contrasts between fresh water inundation during the wet season 

(October–April) and retreat during the dry season (May–September). 

Tropical floodplain habitats are characterised by plant communities that form a 

complex mosaic reflecting geomorphic features including drainage depressions, 

permanent and semi-permanent swamps and billabongs and a wide range of more 

briefly inundated systems (Wilson et al. 1991, Cowie et al. 2000). Wilson et al. 

(1991) described plant community groups for the NT’s floodplains and Cowie et al. 

(2000) classified the original 24 floristic groups into three broad categories 

(saline/semi-saline, dry freshwater, and wet freshwater) based on the salinity and 

water depth regimes most floristic groups were associated with. Sites in my study 

were located in the dry and wet freshwater groups only. 

Minor variations in elevation, through the effects of water depth and salinity, have an 

important influence on plant species distribution (Wilson et al. 1991, Cowie et al. 

2000), and species richness is generally low in comparison with surrounding (non-

inundated) habitats (Whitehead et al. 1990, Cowie et al. 2000). Water depth is 

largely controlled by topography or elevation above sea level. Other hydrological 

characteristics such as the timing of floods, duration of inundation, and peak flood 

levels, may also have a significant influence on vegetation dynamics (Whitehead et 

al. 1990, Cowie et al. 2000). Other ‘natural’ factors that may influence floodplain 

vegetation communities are fire (from lightning strikes) (Whitehead and McGuffog 

1997) and interactions with animals (i.e. through feeding, nesting, movement) 

(Cowie et al. 2000). Anthropogenic land management practices can also have 

important effects on the structure and floristics of floodplain vegetation. There are 

many aspects of human use that may impact on floodplain ecosystems, but activities 

involving invasive introduced plant and animal species (e.g. for pastoralism and 

agriculture) are potentially the most threatening (Storrs and Finlayson 1997). 

Invasive alien plants are recognised as a major environmental management issue and 

threat to biodiversity and ecosystem functioning worldwide (Usher 1988; D’Antonio 

and Vitousek 1992; Adair and Groves 1998). In Australia, tropical wetlands are 

considered to be particularly at risk of impacts from such invasions (Humphries et al. 

1991; Rea and Storrs 1999). Among the many documented impacts of invasive plants 
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are alterations to native plant communities (reductions in species richness, abundance 

and changes to floristic composition) (Weiss and Noble 1984; Pivello et al. 1999; 

Ogle et al. 2000; Heidinga and Wilson 2002; Merriam and Feil 2002), changes in fire 

regime (D’Antonio and Vitousek 1992; Rossiter et al. 2003; Stoner at al. 2004), 

alterations to nutrient cycling processes (e. g. amount and rates of decomposition of 

litter; Ogle et al. 2003; Lindsay and French 2004; Standish et al. 2004), changes to 

system metobolism and productivity (Douglas et al. 2001), alterations of 

geomorphological and hydrological processes (Weinstein and Balletto 199; Bunn et 

al. 1998), and through changes to vegetation and other habitat characteristics, alien 

plants have also been linked to impacts on a range of animal species (Adair and 

Groves 1998; Blossey 1999). 

In northern Australia, invasive alien plants have become a serious management issue 

because they threaten the ecological integrity of the landscape and have the potential 

to degrade large areas which are highly valued for conservation (including the world 

heritage area, Kakadu National Park), pastoralism and other land uses (Rea and 

Storrs 1999). On the floodplains of the Mary River catchment, several alien plant 

species have become established, but two species, the giant sensitive plant (Mimosa 

pigra) and para grass (Urochloa mutica), are of particular concern. Mimosa pigra, a 

spiny shrub native to Central America, was introduced to the Northern Territory in 

the 1890s but was recognised as a weed only in the 1960s (Rea and Storrs 1999). The 

seriousness of its potential impact was recognised following buffalo control efforts 

during the 1970s and 1980s, when M. pigra spread to cover vast areas of the Mary 

River floodplain and other rivers across the Top End (Rea and Storrs 1999). Native 

grasslands, herblands, sedgelands and woodlands were replaced with tall (3–6m), 

monospecific spiny dense shrublands of M. pigra, thus degrading wildlife habitat, 

land used by Aboriginal people (in Kakadu National Park and Arnhem Land), and 

valuable pastoral land (Braithwaite et al. 1989; Cook et al. 1996). Efforts to control 

M. pigra have been maintained for over twenty years and eradication has been 

embraced by all stakeholders (Cook et al. 1996). Furthermore, considerable research 

attention has been focused on M. pigra, with recent studies investigating a range of 

aspects including reproductive biology, rates of spread, effectiveness of control and 
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ecological impacts (e.g. Braithwaite et al. 1989; Londsdale and Abrecht 1989; 

Londsdale 1993; Cook at al. 1996). 

Para grass was first planted in the Northern Territory around 1900 (Cameron 2008). 

It has since been actively promoted as an improved pasture species for cattle 

(Douglas et al. 2001). The characteristics of para grass that are valued by pastoralists 

– rapid spread, high productivity, and tolerance to heavy grazing, waterlogging and 

drought (Cameron 2008) – have also led to the species being recognised as a 

management problem outside pastoral land, and para grass has been listed as one of 

eighteen environmental weeds with the ‘potential to cause serious impact on a 

nationally significant scale’ (Humphries et al. 1991). Para grass is estimated to cover 

2500 ha in the Mary River floodplains (Ferdinands et al. 2005) and at least 40 000 ha 

in total, across the north of the NT (Low 1997). Para grass is now generally 

considered (by non-pastoral stakeholders) to be a threat to the ecological integrity of 

floodplains because of its potential to transform large areas of naturally 

heterogeneous vegetation into a monoculture, and hence reduce biodiversity 

(Clarkson 1995; Wilson et al. 1991). However, the particular ecological impacts of 

para grass are mostly speculative because, to date, few quantitative studies 

addressing the issue have been undertaken. Recent research in Kakadu National Park 

examined the effects of para grass on native flora, invertebrates, fish and some 

aspects of food web dynamics (Douglas et al. 2001), and on fuel loads (Douglas and 

O’Connor 2004), but no studies have investigated impacts on terrestrial wildlife. 

The broad aim of my study was to assess the balance of multiple land uses in the 

Mary River catchment, and in particular, to investigate how aspects of land 

management of one sector (i.e. the use of exotic pasture grasses on pastoral 

properties) impact on the ability of another sector to achieve management goals (i.e. 

conservation of biodiversity on conservation land). The specific research objective of 

the section of work presented in this chapter was to examine the effect of para grass 

on selected habitats of floodplain fauna, through a detailed assessment of vegetation 

and other environmental characteristics. 
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The hypotheses tested were: 

1. Ground cover (i.e. the relative proportions of bare ground, open water, litter 

and vegetation) and the structural characteristics of vegetation are altered in 

habitats dominated by para grass. 

2. The richness and cover/abundance of native plant species is lower as the 

cover of para grass increases. 

As discussed above, there is a range of factors that influence floodplain vegetation 

and habitat characteristics. Two that were considered to be of particular importance 

in this study were hydrology (i.e. patterns of inundation, etc) and disturbance by 

ungulates, namely cattle, feral buffalo and pigs. Consequently, secondary hypotheses 

addressing the influence of hydrology (based on water depth measurements) and 

grazing disturbance (from cattle, buffalo and pigs combined) on environmental and 

vegetation characteristics were also tested by including these variables in analyses. 

Salinity is also an important factor in the Mary River system, particularly because of 

saltwater intrusion. However, all sites were selected in areas unaffected by saltwater 

intrusion and were assumed to have low salinity levels. Results of this section of the 

study provide important information on the direct impact of para grass on floodplain 

vegetation communities and will also be useful when interpreting patterns in the 

wildlife data. 

3.2. Methods 

3.2.1. General site selection procedures 

Surveys of 50m x 50m (0.25 ha) sites, each visited up to four times (two wet and two 

dry seasons), were undertaken between September 1999 and May 2002. In all, 31 

sites were selected in areas with varying levels of para grass, in non-woody 

floodplain vegetation communities. Site placement was geographically haphazard, 

and random within three broad strata defined by the amount of para grass cover 

(hereafter referred to as ‘para grass level’), and in accordance with the following 

additional criteria. 
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Sites were a minimum of 50m from an ‘environmental edge’ (i.e. change in 

vegetation or topography, or roads/tracks) and 200m from any other site; and 

locations were readily accessible in both the wet and dry season. Sites were located 

in generally the same soil type (heavy black cracking clay). Cattle and/or feral 

buffalo and pigs were present in some locations, but areas of high levels of 

disturbance from these were avoided where possible. An attempt was made to have 

as many replicate sites as possible in each para grass level. However, optimal 

numbers of replicates were not always achieved because of the limited extent of 

some levels of para grass cover and/or logistic problems with accessibility. A 

description of the vegetation characteristics and number of sites in each para grass 

level is given in Table 3.1. 

Sites were surveyed by the author (KB) [n=16] or researchers from a collaborating 

agency (C. Bach and J. Hosking, Natural Resources Division, Department of 

Infrastructure, Planning and Environment – hereafter referred to as DIPE) [n=15]. 

Selection of DIPE site locations was done in a similar way, although the monitoring 

objectives of the DIPE study were broader (i.e. not wholly focused on introduced 

pastures; see Bach (2002) and Bach and Hosking (2002) for further information). A 

subset of the total number of DIPE sites was included in the present study, namely 

those in similar (non-woody) vegetation types and with minimal disturbance from 

feral animals, non-pasture weed species (e.g. Mimosa pigra) and/or saltwater 

intrusion. 
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Table 3.1. Number of floodplain sites and description of vegetation present in each 

para grass level. The number of sites surveyed by the author (KB) and by 

collaborating scientists from DIPE is shown in parentheses. 

Para grass level Number of sites  Vegetation description 

None 19 

(KB: 6, DIPE: 13) 

No para grass present; mixed grass/forb/sedge 

or Oryza meridionalis grassland on most 

sites, and remaining sites dominated by 

Hymenachne acutigluma or Eleocharis spp. 

Moderate 9 

(KB: 7, DIPE: 2) 

Low to moderate para grass cover (≤40%); 

similar native vegetation as sites in None 

High 3 

(KB: 3) 

High para grass cover (>40%); no sites with 

native vegetation dominant 
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Sites were on private (pastoral) or conservation land (Mary River Conservation 

Reserve) and their precise location was determined using a handheld Global 

Positioning System (GPS) with a positional accuracy of ± 3 m. 

3.2.2. Vegetation and habitat assessment 

Surveys were conducted in the dry season (September – November) of 1999, 2000 

and 2001, and in the wet season (December – May) of 2000, 2001 and 2002. Various 

environmental, habitat and floristic characteristics were recorded through a 

combination of a broad appraisal of the 0.25 ha site, and a detailed assessment of 20 

or 40 1x1m quadrats. Attributes recorded from each site, a description of the 

methodology used and notes on the frequency of measurement are given in Table 

3.2, with any differences between methods used by the author and DIPE noted. 

At each site, quadrats were placed on a grid, comprising four or eight evenly spaced 

rows of five quadrats. For a subset of sites, (KB wet season sites), quadrats were 

placed around the perimeter (five quadrats per side), to minimise the need for 

observers to move through the site and create habitat disturbance which could 

compromise concurrent fauna surveys. 

3.2.3. Analysis 

A total of 31 sites were surveyed up to four times each (Fig. 3.1; Table 3.1). Some 

sites could not be surveyed at times because of flooding. Also, despite areas with 

high levels of disturbance (i.e. from pigs, grazing or other weeds) being avoided 

during the initial selection of site locations, two sites subsequently became highly 

disturbed; post-disturbance data were excluded from the analyses. 

Analytical approach 

A number of analytical approaches was used to assess the impact of para grass cover 

on vegetation and habitat characteristics. For most analyses, para grass cover was 

included as percentage cover. However, for analyses of species composition, the 

ordinal-scale of para grass level was used (see section 3.2.1, Table 3.1). Wet and dry 

season data were analysed separately in order to minimise the influence of seasonal 
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variation inherent in dynamic, floodplain environments. As the aim of the study was 

to obtain an accurate, overall assessment of current habitat characteristics, with 

respect to the extent of para grass cover, and not to measure environmental changes 

over time (i.e. between one survey and the next), vegetation and habitat variables 

recorded during each survey were averaged over all dry season or all wet season 

visits for each site, prior to analysis. Interval and ratio level variables were examined 

for normality and homogeneity of variances and appropriate transformations were 

performed prior to analysis, where necessary; all percentage cover variables were 

arcsine transformed. 

Data were stored and summarised in a Microsoft Excel database (Microsoft Corp. 

2002), and all analyses were done using S-Plus Version 6.1 for Windows (Insightful 

Corp. 2002), Statistica Version 6 for Windows (StatSoft Inc. 2001), or Primer 5 for 

Windows Version 5.2.4 (using default settings, unless otherwise specified) (Primer-E 

Ltd 2001). 

Broad-scale habitat characteristics 

Associations between broad-scale habitat characteristics (i.e. those unlikely to be 

influenced by the presence of para grass such as non-seasonal, landscape-scale 

characteristics – e.g. distance to permanent water) and para grass cover were 

analysed using Spearman rank correlation tests. Correlations were also done for each 

broad-scale habitat variable versus grazing disturbance scores and water depth. 

General vegetation and habitat characteristics 

Generalized Linear Modelling (GLM) was used to test for an association between 

para grass cover (% para grass cover, as the predictor variable) and the following 

vegetation and habitat (response) variables: general ground cover (i.e. total plant, 

litter, bare ground, water), species richness, average vegetation height and vegetation 

cover (in three height classes). It should be noted that the general ground cover 

variable ‘total plant cover’ was a percentage estimate of all ground-layer vegetation 

combined (i.e. for all height classes combined), whereas the variable ‘vegetation 

cover’ was an ordinal-scale estimate of cover for each height class. 
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Table 3.2. Habitat and vegetation characteristics recorded from floodplain sites. 

Characteristic Measurement Notes on methodology Frequency of 

measurement 

Characteristics assessed over whole (0.25 ha) site  

patch size ordinal score (1–5): 

  1: <1 ha 2: 1–5 ha 

  3: 5–50 ha 4: 50–500 ha 

  5: >500 ha 

An estimate of the contiguous area of sampled habitat type or para 

grass level. Estimated on-ground and/or from vegetation maps. 

KB sites only; recorded 

once during the study 

distance to 

permanent water  

ordinal score (0–4): 

  0: 0m  1: <50m 

  2: 50–500m   3: 0.5–5km 

  4: >5km 

The distance to the nearest permanent water (including artificial 

sources) in most dry seasons was estimated from information from 

local land managers. 

KB sites only; recorded 

once during the study 

distance to dry 

ground in the wet 

season 

ordinal score (0–4); same as 

above 

 

An estimate of the distance to the nearest area of dry ground (i.e. land 

that is not usually inundated for an extended period in most wet 

seasons). Estimated using vegetation maps and information from 

local land managers.  

recorded once during the 

study 

distance to non-para 

grass patch 

distance in km Minimum distance to an area of similar habitat (minimum size 1ha) 

without para grass present (<10% cover), estimated from para grass 

maps. 

recorded once during the 

study 
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Table 3.2. Continued. 

Characteristic Measurement Notes on methodology Frequency of 

measurement 

distance to dense 

para grass patch 

distance in km Minimum distance to an area of dense para grass (>50% cover, 

minimum size 1 ha) estimated from para grass maps. 

recorded once during the 

study 

conductivity ordinal score (1–3) Conductivity (μS) was measured from soil samples on DIPE sites 

only (see Bach 2002 for detailed notes on methods). Mean site 

conductivity was calculated from all soil samples measured during 

dry season surveys and values were re-scored as follows: 

1: 0–200μS; 2: 201–500μS; 3: >500μS. 

Conductivity scores for KB sites were based on scores from the 

closest DIPE sites (maximum distance 1.5km). Ordinal scores were 

used in analyses. 

recorded each survey 

(DIPE sites); estimated 

once for KB sites 

grazing disturbance 

intensity  

ordinal score (0–5) for each 

source (pigs and cattle/ 

buffalo) 

 

An estimate of the intensity of disturbance attributable to pigs and 

cattle/buffalo grazing (including rooting, trampling, cropped 

vegetation): 0: no visible impact; 1: disturbance present but minimal 

effect on habitat; 2–4: low to moderate to high impact; 5: major 

impact affecting all of the site. 

Scores were summed to give a combined grazing disturbance score 

out of ten. 

dry season surveys only 



Chapter 3. Effects of para grass on floodplain habitat 

60 

Table 3.2. Continued. 

Characteristic Measurement Notes on methodology Frequency of 

measurement 

water depth depth in m Where water was present, depth was measured (to 0.01 m) with a 

marked pole, at two or more locations within the site. Mean depth 

was recorded. 

wet season surveys only 

species richness count A visual assessment of the whole site (with the aid of a botanist) was 

done to compile a comprehensive plant species list.  

Species richness was subdivided into native and exotic species 

(excluding para grass); native species were further subdivided into 

three growth forms (grasses, sedges and all other species). Species 

recorded during assessment of 1m
2
 quadrats were included. 

each survey 

average vegetation 

height (dom. species) 

height in m An estimate of the average height (from ground level cf. water level) 

of the dominant plant species across the whole site. 

each survey; KB sites 

only 

vegetation cover ordinal score (0–6) in each of 

three height classes 

 

An estimate of the % cover of vegetation in the following height 

classes: 0–0.5m, 0.5–1.0m, 1–3m.  

Scores for cover ranges were: 

0: 0%  1: <5%  2: 5–10% 3: 10–25% 

4: 25–50%  5: 50–75% 6: >75% 

each survey; KB sites 

only 
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Table 3.2. Continued. 

Characteristic Measurement Notes on methodology Frequency of 

measurement 

Characteristics assessed in 1m
2
 quadrats. 20 (KB sites) or 40 (DIPE sites) quadrats per site  

relative proportion of 

different ground 

covers 

% cover of each of: bare 

ground, litter, total plant 

cover*, water 

Sum total of all cover types in each quadrat = 100%. Odd numbered 

quadrats from DIPE sites were excluded from analyses. 

each survey for KB sites; 

dry season surveys only 

for DIPE sites 

cover of individual 

plant species  

ordinal score (0–8) Score based on a cover/abundance scale adapted from the Braun-

Blanquet/Daubenmire method described by Mueller-Dombois and 

Ellenberg (1974). Class mid-points for each cover range (shown in 

parentheses) were used to calculate means: 

0: 0%    1: <1% , single plant (0.1%) 

2: <1%, few plants (0.5%) 3: 1– <5% (3%)  

4: 5– <25% (15%)  5: 25– <50% (38%) 

6: 50– <75% (63%)  7: 75– <95% (85%) 

8: 95–100% (98%) 

Species present on a site but not recorded in any quadrat were given a 

nominal cover of 0.001%. Odd numbered quadrats from DIPE sites 

were excluded from analyses; mean values were used in analyses. 

each survey for KB sites; 

dry season surveys only 

for DIPE sites 

* Total plant cover was a % estimate of all ground-layer vegetation combined (i.e. this was not done for multiple height classes, as for the scores of ‘vegetation cover’). 
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Figure 3.1. Map of the Mary River floodplain (shaded) showing the location of study 

sites. Sites surveyed by the author and DIPE are labelled ‘KB sites’ and ‘DIPE sites’, 

respectively. The boundary of the Mary River Conservation Reserve is also shown 

(black line). 
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Scores for grazing disturbance (pig/cattle/buffalo combined) and water depth were 

included as additional predictor variables in some analyses as these factors were also 

thought to influence site characteristics. The general form of models was as follows: 

response variable ~ para grass cover + additional predictor variable (e.g. water 

depth). Interaction terms (i.e. para grass cover * grazing disturbance or water depth) 

were also included, and all GLMs used a Gaussian error distribution with an identity 

link. 

Fine-scale habitat heterogeneity 

GLM was also used to analyse fine-scale site habitat heterogeneity. The quadrat data 

from one wet and one dry season survey per site (chosen at random) were used to 

calculate the coefficient of variation (CV) for each general ground cover type (i.e. 

plant, litter, bare ground, water) for each site. Also, floristic similarity (using the 

Bray-Curtis index) between all pairs of quadrats was calculated from presence-

absence data and then averaged for each site. The effect of para grass cover, grazing 

disturbance and water depth on general cover CV and average within-site floristic 

similarity was analysed using GLM, as described above. 

Individual plant species 

A subset of major species was determined from cover scores of floodplain plant 

species. Major species were defined as those for which the cumulative cover was 

≥80% of the total non-para grass plant cover on each site, for most (~90%) sites. The 

association between para grass cover, grazing disturbance and water depth and 

‘abundance’ of major species was tested using GLMs, as described above. Another 

exotic pasture species of management concern, Olive Hymenachne (Hymenachne 

amplexicaulis), was also included in these analyses, even though it was not a major 

species in the study area. The frequency of occurrence of the remaining plant species 

in relation to the presence/absence of para grass was analysed using the Fisher exact 

test. Patterns of species occurrence across para grass levels were assessed 

qualitatively. 
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Floristic composition 

Variation among sites in plant species composition (presence-absence records of all 

species with a minimum frequency of two sites, excluding para grass) was analysed 

by non-metric multidimensional scaling (nMDS) using the Bray-Curtis index of 

dissimilarity. Species data from one randomly selected dry season and wet season 

survey for each site were included in analyses of composition. Analysis of 

similarities (ANOSIM) was conducted to determine whether there were statistical 

differences in plant species composition across varying levels of para grass cover 

(i.e. ‘para grass level’, as defined in Table 3.1), and in relation to grazing disturbance 

and water depth. Grazing disturbance and water depth were measured on ordinal or 

ratio scales (Table 3.2) but were reclassified to simplified ordinal scales for the 

ANOSIM (see results for details). Distinction in species composition was assessed in 

relation to R values rather than probabilities because R values give an absolute 

measure of how separated groups are on a scale of zero (indistinguishable) to one (all 

similarities within a group are less than any similarity between groups), whereas 

probability values can often be low because of few replicates in each group (Clarke 

and Gorley 2001). Where there was evidence of difference in species composition, 

follow-up analyses to determine which species were typical of a group were 

performed by calculating the contribution of each species to the within-group 

similarity, using the ‘SIMPER’ (similarity percentages) routine in Primer. 

Species accumulation curves 

Species accumulation curves were produced using the ‘Species-Area Plot’ function 

in Primer. In this analysis, accumulated species richness is calculated for one to n 

randomly selected sites, where n is total number of sites in each group, and averaged 

over a maximum number of (user-specified) permutations (Clarke and Gorley 2001). 

The resultant plot shows mean cumulative species richness as a function of the 

number of sites surveyed (simulated for 1 to n-1 sites), with the maximum value 

being the actual cumulative species richness from the total number of sites. Species 

accumulation curves were produced using the cumulative species list for each site 

(i.e. all species recorded from two to four surveys per site over the course of the 

entire study) in each para grass level. All species except para grass were included 
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(i.e. no minimum frequency of occurrence) and a maximum of 10 000 permutations 

was used to calculate means. Curves for each para grass level were plotted on the 

same graph to facilitate qualitative comparisons of species accumulation patterns 

among the varying levels of para grass infestation. Species accumulation curves were 

also produced for sites classified by grazing disturbance and water depth to assess 

patterns in relation to these factors. 

Assessment of statistical significance 

As the analytical approach employed in this study involved a large number of tests 

(i.e. many GLMs of habitat variables or plant species), the probability of making a 

Type I error (i.e. rejecting the null hypothesis when it is correct) was increased. 

Therefore, the commonly used α significance level of 0.05 was considered too 

liberal. A common adjustment used in such situations is the Bonferroni’s correction, 

which reduces α in proportion to the number of comparisons (Crawley 2002). 

However, Bonferroni’s correction can produce a very low α which may increase the 

probability of making a Type II error (i.e. accepting the null hypothesis when it is 

false), without taking into account the number of statistical tests below the assigned α 

value. Furthermore, it has been criticised in the literature on the basis of 

mathematical, logical and practical weaknesses (e.g. Moran 2003). There also 

appears to be little consensus among authors regarding exactly how and when to use 

Bonferroni’s correction (Cabin and Mitchell 2000). Hence Bonferroni corrections 

were not applied during this study, instead results were interpreted in relation to an 

‘intermediate’ significance level of α = 0.01, although a range of diagnostic 

techniques were used to assess the strength of any trends (e.g. % deviance explained 

in GLMs, visual assessment of scatterplots). 



Chapter 3. Effects of para grass on floodplain habitat 

66 

3.3. Results 

3.3.1. General habitat characteristics 

Correlation tests revealed a significant positive association between para grass cover 

and the distance to permanent water and a significant negative correlation with the 

distance to dense para grass cover (Table 3.3, Fig. 3.2). No other landscape-scale 

characteristics, including those used as additional predictor variables (grazing 

disturbance and water depth) were significantly correlated with para grass cover 

(Table 3.3). However, para grass cover was zero on sites with wet season water 

depths greater than one metre (Fig. 3.2). These results suggest that para grass prefers 

drier parts of the floodplain and that cover decreases with increasing distance from 

dense (source) infestations. 

Using Generalised Linear Modelling I found little evidence of an effect of para grass 

cover on general ground cover variables (bare ground, litter, etc) with no coefficients 

(slopes) significantly different from zero and the percentage of deviance explained 

was very low (<10%), in both seasons (Table 3.4, Fig. 3.3). Grazing disturbance had 

a significant (negative) association with one variable only – bare ground cover. 

Water depth was not significantly associated with ground cover in the wet season. 

Interactions between para grass cover and grazing disturbance or water depth were 

non-significant for all variables; to aid clarity, interactions were not shown with 

GLM results in Table 3.4. 

Analyses of fine-scale habitat heterogeneity (quadrat data) yielded similar results 

with para grass cover, grazing disturbance, water depth and interactions all having no 

significant association with coefficient of variation (CV) scores for ground cover 

variables, nor average floristic similarity scores (Table 3.5). However, a few trends 

were worth noting. Model coefficients for para grass cover were negative in most 

cases, and for plant cover CV, this effect was almost significant (Fig. 3.4). Similarly, 

the (positive) association between para grass cover and average floristic similarity 

was almost significant (Fig. 3.4).
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Table 3.3. Spearman rank correlation test results for general site characteristics versus para grass cover (PARA), combined grazing disturbance 

(GRAZ), and water depth (WATDEP). PARA and GRAZ were the mean values from all surveys per site; WATDEP was the mean from wet 

season surveys only. Values shown are estimates of the correlation coefficient, rho (ρ), Z values and associated probabilities (statistically 

significant results are indicated by * for P<0.01 or ** for P<0.001). 

Site characteristic PARA GRAZ WATDEP 

patch size ρ =0.65, Z=2.53, P=0.01 ρ =0.15, Z=0.54, P=0.59 ρ =-0.27, Z=-1.06, P=0.29 

distance to permanent water ρ =0.67, Z=2.93, P<0.01* ρ =0.70, Z=2.78, P<0.01* ρ =-0.44, Z=-1.93, P=0.05 

distance to dry ground ρ =-0.09, Z=-0.44, P=0.66 ρ =-0.39, Z=-1.95, P=0.05 ρ =0.08, Z=0.39, P=0.70 

distance to non-para grass patch
$
 ρ =-0.43, Z=-1.43, P=0.15 ρ =-0.09, Z=-0.30, P=0.77 ρ =-0.15, Z=-0.50, P=0.62 

distance to dense para grass patch
^
 ρ =-0.79, Z=-4.12, P<0.001** ρ =-0.05, Z=-0.25, P=0.81 ρ =0.36, Z=1.84, P=0.07 

conductivity ρ =0.20, Z=1.09, P=0.28 ρ =0.45, Z=2.31, P=0.02 ρ =-0.41, Z=-2.26, P=0.02 

GRAZ ρ =0.38, Z=1.97, P=0.05   

WATDEP ρ =-0.30, Z=-1.64, P=0.10 ρ =-0.19, Z=-0.98, P=0.33  

$ Sites with no para grass present [n=19] were excluded from analyses 

^ Sites with high-level para grass cover [n=3] were excluded from analyses 
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Figure 3.2. Para grass cover versus distance to permanent water, combined grazing 

disturbance and water depth. A scatter plot of grazing disturbance versus water depth 

is also shown. 
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Table 3.4. Generalised Linear Modelling results of general ground cover (%) versus 

para grass cover, grazing disturbance and water depth. Dry season models used 

PARA and GRAZ as predictor variables; wet season models used PARA and 

WATDEP. Models were constructed as follows: 1: response variable ~ PARA; 2: 

response variable ~ PARA + GRAZ (dry) or  ~ PARA + WATDEP (wet). Dry 

season models used mean values of PARA and GRAZ from all dry season surveys, 

and wet season models used mean values of PARA and WATDEP from all wet 

season surveys, per site. Results shown
$
 are coefficients, t values and associated 

probabilities for each predictor variable (statistically significant results are indicated 

by * for P<0.01 or ** for P<0.001); and % deviance explained
^
 by each model. 

Percentage cover variables (including PARA) were arcsine-transformed
+
. All models 

used a Gaussian error distribution with identity link. 

Habitat Variable Model  % dev. 

exp. 

PARA GRAZ WATDEP 

bare ground 

cover 

dry 1  9.1 4.79, t=1.31 

df=24, P=0.20 

  

  2  47.0 6.28, t=1.89, 

df=23, P=0.07 

-1.91, t=-3.63, 

df=23, P<0.01* 

 

 wet n. a.      

water cover dry n. a.      

 wet 1  20.4 0.26, t=2.72, 

df=29, P=0.01 

  

  2  21.0 0.25, t=2.40, 

df=28, P=0.02 

 -0.03, t=-0.47, 

df=28, P=0.64 

litter cover dry 1  0.6 0.03, t=0.37, 

df=24, P=0.71 

  

  2  1.6 0.02, t=0.18, 

df=23, P=0.86 

0.01, t=0.48, 

df=23, P=0.64 

 

 wet 1  3.2 0.08, t=0.97, 

df=29, P=0.34 

  

  2  18.0 0.02, t=0.27, 

df=28, P=0.79 

 -0.10, t=-2.25, 

df=28, P=0.03 
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Table 3.4. Continued. 

Habitat Variable Model  % dev. 

exp. 

PARA GRAZ WATDEP 

total plant 

cover (incl. 

para grass) 

dry 1  2.7 0.09, t=0.82, 

df=24, P=0.42 

  

  2  22.6 0.18, t=1.67, 

df=23, P=0.11 

-0.08, t=-2.43, 

df=23, P=0.02 

 

 wet 1  18.5 -0.29, t=0.02, 

df=29, P=0.02 

  

  2  20.1 -0.26, t=2.18, 

df=28, P=0.04 

 0.05, t=0.74, 

df=28, P=0.47 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without 

the interaction terms because all interactions were found to be non-significant. 

^ % deviance explained was calculated as follows: %1001 
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Residual

 Deviance

 Deviance  

+ The following arcsine transformation was used as it yields preferable results when raw values are 

close to the extremes (i.e. 0 and 100%) (Zar 1984): 
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Figure 3.3. Bare ground, water, litter and plant cover versus para grass cover. Open 

circles = dry season; solid circles = wet season. 

0

10

20

30

40

50

0 20 40 60 80 100

b
ar

e 
g

ro
u
n

d
 (

%
)

0

10

20

30

40

50

0 20 40 60 80 100

w
at

er
 c

o
v
er

 (
%

)

0

10

20

30

40

50

60

0 20 40 60 80 100

para grass cover (%)

li
tt

er
 c

o
v
er

 (
%

)

0

20

40

60

80

100

0 20 40 60 80 100

para grass cover (%)

p
la

n
t 

co
v
er

 (
%

)



Chapter 3. Effects of para grass on floodplain habitat 

72 

Table 3.5. Generalised Linear Modelling results of general cover coefficient of 

variation (CV) and floristic similarity scores from quadrats, versus para grass cover, 

grazing disturbance and water depth. Models were constructed as described for Table 

3.4. Results shown
$
 are coefficients, t values and associated probabilities for each 

predictor variable (statistically significant results are indicated by * for P<0.01 or ** 

for P<0.001); and % deviance explained by each model. PARA was arcsine-

transformed. For sites that recorded cover scores of zero in all quadrats for a 

particular variable, CV could not be calculated; these sites were excluded from 

analyses. 

CV Variable  Model  % dev. 

exp. 

PARA GRAZ WATDEP 

bare cover CV dry 1  1.4 0.53, t=0.49, 

df=17, P=0.63 

  

  2  1.8 0.56, t=0.50, 

df=16, P=0.62 

-0.08, t=-0.24, 

df=16, P=0.81 

 

 wet n. a.      

water cover CV dry n. a.      

 wet 1  0.6 0.15, t=0.25, 

df=11, P=0.81 

  

  2  44.2 -0.71, t=-1.23, 

df=10, P=0.25 

 -2.45, t=-2.79, 

df=10, P=0.02 

litter cover CV dry 1  1.8 -0.12, t=-0.66, 

df=24, P=0.52 

  

  2  12.9 -0.24, t=-1.27, 

df=23, P=0.22 

0.08, t=1.72, 

df=23, P=0.10 

 

 wet 1  13.4 -0.47, t=-1.47, 

df=14, P=0.16 

  

  2  14.0 -0.39, t=-0.83, 

df=12, P=0.42 

 0.19, t=0.28, 

df=12, P=0.79 

plant cover CV dry 1  7.9 -0.15, t=-1.43, 

df=24, P=0.17 

  

  2  25.7 -0.25, t=-2.32, 

df=23, P=0.03 

0.06, t=2.35, 

df=23, P=0.03 

 

 wet 1  19.3 -0.18, t=-1.83, 

df=14, P=0.09 

  

  2  44.4 -0.03, t=-0.29, 

df=12, P=0.77 

 0.34, t=2.09, 

df=12, P=0.06 
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Table 3.5. Continued. 

CV Variable  Model  % dev. 

exp. 

PARA GRAZ WATDEP 

average floristic 

similarity 

dry 1  13.3 14.89, t=1.92, 

df=24, P=0.07 

  

  2  25.2 20.44, t=2.59, 

df=23, P=0.02 

-3.56, t=-1.91, 

df=23, P=0.07 

 

 wet 1  16.0 15.63, t=1.64, 

df=14, P=0.12 

  

  2  20.8 22.69, t=1.72, 

df=12, P=0.11 

 16.34, t=0.83, 

df=12, P=0.42 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without 

the interaction terms because all interactions were found to be non-significant. 

+ wet season data were for KB sites only [n=16] 
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Figure 3.4. Plant cover coefficient of variation (CV) and floristic similarity versus 

para grass cover and combined grazing disturbance. Open circles = dry season; solid 

circles = wet season. 
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These trends indicate that as para grass cover increases, habitat and floristic 

heterogeneity generally decreases, although not significantly so (at α = 0.01). 

3.3.2. Plant species richness and vegetation structure 

There was a significant negative association between para grass cover and native 

plant species richness but no significant association with exotic plant richness 

(excluding para grass) (Table 3.6). Analysis of species richness of different native 

growth forms showed that the strongest trends were for grasses (particularly in the 

dry season) and ‘other’ species (Fig. 3.5). At low to moderate levels of para grass 

cover (up to 40%), total native species richness was less than four species and at high 

levels (>60%), less than two species (Fig. 3.6). Grazing disturbance was not 

associated with any richness measure in the dry season, whereas in the wet season, 

native sedge and exotic plant richness showed a significant negative trend associated 

with water depth (Table 3.6). The relative influence of para grass and grazing on 

native species richness is summarised in Table 3.7, which shows simple comparisons 

between sites with the lowest versus highest level of each type of disturbance. Mean 

total native species richness was reduced by 79% in sites with high-level para grass 

cover, whereas mean total richness was only 25% lower on sites with the highest 

level of grazing disturbance. 

The influence of cover of the most prevalent native species, Oryza meridionalis, on 

native richness was also examined and this was found to be weakly negative but non-

significant (GLM results: Oryza coefficient -0.25, t=-1.96, df=24, P=0.062, % dev. 

exp. 13.9 (dry season); -0.05, t=-0.42, df=29, P=0.680, % dev. exp. 0.6 (wet season)) 

(Fig. 3.6). At high levels of O. meridionalis cover (>60%), total native richness was 

as high as six species in the dry season, and twelve species in the dry season (Fig. 

3.6). 



Chapter 3. Effects of para grass on floodplain habitat 

76 

Table 3.6. Generalised Linear Modelling results of plant species richness and 

vegetation structure variables versus para grass cover, grazing disturbance and water 

depth. Models were constructed as described for Table 3.4. Results shown
$
 are 

coefficients, t values and associated probabilities for each predictor variable 

(statistically significant results are indicated by * for P<0.01 or ** for P<0.001); and 

% deviance explained by each model. PARA was arcsine-transformed and other 

transformations are duly noted. 

Habitat Variable  Model  % dev. 

exp. 

PARA GRAZ WATDEP 

Species richness        

 native species 

(total)
#
 

dry 1  61.2 -0.61, t=-6.15, 

df=24, P<0.001** 

  

   2  61.2 -0.61, t=-5.64, 

df=23, P<0.001** 

-0.002, t=-0.07, 

df=23, P=0.95 

 

  wet 1  43.5 -0.54, t=-4.72, 

df=29, P<0.001** 

  

   2  50.0 -0.61, t=-5.29, 

df=28, P<0.001** 

 -0.12, t=-1.92, 

df=28, P=0.07 

 native grass 

sp.
 #
 

dry 1  46.0 -0.33, t=-4.52, 

df=24, P<0.001** 

  

   2  47.5 -0.35, t=-4.50, 

df=23, P<0.001** 

0.02, t=0.82, 

df=24, P=0.42 

 

  wet 1  22.4 -0.29, t=-2.90, 

df=29, P<0.01* 

  

   2  27.7 -0.33, t=-3.25, 

df=28, P<0.01* 

 -0.08, t=-1.42, 

df=28, P=0.17 

 native sedge 

sp.
 #
 

dry 1  22.3 -0.28, t=-2.62, 

df=24, P=0.02 

  

   2  22.4 -0.27, t=-2.36, 

df=23, P=0.03 

-0.01, t=-0.19, 

df=23, P=0.85 

 

  wet 1  10.0 -0.21, t=-1.79, 

df=29, P=0.08 

  

   2  30.3 -0.31, t=-2.79, 

df=28, P<0.01* 

 -0.17, t=-2.83, 

df=28, P<0.01* 

 native sp. 

(other)
 #
 

dry 1  40.8 -0.54, t=-4.07, 

df=24, P<0.001** 

  

   2  41.5 -0.51, t=-3.59, 

df=23, P<0.01* 

-0.02, t=-0.52, 

df=23, P=0.61 

 

  wet 1  42.1 -0.57, t=-4.59, 

df=29, P<0.001** 

  

   2  43.5 -0.60, t=-4.59, 

df=28, P<0.001** 

 -0.06, t=-0.83, 

df=28, P=0.41 
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Table 3.6. Continued. 

Habitat Variable  Model  % dev. 

exp. 

PARA GRAZ WATDEP 

 exotic species
#
 dry 1  13.7 -0.22, t=-1.95, 

df=24, P=0.06 

  

   2  14.2 -0.20, t=-1.68, 

df=23, P=0.11 

-0.01, t=-0.36, 

df=23, P=0.72 

 

  wet 1  1.3 0.09, t=0.62, 

df=29, P=0.54 

  

   2  25.4 -0.04, t=-0.30, 

df=28, P=0.77 

 -0.22, t=-3.01, 

df=28, P<0.01* 

        

Average height of 

vegetation (m)
 #^

 

dry 1  59.0 -0.10, t=-3.79, 

df=10, P<0.01* 

  

   2  61.3 -0.09, t=-3.52, 

df=9, P<0.01* 

-0.01, t=-0.74, 

df=9, P=0.48 

 

  wet 1  1.6 -0.02, t=-0.47, 

df=14, P=0.65 

  

   2  49.6 0.04, t=1.46, 

df=13, P=0.17 

 0.19, t=3.53, 

df=13, P<0.01* 

        

Vegetation cover^        

 1–3m dry 1  14.2 -1.02, t=-1.29, 

df=10, P=0.23 

  

   2  15.0 -0.98, t=-1.16, 

df=9, P=0.28 

-0.15, t=-0.28, 

df=9, P=0.79 

 

  wet 1  1.8 -0.31, t=-0.50, 

df=14, P=0.62 

  

   2  25.8 0.47, t=0.69, 

df=13, P=0.50 

 2.51, t=2.05, 

df=13, P=0.06 

 0.5–1m dry 1  13.2 -0.65, t=-1.24, 

df=10, P=0.25 

  

   2  18.1 -0.58, t=-1.06, 

df=9, P=0.32 

-0.26, t=-0.73, 

df=9, P=0.48 

 

  wet 1  11.4 0.68, t=1.35, 

df=14, P=0.20 

  

   2  20.3 1.08, t=1.81, 

df=13, P=0.09 

 1.31, t=1.20, 

df=13, P=0.25 
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Table 3.6. Continued. 

Habitat Variable  Model  % dev. 

exp. 

PARA GRAZ WATDEP 

 0–0.5m dry 1  1.2 0.15, t=0.35, 

df=10 P=0.73 

  

   2  16.2 0.25, t=0.58, 

df=9, P=0.58 

-0.35, -1.27, 

df=9, P=0.24 

 

  wet 1  4.0 -0.55, t=-0.76, 

df=14, P=0.46 

  

   2  4.0 -0.57, t=-0.63, 

df=13, P=0.54 

 -0.05, t=-0.03, 

df=13, P=0.98 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without 

the interaction terms because all interactions were found to be non-significant. 

# log-10 transformed; ^ recorded on KB sites only [n=16] 
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Figure 3.5. Species richness of native grasses, native sedges, other native species and 

total exotic species versus para grass cover. Open circles = dry season; solid circles = 

wet season. 
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Figure 3.6. Total native species richness versus para grass and Oryza meridionalis 

cover. Open circles = dry season; solid circles = wet season. 
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Table 3.7. Comparison of mean total native species richness for sites least and most 

disturbed by para grass and grazing. Standard errors (in parentheses) and the 

percentage decrease in species richness (from least to most disturbed) are also 

shown. Species richness included all native species from dry and wet season surveys. 

‘Least’ disturbed sites were defined as those with no para grass (i.e. para grass level 

‘None’) and minimal grazing (scores <1.5). ‘Most’ disturbed sites were defined as 

sites with high para grass cover (i.e. para grass level ‘High’) and moderate grazing 

(scores ≥ 2.75). 

Disturbance 

factor 

Mean total 

native species 

richness for 

least disturbed 

sites  

Mean total 

native species 

richness for 

most disturbed 

sites 

Percentage 

decrease in species 

richness 

Para grass 8.7 (0.7) 1.8 (0.5) 79 

Grazing 8.3 (1.0) 6.2 (1.2) 25 
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Figure 3.7. Average vegetation height versus para grass cover and water depth. Open 

circles = dry season; solid circles = wet season. 
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There was no significant trend between para grass cover, grazing disturbance and 

water depth and vegetation cover when cover separated into different height classes 

(Table 3.6). Interactions between para grass cover and grazing disturbance or water 

depth were non-significant for all species richness and vegetation structure variables. 

3.3.3. Individual plant species 

A total of 80 plant species, including para grass, was recorded during the entire 

study. The seven major species were all native and consisted of four grass, two sedge 

and one herb species. Cover of the major species and Hymenachne amplexicaulis, 

which was also included in the analyses, appeared to decline with increasing para 

grass cover in both seasons. However, using GLM, I found no significant negative 

association with para grass cover alone (Table 3.8, Fig. 3.8). The only significant 

effects detected were in models combining para grass cover and grazing disturbance 

(for Pseudoraphis spinescens and Hymenachne amplexicaulis) or water depth 

(Hymenachne acutigluma). Interactions between para grass cover and grazing 

disturbance or water depth were non-significant for all species cover variables. 

The pattern of occurrence of all species (excluding para grass) across para grass 

levels (as defined in Table 3.1) is shown in Table 3.9. Approximately 58% of species 

(40 native, 6 exotic) were only ever recorded on sites with no para grass present. 

Many of these species were rare, with 22 being recorded once only. Nine species (all 

native) were recorded on sites with high levels of para grass cover. The nine other 

exotic species recorded were found only on sites with moderate or no para grass 

cover. In spite of these trends, using Fisher exact tests I found no significant 

associations between frequency of occurrence of any species and the presence or 

absence of para grass. 
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Table 3.8. Generalised Linear Modelling results of percentage cover of major plant 

species (and Hymenachne amplexicaulis) versus para grass cover, grazing 

disturbance and water depth. Models were constructed as described for Table 3.4. 

Results shown
$
 are coefficients, t values and associated probabilities for each 

predictor variable (statistically significant results are indicated by * for P<0.01 or ** 

for P<0.001); and % deviance explained by each model. Percentage cover variables 

(including PARA) were arcsine-transformed. 

Species  Model  % dev. 

exp. 

PARA GRAZ WATDEP 

Eleocharis 

dulcis 

dry 1  1.0 -0.03, t=-0.48, 

df=24, P=0.64 

  

  2  7.4 -0.06, t=-0.89, 

df=23, P=0.38 

0.02, t=1.26, 

df=23, P=0.22 

 

 wet 1  0.04 -0.01, t=-0.11, 

df=29, P=0.92 

  

  2  10.2 -0.09, t=-0.67, 

df=28, P=0.51 

 -0.13, t=-1.78, 

df=28, P=0.09 

Eleocharis 

sphacelata 

dry n. a.
+
      

 wet 1  1.5 -0.06, t=-0.66, 

df=29, P=0.51 

  

  2  13.1 -0.0004, t=-0.04, 

df=28, P=0.97 

 0.10, t=1.94, 

df=28, P=0.06 

Hymenachne 

acutigluma 

dry 1  9.6 -0.27, t=-1.60, 

df=24, P=0.12 

  

  2  30.6 -0.19, t=-1.07, 

df=23, P=0.30 

-0.07, t=-1.36, 

df=23, P=0.19 

 

 wet 1  6.7 -0.32, t=-1.45, 

df=29, P=0.16 

  

  2  61.0 -0.01, t=-0.10, 

df=28, P=0.92 

 0.53, t=6.25, 

df=28, P<0.001** 

Hymenachne 

amplexicaulis 

dry 1  6.1 -0.08, t=-1.24, 

df=24, P=0.23 

  

  2  11.8 -0.10, t=-1.60, 

df=23, P=0.12 

0.02, t=1.22, 

df=23, P=0.24 

 

 wet 1  3.0 -0.04, t=-0.95, 

df=29, P=0.35 

  

  2  7.0 -0.05, t=-1.25, 

df=28, P=0.22 

 -0.03, t=-1.09, 

df=28, P=0.29 
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Table 3.8. Continued. 

Species  Model  % dev. 

exp. 

PARA GRAZ WATDEP 

Leersia 

hexandra 

dry 1  4.9 -0.11, t=-1.10, 

df=24, P=0.28 

  

  2  16.4 -0.17, t=-1.69, 

df=23, P=0.11 

0.05, t=1.78, 

df=23, P=0.09 

 

 wet 1  1.2 -0.06, t=-0.60, 

df=29, P=0.55 

  

  2  3.1 -0.09, t=-0.80, 

df=28, P=0.43 

 -0.05, t=-0.74, 

df=28, P=0.47 

Ludwigia 

adscendens 

dry 1  4.6 -0.05, t=-1.07, 

df=24, P=0.29 

  

  2  4.7 -0.05, t=-0.93, 

df=23, P=0.36 

-0.003, t=-0.16, 

df=23, P=0.87 

 

 wet 1  4.8 -0.12, t=-1.21, 

df=29, P=0.24 

  

  2  5.4 -0.13, t=-1.17, 

df=28, P=0.22 

 -0.02, t=-0.43, 

df=28, P=0.67 

Oryza 

meridionalis 

dry 1  0.01 -0.01, t=-0.04, 

df=24, P=0.97 

  

  2  1.5 -0.06, t=-0.24, 

df=23, P=0.81 

0.04, t=0.60, 

df=23, P=0.56 

 

 wet 1  7.5 -0.33, t=-1.53, 

df=29, P=0.14 

  

  2  14.4 -0.43, -1.96, 

df=28, P=0.06 

 -0.18, t=-1.50, 

df=28, P=0.14 

Pseudoraphis 

spinescens 

dry 1  5.7 -0.09, t=-1.21, 

df=24, P=0.24 

  

  2  14.4 -0.13, t=-1.69, 

df=23, P=0.11 

0.03, t=1.53, 

df=23, P=0.14 

 

 wet 1  1.5 -0.05, t=-0.66, 

df=29, P=0.51 

  

  2  15.5 0.002, t=0.03, 

df=28, P=0.98 

 0.10, t=2.16, 

df=28, P=0.87 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without 

the interaction terms because all interactions were found to be non-significant. 

+ E. sphacelata was recorded on <20% of sites in the dry season therefore no analyses were 

performed 
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Figure 3.8. Percentage cover of seven major plant species and Hymenachne 

amplexicaulis (y-axis) versus para grass cover (x-axis). Open circles = dry season; 

solid circles = wet season. 
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Table 3.9. Records of all floodplain plant species (excluding para grass) across para 

grass levels. Para grass levels were defined as: None (para grass absent), Moderate 

(≤40% para grass cover) and High (>40% para grass cover). Values are the number 

of sites a species was recorded on and the total number of sites in each para grass 

level is shown in parentheses. The cumulative number of species recorded in each 

para grass level is also provided. Exotic species are indicated by boldface. 

Species None (19) Moderate (9) High (3) 

Aeschynomene aspera 1 0 0 

Aeschynomene indica 3 0 0 

Aldrovanda vesiculosa 5 2 0 

Alysicarpus vaginalis 1 0 0 

Aniseia martinicensis 0 1 0 

Azolla pinnata 3 0 0 

Bothriochloa bladhii 1 0 0 

Caldesia oligococca 2 0 0 

Cardiospermum halicacabum 1 1 0 

Cayratia sp. 1 0 0 

Ceratophyllum demersum 1 0 0 

Coldenia procumbens 3 0 0 

Commelina agrostophylla 2 0 0 

Cucumis melo 1 0 0 

Cyanotis axillaries 5 0 0 

Cynanchum carnosum 1 0 0 

Cynodon dactylon 1 0 0 

Cyperus difformis 1 1 0 

Cyperus iria 2 0 0 

Cyperus javanicus 2 2 0 

Cyperus platystylis 5 1 0 

Cyperus scariosus 3 0 0 

Echinochloa colona 2 0 0 

Echinochloa elliptica 1 2 1 

Ecliptica prostrata 1 0 0 

Eleocharis dulcis 9 7 1 

Eleocharis sphacelata 9 2 1 

Eleocharis spiralis 2 3 0 

Eleocharis sundaica 2 0 0 

Eleocharis sp D1486 2 0 0 

Eriochloa procera 1 0 0 

Euphorbia vachellii 1 0 0 

Fimbristylis littoralis 2 0 0 

Glinus oppositifolius 2 1 0 

Gymnanthera oblonga 1 0 0 

Heliotropium indicum 3 0 0 
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Table 3.9. Continued. 

Species None (19) Moderate (9) High (3) 

Heliotropium ovalifolium 1 0 0 

Hydrilla verticillata 1 0 0 

Hygrophila angustifolia 4 0 0 

Hymenachne acutigluma 12 4 0 

Hymenachne amplexicaulis 5 2 0 

Ipomoea aquatica 15 6 2 

Leersia hexandra 11 9 1 

Leptochloa fusca subsp. fusca 2 1 0 

Leptochloa neesii 1 0 0 

Ludwigia adscendens 15 7 2 

Ludwigia hyssopifolia 2 0 0 

Ludwigia perennis 3 0 0 

Maidenia rubra 2 0 0 

Malachra fasciata var. lineariloba 5 1 0 

Marsilea crenata 3 0 0 

Marsilea drummondii 1 0 0 

Melochia corchorifolia 4 3 1 

Merremia gemella 3 1 0 

Merremia hederacea 1 0 0 

Mimosa pigra 2 0 0 

Monochoria vaginalis 3 1 0 

Nymphaea pubescens 2 0 0 

Nymphaea violacea 3 1 0 

Nymphoides indica 1 0 0 

Oryza meridionalis 16 9 3 

Oryza rufipogon 1 0 0 

Panicum decompositum 2 0 0 

Panicum luzonense 1 1 0 

Paspalum scrobiculatum 4 1 0 

Passiflora foetida 2 0 0 

Persicaria attenuata 10 4 0 

Persicaria barbata 1 1 0 

Phyla nodiflora 7 1 0 

Phyllanthus urinaria 1 0 0 

Physalis minima 1 0 0 

Pseudoraphis spinescens 10 6 1 

Senna obtusifolia 1 1 0 

Sesbania cannabina 5 4 0 

Spirodela polyrhiza 2 0 0 

Sporobolus virginicus 1 0 0 

Utricularia aurea 6 1 0 

Utricularia gibba 6 1 0 

Vallisneria nana 1 0 0 

Cumulative number of species 78 33 9 
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3.3.4. Floristic composition 

Species recorded on one site only and para grass were excluded from analyses of 

composition (34 sp. dry season, 35 sp. wet season). Ordination plots, which 

graphically represents dissimilarity in species composition among sites (in two-

dimensional space), are shown in Figs 3.9 and 3.10. The greater the distance between 

sites in the ordination plot, the greater the dissimilarity in species composition. The 

ordination plots show some evidence of distinction in species composition among 

para grass levels, with this distinction more pronounced in the dry season than in the 

wet season (Fig. 3.9). However, results of ANOSIM provided little statistical 

evidence of difference in species composition among para grass levels (Table 3.10). 

Global R statistics were <0.25 for both seasons, although pair-wise comparisons 

between para grass levels indicated some compositional distinction (R statistics 

>0.25) between the high and moderate para grass levels, in the dry season, and 

between the high and non-infested para grass levels, in the wet season. Other pair-

wise comparisons had low R statistic values (<0.25), indicating minimal distinction 

in species composition. 

Table 3.11 shows that sites without para grass were characterised by a range of 

species and, as para grass level increased, a smaller subset of these species made 

increasingly greater individual contributions to similarity scores. Average within-

para grass level similarity scores generally increased with para grass cover 

(particularly in the dry season), indicating reduced heterogeneity among sites. In 

summary, the results show that, as para grass cover increases, some species disappear 

and hence the composition of sites with high levels of para grass cover is a subset of 

the total (plus para grass), rather than a completely different suite of species. 
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Figure 3.9. Ordination plots of plant species composition in the dry season (top) and 

wet season (bottom), for sites in each para grass level. Points positioned more closely 

to each other have more similar plant communities. 
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Figure 3.10. Ordination plots of plant species composition for dry season sites in 

each grazing disturbance level (top) and for wet season sites in each water depth 

level (bottom). 
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Table 3.10. Summary of results from one-way ANOSIM comparing floodplain plant 

species composition between pairs of para grass levels, for each season. The R 

statistic is an absolute measure of how separated the groups are on a scale of 0 

(indistinguishable) to 1 (all similarities within groups are less than any similarity 

between groups); comparisons showing evidence of distinction are indicated by * for 

0.25 ≤ |R| < 0.50 or ** for |R| ≥ 0.50 (Clarke and Gorley 2001). Average Bray-Curtis 

dissimilarity (%) between pairs and the number of sites in each para grass level are 

also shown. 

Para grass 

level 

Dry 

Global R=0.01, P=0.46 

 Wet 

Global R=0.10, P=0.11 

 None 

(n=17) 

Moderate 

(n=6) 

High
^
 

(n=2) 

 None 

(n=19) 

Moderate 

(n=9) 

High 

(n=3) 

None        

Moderate R=-0.06 

P=0.65 

dissim.=64.9 

   R=0.03 

P=0.31 

dissim.=65.9 

  

High R=0.24 

P=0.12 

dissim.=79.1 

R=0.32* 

P=0.18 

dissim.=52.5 

  R=0.25* 

P=0.05 

dissim.=73.9 

R=0.19 

P=0.16 

dissim.=75.0 

 

^ one site was excluded from analyses because para grass was the only plant species 

recorded 
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Table 3.11. Average among-site similarity and species contributing to the composition of floodplain sites in each para grass level, in each season. 

The species listed collectively contributed up to 80% of the total average similarity among sites within each para grass level. The cumulative 

percentage contribution of each species to the total average Bray-Curtis similarity (in decreasing order of importance) is presented. 

Para grass 

level 

Average % similarity Dry  Wet 

Species Cum. %  Species Cum. % 

None 31.1 (dry), 35.8 (wet) Ludwigia adscendens 

Hymenachne acutigluma 

Oryza meridionalis 

Ipomoea aquatica 

Pseudoraphis spinescens 

Persicaria attenuata 

Leersia hexandra 

Phyla nodiflora 

Eleocharis dulcis 

 

21.6 

34.4 

46.7 

54.5 

62.0 

68.4 

74.1 

79.0 

82.9 

 Oryza meridionalis 

Ludwigia adscendens 

Hymenachne acutigluma 

Persicaria attenuata 

Ipomoea aquatica 

Leersia hexandra 

Pseudoraphis spinescens 

 

29.3 

45.6 

55.8 

65.9 

73.3 

78.4 

83.3 

Moderate 60.3 (dry), 32.0 (wet) Ludwigia adscendens 

Oryza meridionalis 

Eleocharis dulcis 

 

93.9 

 

 Eleocharis dulcis 

Ludwigia adscendens 

Leersia hexandra 

Oryza meridionalis 

Ipomoea aquatica 

 

31.3 

48.1 

63.6 

78.4 

83.4 

High 66.7 (dry), 44.4 (wet) Oryza meridionalis 100.0  Oryza meridionalis 100.0 
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There was no evidence that grazing disturbance influenced species composition 

(Table 3.12, Fig. 3.10). However, water depth was found to have a significant effect 

in the wet season (Table 3.13, Fig. 3.10). Species composition on the shallowest sites 

(level 1: <0.25m) was distinctly different from assemblages found in all other water 

depth levels. As was the case with para grass level, the species composition of sites 

in deeper water appeared to be a subset of the species found in shallower depths 

(Table 3.14). O. meridionalis was again prevalent and made a substantial 

contribution to similarity scores in all water depth levels except the deepest (level 4: 

>1m). 

3.3.5. Species accumulation curves 

Species accumulation curves showed substantial differences in rates of accumulation 

among para grass levels (Fig. 3.11). The total cumulative richness for the non-para 

grass sites was 78 species whereas in the moderate-level sites this figure was almost 

60% lower (33 species), and an order of magnitude lower in the high-level para grass 

sites (9 species). However, these patterns could be explained, in part, by differences 

in sampling effort across para grass levels (i.e. different numbers of sites in each 

level) and hence may be reflections of species-area relationships. Therefore, 

examining differences in the shape of the species accumulation curves (i.e. the rate of 

increase in species richness) provides a more meaningful assessment than total 

cumulative richness. Nevertheless, a comparison of cumulative richness for just three 

sites shows a marked difference among para grass levels, with the cumulative 

richness in the non-para grass level (30) being more than three times higher than in 

the high para grass level (9) (Fig. 3.11). In contrast, examination of the patterns of 

species accumulation in relation to grazing disturbance shows little difference among 

levels (e.g. cumulative richness for 4 sites ranged between 23 and 35 across all 

disturbance levels; Fig. 3.11). Water depth influenced patterns of species 

accumulation with the rate of increase in species richness notably higher for sites in 

the shallowest depth category (level 1), compared to sites in other depth levels (Fig. 

3.11). 
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Table 3.12. Summary of results from one-way ANOSIM comparing floodplain plant 

species composition between pairs of grazing disturbance levels, for dry season 

surveys. Comparisons showing evidence of distinction are indicated by * for 0.25 ≤ 

|R| <0.50 or ** for |R| ≥0.50. Levels were based on combined pig and cattle grazing 

disturbance scores and were defined as follows: None: 0; Minimal: 0< x <1.5; Low: 

1.5≤ x <2.75; Moderate: 2.75≤ x <5 (no scores exceeded 5). Average Bray-Curtis 

dissimilarity (%) between pairs and the number of sites in each grazing disturbance 

level are also shown. Global R=0.04, P=0.30. 

Grazing 

disturbance level 

None 

(n=4) 

Minimal 

(n=4) 

Low 

(n=12) 

Moderate 

(n=5) 

None     

Minimal R=-0.21 

P=0.97 

dissim.=69.3 

   

Low R=0.12 

P=0.22 

dissim.=72.2 

R=0.18 

P=0.12 

dissim.=74.0 

  

Moderate R=0.05 

P=0.35 

dissim.=65.7 

R=0.17 

P=0.18 

dissim.=67.6 

R=-0.14 

P=0.83 

dissim.=57.6 
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Table 3.13. Summary of results from one-way ANOSIM comparing floodplain plant 

species composition between pairs of water depth levels, for wet season surveys. 

Comparisons showing evidence of distinction are indicated by * for 0.25 |R| <0.50 

or ** for |R| 0.50.  Levels were defined as follows: 1: 0 x ≤0.25m; 2: 0.25< x ≤ 

0.5m; 3: 0.5< x ≤1.0m; 4: >1.0m. Average Bray-Curtis dissimilarity (%) between 

pairs and the number of sites in each water depth level are also shown. Global 

R=0.31*, P=0.001. 

Water 

depth level 

1 

(n=7) 

2 

(n=11) 

3 

(n=9) 

4 

(n=4) 

1     

2 R=0.32* 

P=0.01 

dissim.=72.6 

   

3 R=0.71** 

P=0.001 

dissim.=81.5 

R=0.06 

P=0.15 

dissim.=60.5 

  

4 R=0.87** 

P=0.003 

dissim.=89.0 

R=0.23 

P=0.12 

dissim.=69.6 

R=0.07 

P=0.30 

dissim.=53.2 
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Table 3.14. Average among-site similarity and major species contributing to the 

composition of floodplain sites in each water depth level, for wet season surveys. 

The species listed collectively contributed up to 80% of the total average similarity 

among sites within each water depth level. The cumulative percentage contribution 

of each species to the total average Bray-Curtis similarity (in decreasing order of 

importance) is presented. Exotic species are indicated by boldface. 

Water depth 

level 

Average % 

similarity 

Species Cum. % 

1 37.1 

 

Oryza meridionalis 

Eleocharis dulcis 

Melochia corchorifolia 

Sesbania canaibina 

Cyanotis axillaries 

Malachra fasciata var. lineariloba 

Paspalum scrobiculatum 

 

24.5 

45.2 

58.1 

66.3 

73.5 

77.1 

80.7 

2 39.5 

 

Oryza meridionalis 

Eleocharis dulcis 

Leersia hexandra 

Ludwigia adscendens 

Ipomoea aquatica 

 

29.8 

50.1 

66.3 

77.4 

84.5 

3 45.8 

 

Ludwigia adscendens 

Oryza meridionalis 

Hymenachne acutigluma 

Ipomoea aquatica 

Persicaria attenuata 

 

29.4 

54.0 

67.3 

77.8 

85.5 

4 48.7 

 

Persicaria attenuata 

Hymenachne acutigluma 

Ludwigia adscendens 

34.8 

69.6 

83.6 
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Figure 3.11. Cumulative plant species richness for floodplain sites in each para grass 

level, grazing disturbance level and water depth level. 
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3.4. Discussion 

3.4.1. General habitat characteristics 

Broad-scale site characteristics (e.g. distance to dry ground etc.) were generally not 

correlated with the level of para grass cover, although para grass cover tended to 

increase significantly as the distance to permanent water increased. This trend was 

consistent with established knowledge that para grass is best suited to the drier, 

shallower parts of the floodplain (cf. deeper areas of permanent water) (Cowie et al. 

2000). Grazing disturbance also increased significantly with distance to permanent 

water. Therefore it is unlikely that the lower levels of para grass cover in areas close 

to permanent water sources were simply caused by higher grazing pressure. 

The presence of para grass, even at high levels of cover, did not appear to alter 

general environmental characteristics such as the relative proportions of ground 

cover types, or most structural characteristics of vegetation. However, at low levels 

of para grass cover (<20%), the relative proportions of ground cover types appeared 

to be more variable than at higher levels of para grass cover, and fine-scale analysis 

of CV and floristic similarity provided some evidence to support the hypothesis that 

habitat heterogeneity decreases with increasing para grass cover. 

3.4.2. Plant species richness and cover 

There was a strong negative association between para grass cover and native plant 

species richness – for total native richness and richness of most growth forms. 

Furthermore, more than half the species recorded were only found on sites where 

para grass was absent. These results were consistent with other studies on para grass 

or floodplain vegetation in the region (e.g. Braithwaite et al. 1989; Wilson et. al. 

1991, Douglas et al. 2001). Percentage cover of all major species decreased 

(although not significantly so) as the cover of para grass increased, with most 

recording very low or zero cover once para grass cover exceeded 50%. In other 

words, as para grass cover increased, species disappeared leaving a simplified and 

thus homogenised community with very few species persisting once levels of cover 

reached 80%. These results show that para grass is able to outcompete all but the 
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most vigorous native species, and the only species regularly recorded on sites with 

high levels of para grass cover were the two most common native species – Oryza 

meridionalis and Ludwigia adscendens. These two species therefore appear to 

compete successfully, or at least coexist, with para grass at moderate levels of cover. 

Notably, the sedges Eleocharis dulcis and E. sphacelata were not present on any 

sites with high-level para grass cover. 

As mentioned, Oryza spp. are often dominant on Top End floodplains. Therefore, if 

para grass was simply reducing the space available to native species, then a decline 

in species richness with increasing cover of any dominant species, native or exotic, 

could be expected. However, analysis of the effect of one dominant native species, 

O. meridionalis, failed to detect any such trend. It is therefore likely that para grass 

outcompetes species via more complex mechanisms. For example, Douglas et al. 

(2001) noted several differences between para grass and O. meridionalis that may 

contribute to the competitive success of para grass. Para grass was found to have a 

higher leaf to stem surface area ratio (and hence higher photosynthesis capacity), 

higher biomass and more rapid litter decomposition rates, compared to O. 

meridionalis (Douglas et al. 2001). Consequently, dense stands of para grass may 

reduce nutrient and light availability at the soil surface, and these conditions, along 

with physiological attributes, are thought to translate into competitive advantage 

(Pivello et al. 1999; D’Antonio and Mack 2001; Douglas et al. 2001). Para grass has 

also been found to increase fuel loads, which in turn, can lead to more intense fires 

(Douglas and O’Connor 2004). Such changes to the fire regime are likely to enhance 

the competitive advantage of para grass because it rapidly recovers after fire and can 

spread vegetatively and re-establish faster than common native species such as 

Hymenachne acutigluma and O. meridionalis (Cowie et al. 2000; Douglas and 

O’Connor 2004). 

3.4.3. Vegetation structure 

Para grass appeared to have little influence on overall vegetation structure, with only 

a weak trend of average vegetation height decreasing with increasing para grass 

cover, in the dry season. However, most of the high-level para grass sites in my 

study, which recorded average vegetation heights of <1m, were subject to regular dry 
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season grazing. Para grass can grow to 3m tall (Cowie et al. 2000) and in locations in 

the study area not subjected to grazing, it has been recorded as being close to 

maximum height and at very high levels of cover (up to 95%) (Ferdinands et al. 

2005; C. Bach pers. comm.). Overall, grazing disturbance (at the low to moderate 

level recorded on my sites) did not appear to be associated with any of the habitat 

and vegetation characteristics measured, but this result should be interpreted with 

caution because sites with high levels of grazing disturbance were excluded from 

analyses, (as grazing was not the main focus of the research). Other studies have 

reported severe degradation attributable to buffalo, cattle and/or pigs, including 

wallowing and the formation of swim channels, altered vegetation height structure, 

leaf litter cover and depth, and the extensive denudation of floodplain vegetation 

(Taylor and Friend 1984; Cowie et al. 2000). 

3.4.4. Influence of other environmental factors 

For the vegetation and habitat variables found to be significantly associated with para 

grass cover, the percentage of deviance explained by para grass cover was often 

substantial (>50%). However, these estimates were not high enough for me to 

disregard the residual deviance in the data. The results suggest that factors additional 

to those included in the Generalised Linear Modelling were driving habitat 

characteristics and patterns of distribution and abundance of plant species. 

Hydrological and soil chemistry characteristics are major determinants of floodplain 

flora distributional patterns (Cowie et al. 2000), and therefore these factors, in 

conjunction with others such as fire, are likely to have influenced the habitat 

variables assessed in my study. 

The importance of hydrology was demonstrated by the significant association 

between water depth and some vegetation variables. Shallower areas (<0.25m) were 

generally found to support greater species richness, and the number of native sedge 

and exotic species decreased significantly as water depth increased. In areas with a 

water depth greater than 1m, there was an increased prevalence of species favouring 

wetter habitats (e.g. Hymenachne acutigluma and Persicaria attenuata) and the 

average height of vegetation and cover of H. acutigluma increased significantly as 

water depth increased. Furthermore, in areas with deeper water (>1m), para grass 
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was only found at low densities. These results are consistent with existing knowledge 

of plant species’ habitat preferences i.e. H. acutigluma is commonly found in the 

deeper areas, and exotic species tend to be most prolific in drier areas around the 

edges of the floodplain (Cowie et al. 2000). One exception is the exotic pasture, 

Olive Hymenachne (H. amplexicaulis), which is usually found in wetter habitats and 

will grow in water as deep as two metres (Smith 2002). The shallower, drier areas, 

which are often located around the edges of the floodplain, were more species-rich 

and therefore potentially of higher conservation value. However these areas are also 

where para grass appears to compete most effectively. In short, all floodplain areas 

are potentially susceptible to exotic pasture invasion – from para grass, in shallower 

areas, and from Olive Hymenachne, in deeper areas. 

The hydrological measure used in my study was simple (i.e. water depth during wet 

season surveys) and it is probable that a much more complex set of hydrological 

characteristics, including the duration of inundation, maximum water depth, rate of 

rise of floodwaters, influenced floodplain vegetation community structure (Cowie et 

al. 2000). Furthermore, these and other driving factors can vary substantially from 

year to year, thus further contributing to the highly dynamic nature of floodplain 

vegetation. 

3.4.5. Implications and conclusions 

The implications of the effects of para grass on floodplain vegetation communities 

described here are likely to be more widespread than simply loss of plant 

biodiversity. The broad-scale conversion of an environment which is highly variable 

both spatially and temporally, to homogenous grasslands could lead to ecosystem-

level impacts. For example, Douglas et al. (2001) reported altered rates of litter 

decomposition in para grass compared with native vegetation, which could result in 

changes in nutrient cycling. Para grass was also found to produce higher biomass and 

fuel loads which could lead to changes in the fire regime – namely hotter, more 

intense fires (Douglas and O’Connor 2004), and exotic grass invasions causing 

altered fire regimes have been reported by several authors in Australia and overseas 

(e.g. D’Antonio and Vitousek 1992; Rossiter et al. 2003; Zedler and Black 2004). 

Futhermore, the high productivity of para grass results in high oxygen demand and 
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thus extremely low levels of dissolved oxygen have been recorded in areas of dense 

para grass, particularly overnight (Douglas et al. 2001). Para grass has also been 

shown to increase the sediment load in streams and reduce rates of stream discharge 

(Bunn et al. 1998). All of these impacts may directly represent, or lead to, habitat 

degradation for a variety of terrestrial and aquatic animal species. Effects on wildlife 

will be discussed in detail in later chapters. 

Irrespective of any other impacts, the effect of para grass on floodplain plant 

biodiversity alone is of concern for the Mary River catchment and indeed all Top 

End floodplain areas where para grass has become established. However, the Mary 

River catchment is a multiple use area, with pastoral land making up a large portion 

of the lower catchment. The challenge is therefore to devise land management 

strategies which enable sustainable cattle productivity to be balanced with other land 

uses – particularly the conservation of biodiversity. Management recommendations 

will be discussed in detail later in the thesis. 
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Abstract 

The impact of the exotic pasture gamba grass (Andropogon gayanus) on habitat and 

vegetation characteristics was investigated by monitoring savanna woodland sites 

with varying levels of gamba grass cover, in the lower Mary River catchment. 

Cleared gamba grass paddocks were also monitored to enable comparisons with 

‘extreme’ examples of landscape change in relation to this invasive pasture species. 

Gamba grass was found to be associated with substantially reduced cover and 

richness of native, ground-layer plant species. Floristic composition of non-woody 

species differed between gamba grass paddock sites and woodland sites, with a 

higher proportion of exotic species found on paddocks. The ground-layer vegetation 

characteristics of paddock sites and those woodland sites with high gamba grass 

cover were generally similar. Gamba grass litter and total plant cover (including 

gamba grass) was substantially higher in areas with dense gamba grass cover and 

hence fuel loads in these areas were also potentially much higher than those in areas 

with little or no gamba grass. 

Trends associated with gamba grass cover were less pronounced with the woody 

vegetation. Gamba grass cover was negatively associated with the basal area of trees 

with DBH 20cm–50cm (all species combined) and for three common species, 

Erythrophleum chlorostachys, Eucalyptus miniata and Eucalyptus tetrodonta, but 

there was little evidence of an association between the other major tree species or 

size classes and gamba grass cover. The floristic composition of woody species 

differed between sites with dense gamba grass and sites with no gamba grass 

infestation, with relatively more mid-storey species (low trees and shrubs) being 

recorded on sites where gamba grass was absent. There was also some evidence that 

gamba grass was negatively associated with the recruitment of woody species as the 

cover of juvenile trees was lower in areas of dense gamba grass cover. The 

widespread replacement of tropical savanna understorey vegetation with highly 

productive, dense stands of gamba grass is likely to result in not only an extensive 

loss of ground-layer plant biodiversity, but also changed fire regimes and subsequent 

damage to savanna trees and shrubs. 
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Such impacts may directly or indirectly affect wildlife populations through habitat 

loss and/or degradation, and may also lead to ecosystem-level changes in the 

structure and function of tropical savannas. 

4.1. Introduction 

Savannas are the most geographically extensive ecosystem in the Mary River 

catchment and also across the whole of northern Australia (Williams and Cook 2001; 

Armstrong et al. 2002). The wide distribution of tropical savannas and their 

associated biota makes these ecosystems important ecologically, socio-economically 

and culturally. In the Mary River catchment and throughout northern Australia, 

tropical savannas are utilised by many sectors, including the pastoral and tourism 

industries, and are also of interest to conservation agencies. 

Worldwide, soil characteristics and rainfall are two of the main factors underlying 

variation in composition, structure and dynamics of tropical savanna vegetation 

(Skarpe 1992), and in northern Australia, much of the vegetation patterning is 

determined by these key variables (Bowman 1996; Williams et al. 1996). Other 

related factors that may influence savanna form and function are soil depth and 

topographic position, through their effects on soil drainage and water holding 

capacity (Williams et al.1996). 

Lowland savannas in the Mary River catchment overlie deeply weathered and partly 

laterized Late Tertiary sediments of the Koolpinyah surface that comprises the gently 

undulating lowland plains stretching from Darwin to the Arnhem Land escarpment 

(Russell-Smith et al. 1995), and associated coarse sandy Quarternary alluvium (Day 

et al. 1979). The soils are typically deep well-drained and highly siliceous red earths, 

with surface and subsoil textures of sandy loam to sandy clay loam (Day et al. 1979). 

Fire is the other major ecological influence in northern Australia, with approximately 

50% (and up to 70% in some areas) of tropical savannas burnt every year (Russell-

Smith et al. 1997; Gill et al. 2000). The annual cycle of profuse herbaceous growth 

in the wet season followed by the curing of ground vegetation and trees dropping leaf 

litter in the dry season ensures that dry fuels are available each year, hence frequent 
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fires are inevitable in tropical savannas (Dyer et al. 2001). In the Mary River 

catchment, most areas are burnt in at least four out of every seven years (Armstrong 

et al. 2002) and much of the largest lowland savanna conservation reserve (Wildman 

Reserve) is deliberately burnt annually or biennially at the end of the wet season or 

early dry season, to reduce fuel loads and the risk of high-intensity, late dry season 

fires (Billyard 1998; Flores 1999). 

Australian tropical savannas are characterised by woodlands and open forests 

dominated by eucalypts (Dyer et al. 2001). In the Mary River catchment the two 

most common vegetation types are Eucalyptus tectifica/Corymbia latifolia woodland 

and E. miniata/E. tetrodonta open forest and these are also the two most widespread 

vegetation communities across the northern coastal NT (Wilson et al. 1990). Other 

savanna communities present include E. miniata woodland, E. miniata/E. tetrodonta 

woodland, and E. papuana/C. polycarpa woodland (Russell-Smith 1995; Armstrong 

et al. 2002). The ground layer vegetation of these communities is typically a mixture 

of native annual and perennial grasses including Sarga spp. (formerly Sorghum), 

Heteropogon spp. and Chrysopogon fallax. The fine-scale distribution of savanna 

vegetation communities is governed largely by variations in soil texture and 

microtopography (Williams et al. 1996), but human land management practices have 

also contributed to the structure and floristics of tropical savannas in the Mary River 

catchment, and across the Top End (Woinarski and Ash 2002; Bowman and Prior 

2004). The land-use practices of the pastoral industry and conservation agencies and 

specifically, their management of exotic pasture grasses and weeds, are of particular 

interest as the area of land managed by these sectors represents 62% and 31% of the 

Mary River catchment, respectively (Armstrong et al. 2002). 

Invasive alien plants are one of the most significant environmental issues worldwide, 

threatening many different ecosystems including tropical savannas. For example, the 

African grass, Melinis minutiflora, was originally planted as a pasture grass but has 

since become one of the most problematic exotic species in Brazilian savannas 

because it competitively excludes native plant species and produces higher fuel loads 

and hence more intense fires (Pivello et al. 1999; Hoffman et al. 2004). In Australian 

tropical savannas, several alien plant species have become a serious problem for 
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pastoralists and conservation managers alike. Species of concern include Parkinsonia 

(Parkinsonia aculeata), Prickly acacia (Acacia nilotica), Mesquite (Prosopis pallida) 

and buffel grass (Cenchrus ciliaris) in the drier (southern) savannas, and mission 

grass (Pennisetum polystachion), grader grass (Themeda quadrivalvis) and gamba 

grass (Andropogon gayanus) in the northern Top End (Smith 2002). Despite being 

recognised as invasive plants with the potential to degrade pastoral and conservation 

land through the exclusion of other vegetation and/or intensification of fire regimes, 

only some of these species have been declared noxious weeds in the Northern 

Territory (Smith 2002). A recent study by Rossiter et al. (2003) has concluded that 

gamba grass, an African pasture species first introduced into Australia in the 1930s 

(Oram 1987), was ‘an ecosystem transformer with the potential to alter community 

structure and the nutrient, water and carbon cycling processes over large areas of 

Australia’s savanna ecosystems’ (Rossiter et al. 2003: p 175). Nevertheless, gamba 

grass is not a declared weed and, until recently, was still being promoted as a pasture 

species in the NT (Cameron 2000). 

In the Mary River catchment, weed control efforts on both pastoral and conservation 

land have been concentrated on the woody floodplain weed Mimosa pigra, with most 

other species receiving little attention. However in recent years, concerns about the 

spread of exotic pasture grasses (namely para and gamba grass) from pastoral 

properties onto reserves have increased because of possible effects on conservation 

values and fire regimes (Whitehead 1999a; Armstrong et al. 2002). 

Much of the history of introduction of gamba grass to the Mary River area has been 

documented. Trial plantings of gamba grass were undertaken in the catchment as 

early as 1973 on the ‘Kiluppa Block’, south east of Wildman Reserve (Calder and 

Cameron 1991), and paddocks on Opium Creek station (land adjoining the northern 

boundary of Wildman Reserve) were sown in 1985 (Flores 1999). According to 

Cameron (2000), between 1961 and 1980 trial plantings also occurred on the 

leasehold pastoral property, Wildman River station, which later became Wildman 

Reserve, although this conflicts with another historical account that gamba grass was 

never planted on the reserve (Flores 1999). Gamba grass was also sown (time of 

planting unknown) in areas south of Wildman Reserve, on land now leased by the 
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tourism ventures Mary River Park and Annaburroo Billabong (personal observation). 

While there is reasonable information on the locations of where gamba grass was 

planted, there is far less knowledge of its historical spread beyond sown areas. It has 

been estimated that there are 7000 ha of gamba grass in the Top End (Cameron 

2000), with the most extensive areas of gamba grass in the Mary River catchment 

being on Opium Creek station (paddocks), the northern third of Wildman Reserve 

(within savanna woodland and forests), and near Mary River Park (paddocks). The 

potential distribution of gamba grass has been suggested as being all areas of upland 

soils in the NT, north of the 600mm rainfall isohyet (Cameron 2000). 

One of the most serious concerns regarding gamba grass invasion of tropical 

savannas is its potential impact on fire regimes. Rossiter et al. (2003) demonstrated 

that fine-fuel loads were substantially greater and fires were on average eight times 

more intense, in savannas with high gamba grass cover in comparison to those with 

native understorey vegetation, and thus invasion of gamba grass creates the 

conditions required to initiate a grass-fire cycle (D’Antonio and Vitousek 1992; see 

Chapter 2, Section 2.3.1 for more information). 

4.1.1. Study objectives 

Prior to this study, there was no information on the ecological effects of gamba grass 

invasion, either direct – through the displacement of native plant species, or indirect 

– through changes to fire regimes, and the flow-on effects on savanna fauna. Hence 

the specific objective of the work presented in this chapter was to examine the effect 

of gamba grass on the vegetation and environmental characteristics of savanna 

woodlands. 

The hypotheses tested were: 

1. Ground cover (i.e. the relative proportions of bare ground, litter, logs and 

vegetation etc) and the structural characteristics of vegetation are altered in 

habitats dominated by gamba grass. 
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2. The richness and cover/abundance of native plant species (in all vegetation 

layers) is lower as the cover of gamba grass increases. 

3. The relative abundance of large gamba grass plants will be higher and the 

distribution of gamba grass plants will be more uniform (as measured by 

dispersion scores), on sites with high gamba grass cover. This hypothesis is 

based on the assumption that the level of cover of gamba grass is proportional 

to the age of infestation and/or inversely proportional to the distance from the 

source. Hence the larger the gamba grass plant, the older it is assumed to be. 

As discussed earlier, fire can have an important influence on savanna woodland 

vegetation and on trees and shrubs in particular. Similarly, the non-woody, ground-

layer vegetation may be affected by the grazing and rooting activities of cattle and 

feral buffalo and pigs. Consequently, as it was impossible to remove or control these 

factors in the study area, secondary hypotheses addressing the influence of grazing 

disturbance and fire on environmental and vegetation characteristics were also tested 

by including measures of these variables in analyses. 

Although the primary focus of this chapter is to examine the habitat characteristics of 

savanna woodland sites with varying levels of gamba grass cover, it was also 

considered important to make comparisons with the ‘extreme’ case (i.e. cleared 

paddocks sown with gamba grass). This was because a ‘gamba grassland’ could be a 

potential future state of woodland areas – whether it be from changing land 

management in the region (i.e. approval of more clearing and sowing of pastures), or 

from a shift from woodland to grassland through effects of a grass-fire cycle. 

It should also be noted that this is not a tightly-defined BACI (before-after-control-

impact)-type experiment, but rather a correlative post-hoc study of sites across a 

gradient of gamba grass infestation. Hence, it attempts to tease from a complex 

situation, the influence of one main factor and while every effort was made to ensure 

that the environments of all sites studied were comparable prior to gamba grass 

infestation, this was not always certain and therefore some uncontrolled 

environmental noise may influence the results and their interpretation. Nevertheless, 

results of this section of the study provide important information on the direct impact 
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of gamba grass on savanna woodland vegetation communities and will also be useful 

when interpreting patterns in related wildlife studies. Furthermore, because of the 

wide geographic extent of tropical savannas and the large potential distribution of 

gamba grass, the results will be relevant not only for the Mary River catchment, but 

for many regions across northern Australia. 

4.2. Methods 

The procedures for surveying woodland and paddock sites were generally similar to 

those described in Chapter 3 for floodplain sites. In cases where methods were 

exactly the same as for floodplain surveys, readers are referred to the relevant section 

of Chapter 3 for details, otherwise a full description of the methodology is provided. 

4.2.1. General site selection procedures 

Surveys of 50m x 50m (0.25 ha) sites, each visited up to four times (two wet and two 

dry season surveys), were undertaken between August 2000 and April 2002. Sites 

were located in three general areas within the Mary River catchment – Wildman 

Reserve (a conservation zone), Opium Creek Station (a private pastoral property), 

and Annaburro Billabong/Mary River Park (adjacent tourism ventures). These 

locations were selected because they (i) collectively provided areas with varying 

levels of gamba grass (including cleared areas sown with gamba grass i.e. paddocks); 

(ii) had similar topographic characteristics (i.e. landscape position, slope, aspect, 

elevation, etc), soil type (sandy-loam to clay-loam soils) and habitat (all uncleared 

areas were open woodlands or open forests); and (iii) were readily accessible year-

round. 

Site placement was approximately random within paddock areas, and within open 

forest and woodland areas, site selection was based on a stratification defined by the 

relative amount of gamba grass in the ground layer of vegetation (hereafter referred 

to as ‘gamba grass level’; see Table 4.1). Sites were a minimum of 50m from an 

environmental edge and a minimum of 100m from each other. Cattle and/or feral 

buffalo and pigs were present in most locations, but areas of high disturbance were 

avoided where possible during the selection of non-paddock sites (hereafter referred 
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to as ‘woodland sites’). In all, 24 sites were selected; a description of the vegetation 

characteristics and the number of sites in each gamba grass level is given in Table 

4.1. The location of sites was determined using a handheld GPS, however, pitfall 

traps used during fauna surveys (see Chapter 6) were sealed and left in position 

between sampling periods, therefore sites were effectively also permanently marked. 

The location of sites overlaid on a broad habitat map is shown in Fig. 4.1. 

4.2.2. Vegetation and habitat assessment 

Surveys were conducted in the dry season (June – September) of 2000 and 2001, and 

in the wet season (March – April) of 2001 and 2002. As described for floodplain site 

surveys in section 3.2.2, habitat and floristic characteristics were recorded through a 

combination of a broad appraisal of the 0.25 ha site, and a detailed assessment of 20 

1x1m quadrats (placed on a grid comprising four evenly spaced rows of five 

quadrats). In most cases, the attributes recorded from each site and methodology 

used were the same as for floodplain surveys (see Table 3.2 for details). However, 

three floodplain habitat characteristics (distance to dry ground, conductivity and 

water depth) were not recorded on woodland or paddock sites. Furthermore, there 

were minor differences in methodology for some characteristics and several 

additional variables were included during the assessment of woodland and paddock 

sites; details are provided in Table 4.2. 
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Table 4.1. Number of woodland/paddock sites and description of vegetation present 

in each gamba grass level. 

Gamba grass level Number of sites  Vegetation description 

None 5 No gamba grass present; native vegetation in the 

upper-storey of Eucalyptus spp., mid-storey of 

Erythrophleum chlorostachys; ground layer of mixed 

annual and perennial grasses, forbs and sedges. 

Low 4 

 

Low gamba grass cover (relative cover* <30%); 

native vegetation in the upper-storey of Eucalyptus 

spp , mid-storey of Er. chlorostachys, Pandanus 

spiralis or Xanthostemon paradoxus; ground layer 

similar native vegetation to sites in None. 

Moderate 5 

 

Moderate gamba grass cover (relative cover 30–

70%); native vegetation in the upper-storey of 

Alstonia actinophylla or Eucalyptus spp, mid-storey 

of Er. chlorostachys, Syzygium suborbiculare or 

Lophostemon lactifluus; no sites with native 

vegetation dominant in the ground layer. 

High 5 High gamba grass cover (relative cover >70%); 

native vegetation in the upper-storey of Eucalyptus 

spp. or A. actinophylla, mid-storey of Er. 

chlorostachys or X. paradoxus, no sites with native 

vegetation dominant in the ground layer. 

Paddock 5
#
 Cleared paddock sown with gamba grass 10–15 yrs 

prior; a few juvenile trees or shrubs present; ground 

layer dominated by gamba grass (relative cover 

>50%) with some grasses, forbs and sedges present; 

three sites grazed, two sites ungrazed. 

* Relative cover is the gamba grass component (%) of the total plant cover (i.e. excluding 

other ground cover types such as bare ground, litter, etc). 

# One paddock site was not surveyed during the wet season because of flooding. 
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Figure 4.1. Location of woodland and paddock sites overlaid on a broad habitat map 

(after Armstrong et al. 2002) of the lower Mary River catchment. Site symbols 

represent gamba grass levels and the boundary of Wildman Reserve is also shown 

Enlarged boxes show site location in more detail (scales are approximate). Local 

landmarks are shown with a star and roads are shown with a dashed line. 

.
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Table 4.2. Habitat and vegetation characteristics recorded from woodland/paddock sites. The listed characteristics are in addition to 

those recorded on floodplain sites (see Table 3.2); some characteristics are presented here again because of differences in methodology 

between floodplain and woodland/paddock sites. 

Characteristic Measurement Notes on methodology Frequency of measurement 

Characteristics assessed over whole (0.25 ha) site  

distance to current 

water 

ordinal score (1–4): 

1: ≤0.5km 2: 0.5–1.5km 

3: 1.5–3.0km 4: >3.0km: 

The distance to the nearest water (including temporary and artificial 

sources) was estimated on-ground and from information from local 

land managers. 

each survey 

soil texture ‘ordinal’ score (1–3) 

1: sandy-loam    2: loam 

3: clay-loam 

Visual assessment of soil during initial site set-up (involving digging 

to approximately 50cm, for pitfall traps). Scores represented the broad 

soil texture class and related to the amount of clay in the soil 

(Armstrong et al. 2002) 

recorded once during the 

study 

distance to non-gamba 

grass patch 

distance in km Minimum distance to an area of similar habitat (minimum size 25ha) 

without gamba grass present (<11% gamba grass cover), estimated 

from gamba grass map (see Appendix III). 

recorded once during the 

study 

distance to dense 

gamba grass patch 

distance in km Minimum distance to an area of dense gamba grass (>50% cover, 

minimum size 25 ha) estimated from a gamba grass map (see 

Appendix III). 

recorded once during the 

study 

fire frequency score (number of years) out of 

5 

An estimate of the number of years out of the preceding five (i.e. 

1995–1999) in which the site has been burnt, based on information 

from local land managers. 

recorded once during the 

study 

time since last fire time in months An estimate of the number of months since the most recent fire, based 

on personal observation and information from local land managers. 

each survey 
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Table 4.2. Continued. 

Characteristic Measurement Notes on methodology Frequency of measurement 

fire disturbance 

intensity  

ordinal score (0–5) 

 

An estimate of the intensity of disturbance attributable to fire across all 

vegetation layers: 0: no visible impact; 1: disturbance present but 

minimal effect on habitat; 2–4: low to moderate to high impact; 5: 

major impact affecting all of the site. 

each survey 

termite mounds 

(number and height) 

count and height in m A count of all termite mounds within in the site, and an estimate of the 

maximum height. 

each survey 

rock cover ordinal score (0–6), in five 

size classes. Scores for cover 

ranges:   0: 0% 

1: <2%  2: 2–10% 

3: 10–20% 4: 20–50% 

5: 50– 90% 6: >90% 

An estimate of the total % cover of rocks in the following size (length) 

classes: pebble (<0.6cm), small stone (0.6–2.0cm), stone (2–6cm), 

small rock (6–20cm), rock (20–60cm). NB: rocks >60cm (big rocks, 

boulders and outcrops) were not present on any sites. 

 

recorded once during the 

study 

species richness count An assessment of the whole site (with the aid of a botanist) was done 

to compile a comprehensive plant species list. 

Species richness was subdivided into native and exotic species 

(excluding gamba grass); native species were further subdivided into 

woody (trees and shrubs) and non-woody (grasses, sedges and all other 

species). 

recorded once during the 

study (wet season – March 

2001) 

average height of 

gamba grass 

height in m An estimate of the average height of gamba grass across the whole 

site. 

each survey 
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Table 4.2. Continued. 

Characteristic Measurement Notes on methodology Frequency of measurement 

canopy height height in m Mode (not maximum) height of canopy trees, visually estimated or 

measured using a clinometer. Average values (calculated from up to 

four estimates per site) were used in analyses. 

each survey 

canopy cover % cover A visual estimate of the projective foliage % cover of canopy. each survey 

vegetation cover ordinal score (0–6) in each of 

six height classes 

 

An estimate of the total % cover of vegetation in the following height 

classes: 0–0.5m, 0.5–1.0m, 1–3m, 3–5m, 5–10m, >10m. 

Scores for cover ranges were: 
0: 0%  1: <5%  2: 5–10% 3: 10–25% 

4: 25–50%  5: 50–75% 6: >75% 

each survey 

basal area calculated value in m
2
 per ha, 

for each species in each size 

class 

Calculated from two to eight sweeps per site, using the smallest slot in 

a Bitterlich wedge (multiplier 0.25). All trees scored in a sweep were 

identified to species (or recorded as dead, if so) and visually assigned 

to a DBH (diameter at breast height) size class. Basal area was 

calculated as follows: total tree count (each species, each size) x 0.25 

÷ number of sweeps made. 

one basal area measurement 

for each species/size was 

calculated for each site, from 

the cumulative tree counts 

from all sweeps 

Characteristics assessed in 1m
2
 quadrats. 20 quadrats per site  

relative proportion of 

different ground 

covers 

% cover of each of: bare 

ground, litter, logs, total plant 

cover 

Litter cover was subdivided into grass, leaf, gamba and coarse woody 

(twigs, sticks etc); and plant cover was subdivided into total native, 

exotic (excluding gamba grass) and gamba grass cover. Sum total of 

all cover types in each quadrat = 100%. 

each survey 
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Table 4.2. Continued. 

Characteristic Measurement Notes on methodology Frequency of measurement 

cover of plant growth 

forms 

ordinal score (0–8) Cover score of five native growth forms (annual grass, perennial grass, 

sedge, juvenile tree, forbs/other forms). Scores were based on the same 

cover/abundance scale used to record individual species cover on 

floodplain sites. Class mid-points were used to calculate means and 

mean values were used in analyses. 

each survey 

gamba grass plant 

count 

number of plants in each 

tussock size class 

Count of individual gamba grass plants in each quadrat, in the 

following size (tussock diameter) classes: <5cm, 5–10cm, 10–20cm, 

20–50cm, 50–80cm, >80cm. Total number of plants (i.e. sum of 

plants, all sizes) was also recorded. Mean counts per m
2
 were used in 

analyses. 

each survey 

gamba plant 

dispersion 

dimensionless score (>0) Calculated from the variance to mean ratio of the total number of 

plants (all sizes) per m
2
. Dispersion provides an indication of the 

degree of aggregation of individual plants across a site: 1= random, 

<1= uniform, >1=aggregated (Ludwig and Reynolds 1988). 

each survey 
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4.2.3. Analysis 

Analytical approach 

A total of 24 sites were surveyed up to four times each (Fig. 4.1; Table 4.1). The 

analytical approach used to assess the impact of gamba grass cover on vegetation and 

habitat characteristics was generally the same as was described for para grass in 

Chapter 3. For most analyses, gamba grass cover was included as percentage cover. 

However, for analyses of tree and gamba grass plant size composition and species 

composition, the ordinal-scale of gamba grass level was used (see section 4.2.1, 

Table 4.1). Wet and dry season data were analysed separately and vegetation and 

habitat variables recorded during each survey were averaged over all dry season or 

all wet season visits for each site, prior to analysis. 

Paddock sites were excluded from analyses of all ‘woody’ characteristics (e.g. 

shrub/tree species richness, basal area variables, coarse and leaf litter cover) and sites 

with no gamba grass present were excluded from analyses of gamba grass plant 

characteristics. All cases of exclusion of paddock or non-gamba grass sites are 

clearly noted in the relevant tables, figures and results sections. 

Interval and ratio level variables were examined for normality and homogeneity of 

variances and appropriate transformations were performed prior to analysis, where 

necessary; all percentage cover variables were arcsine transformed. Data were stored 

and summarised in a Microsoft Excel database (Microsoft Corp. 2002), and all 

analyses were done using S-Plus Version 6.1 for Windows (Insightful Corp. 2002), 

Statistica Version 6 for Windows (StatSoft Inc., 2001), or Primer 5 for Windows 

Version 5.2.4 (using default settings, unless otherwise specified) (Primer-E Ltd 

2001). As was done in Chapter 3, results were interpreted in relation to a significance 

level of α = 0.01 (rather than 0.05; see section 3.2.3, Chapter 3 for details), but a 

range of diagnostic techniques were used to assess the strength of any trends (e.g. % 

deviance explained in GLMs, visual assessment of scatterplots). 
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Broad-scale habitat characteristics 

Associations between broad-scale habitat characteristics (i.e. non-seasonal, 

landscape-scale characteristics, rock cover, canopy height) and gamba grass cover 

were analysed using Spearman rank correlation tests. Correlations were also done for 

each broad-scale habitat variable versus grazing and fire disturbance scores. These 

analyses were performed to assess whether minor differences in environmental 

characteristics among sites were correlated with the level of gamba grass cover, and 

also served to reveal ‘habitat preferences’ of gamba grass. 

Ground cover and termite mound characteristics 

GLM was used to test for an association between gamba grass cover and percentage 

cover of different ground cover types (i.e. cover of various plant forms, litter, log, 

bare ground) and termite mound characteristics. Scores for grazing disturbance 

(pig/cattle/buffalo combined), and fire disturbance were included as additional 

predictor variables and interaction terms were also tested. All GLMs used a Gaussian 

error distribution with an identity link. 

Fine-scale ground-layer habitat heterogeneity 

Fine-scale ground-layer habitat heterogeneity was analysed using the quadrat data. 

Quadrat data from one wet and one dry season survey per site (chosen at random) 

were used to calculate the CV for each general ground cover type (i.e. plant forms, 

litter types, bare ground, etc). Associations between gamba grass cover, grazing and 

fire disturbance and the CV of each ground cover type were analysed using GLM, as 

described above. 

Plant species richness and vegetation structure 

The association between gamba grass cover, grazing and fire disturbance and plant 

species richness and vegetation structure variables (i.e. canopy cover and vegetation 

cover, in six height classes) was explored using GLM, as described above. 
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Gamba grass plant characteristics 

To address the hypothesis regarding the relative abundance of large gamba grass 

plants and the pattern of distribution of plants in relation to gamba grass cover, mean 

counts of individual gamba grass plants (number per m
2
 in six size classes) and plant 

dispersion (as a measure of the degree of aggregation of gamba grass plants across a 

site) were calculated from the quadrat data recorded on each site. Mean counts were 

transformed to relative abundance (i.e. abundance of each size class as a percentage 

of the total). Associations between gamba grass cover, grazing and fire disturbance 

and the relative abundance of gamba grass plants in each size class, plant dispersion 

and average height of gamba grass plants were analysed using GLMs, as described 

above. 

Tree characteristics 

A list of major tree species was determined from basal area estimates of woody plant 

species. Major species were defined as those with basal area values ranking in the top 

five on ≥20% of sites. Relationships between gamba grass cover, grazing and fire 

disturbance and basal area of major species (in two DBH classes: <20cm and >20cm, 

and total), and on basal area of all species combined (in four DBH classes, total, dead 

trees) was tested using GLMs, as described above, with paddock sites excluded from 

analyses. 

In order to assess the association between gamba grass cover and patterns of tree size 

composition, a multivariate approach was used. Variation among sites in tree size 

composition was analysed by nMDS using the Bray-Curtis index of dissimilarity 

calculated from basal area values (all species combined) for each DBH class and 

dead trees. Basal area values were standardised to relative measures (i.e. values for 

each size class were expressed as a percentage of the total basal area, for each site) 

prior to analysis, to minimise the effect of variation in absolute tree ‘abundance’ 

among sites. ANOSIM was conducted to determine whether there were statistical 

differences in tree size composition across varying levels of gamba grass cover (i.e. 

‘gamba grass level’, as defined in Table 4.1), and in relation to grazing and fire 

disturbance. Grazing and fire disturbance were measured on ordinal scales (Table 
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4.2) but were reclassified to simplified ordinal scales for the ANOSIM (see results 

for details). 

Frequency of occurrence of plant species 

A comprehensive plant species list was compiled from one detailed assessment of 

each site and data collected from up to four visits per site. The frequency of 

occurrence of all plant species (woody and non-woody) in relation to the 

presence/absence of gamba grass was analysed using the Fisher exact test. Patterns of 

species occurrence across gamba grass levels were also assessed qualitatively. 

Floristic composition 

Variation among sites in plant species composition (presence-absence records of all 

species with a minimum frequency of two sites, excluding gamba grass) was 

analysed by nMDS using the Bray-Curtis index of dissimilarity. Composition of 

woody (trees and shrubs) and non-woody species (all other forms) was analysed 

separately and paddock sites were excluded from the analyses of woody species. 

ANOSIM was done to determine whether there were statistical differences in plant 

species composition across gamba grass, grazing disturbance, and fire disturbance 

levels. Follow-up analyses to determine which species were most associated with 

each gamba grass level were performed by calculating the contribution of each 

species to the within-group similarity, using the SIMPER routine in Primer. 

Species accumulation curves 

Curves portraying the accumulation in species richness across sites of like gamba 

grass level were produced for woody and non-woody species (all species except 

gamba grass), using the Species-Area Plot function in Primer. Curves for each gamba 

grass level were plotted on the same graph to facilitate qualitative comparisons of 

species accumulation patterns among the varying levels of gamba grass infestation. 

Species accumulation curves were also produced for sites classified by grazing and 

fire disturbance level to assess patterns in relation to these factors. 
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4.3. Results 

4.3.1. Broad-scale habitat characteristics 

Few landscape-scale characteristics were found to be significantly correlated with 

gamba grass cover (Table 4.3). A negative correlation between the distance to dense 

gamba grass patch and gamba grass cover (i.e. cover decreased with increasing 

distance from dense patches) was detected (Table 4.3, Fig. 4.2). Gamba grass cover 

was not significantly correlated with soil texture, any rock cover variables nor 

canopy height. These results show that even though there may have been minor 

differences among sites in the environmental characteristics listed in Table 4.3, these 

attributes were not significantly correlated with gamba grass cover. Likewise, 

grazing and fire disturbance were not significantly correlated with the majority of 

landscape characteristics (Table 4.3). However, grazing disturbance was positively 

correlated with patch size, and fire disturbance was positively correlated with soil 

texture and fire frequency. Gamba grass cover, grazing and fire disturbance were not 

significantly correlated with each other (Table 4.3, Fig. 4.2). 

 

 



Chapter 4. Effects of gamba grass on woodland habitat 

123 

Table 4.3. Spearman rank correlation test results for general site characteristics versus gamba grass cover (GAMBA), combined grazing 

disturbance (GRAZ), and fire disturbance (FIRE). GAMBA, GRAZ and FIRE were the mean values from all surveys per site. Values 

shown are estimates of the correlation coefficient, rho (ρ), Z values and associated probabilities (statistically significant results are 

indicated by * for P<0.01 or ** for P<0.001). Paddock sites (n=5) were excluded from analyses of canopy height. 

Site characteristic GAMBA GRAZ FIRE 

patch size ρ=0.48, Z=2.32, P=0.02 ρ=0.59, Z=2.82, P<0.01* ρ=-0.15, Z=-0.707, P=0.48 

soil texture ρ=-0.17, Z=-0.83, P=0.41 ρ=-0.19, Z=-0.93, P=0.35 ρ=0.65, Z=3.12, P<0.01* 

distance to current water (dry) ρ=-0.35, Z=-1.68, P=0.09 ρ=-0.37, Z=-1.79, P=0.07 ρ=0.42, Z=2.02, P=0.04 

distance to current water (wet) ρ=-0.13, Z=-0.64, P=0.52 ρ=0.24, Z=1.13, P=0.26 ρ=0.14, Z=0.69, P=0.49 

distance to permanent water ρ=-0.52, Z=-2.49, P=0.01 ρ=-0.26, Z=-1.25, P=0.21 ρ=0.44, Z=2.08, P=0.04 

distance to non-gamba grass patch
$
 ρ=0.12, Z=0.49, P=0.63 ρ=0.05, Z=0.19, P=0.85 ρ=0.35, Z=1.48, P=0.14 

distance to dense gamba grass patch
^
 ρ=-0.73, Z=-2.66, P<0.01* ρ=0.31, Z=1.10, P=0.27 ρ=-0.32, Z=-1.15, P=0.25 

fire frequency ρ=-0.20, Z=-0.98, P=0.33 ρ=-0.52, Z=-2.48, P=0.01 ρ=0.81, Z=3.88, P<0.001** 

pebble cover ρ=0.06, Z=0.26, P=0.79 ρ=0.05, Z=0.22, P=0.83 ρ=0.003, Z=0.01, P=0.99 

small stone cover ρ=-0.31, Z=-1.47, P=0.14 ρ=-0.06, Z=-0.30, P=0.76 ρ=0.27, Z=1.31, P=0.19 

stone cover ρ=-0.36, Z=-1.71, P=0.09 ρ=0.03, Z=0.12, P=0.90 ρ=0.13, Z=0.64, P=0.52 

small rock cover ρ=-0.13, Z=-0.63, P=0.53 ρ=0.13, Z=0.63, P=0.53 ρ=0.02, Z=0.07, P=0.94 
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Table 4.3. Continued. 

Site characteristic GAMBA GRAZ FIRE 

rock cover ρ=-0.35, Z=-1.68, P=0.09 ρ=-0.07, Z=-0.32, P=0.75 ρ=0.02, Z=0.10, P=0.92 

canopy height ρ=-0.16, Z=-0.69, P=0.49 ρ=-0.23, Z=-0.96, P=0.34 ρ=0.19, Z=0.79, P=0.43 

GRAZ ρ=0.50, Z=2.38, P=0.02   

FIRE ρ=-0.06, Z=-0.29, P=0.77 ρ=-0.30, Z=-1.45, P=0.15  

$ Sites without gamba grass (i.e. None, n=5) were excluded from analyses. 

^ Sites with high-level gamba grass cover (i.e. High and Paddock, n=10) were excluded from analyses 

.
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Figure 4.2. Gamba grass cover versus distance to dense gamba grass patch, combined 

grazing disturbance and fire disturbance. A scatter plot of grazing disturbance versus 

fire disturbance is also shown. Sites with high-level gamba grass cover (i.e. High and 

Paddock, n=10) were excluded from the plot of gamba grass cover versus distance to 

dense gamba grass patch (top left); for the remaining plots, open circles = sites with 

zero, low, moderate or high gamba grass cover; solid circles = Paddock sites. 
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4.3.2. Ground cover and termite mound characteristics 

General ground cover variables exhibited a few different trends in relation to gamba 

grass cover and grazing and fire disturbance, with some seasonal variability also 

evident (Table 4.4
1
, Table I in Appendix I, Fig. 4.3). Percentage cover of annual and 

perennial grasses and juvenile trees (and combined total native plant cover) 

significantly decreased as gamba grass cover increased, with this effect being more 

pronounced during the wet season. There was no significant association between 

gamba grass cover and the cover of ‘other’ native plant species. Similarly, the cover 

of native litter types, particularly grass and coarse litter, was less in sites with 

increasing gamba grass cover. In contrast, the cover of total exotic plant species 

(excluding gamba grass) increased at sites with greater gamba grass cover and this 

effect was more pronounced in the dry season. Gamba litter cover predictably 

increased in line with gamba grass cover. However, gamba grass cover was 

significantly positively associated with total plant cover (which included gamba 

grass itself) only in the dry season, suggesting that non-gamba species made a greater 

relative contribution to total plant cover in the wet season than in the dry season. The 

trend for bare ground cover was inconsistent across seasons, with gamba grass cover 

having no significant association with this variable in the dry season but a significant 

positive association in the wet season. There was no significant association between 

gamba grass cover and the cover of logs. 

                                                 
1
 For clarity, the results of GLMs are presented in a summarised form throughout this chapter; full 

GLM results are provided in Appendix I. 
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Table 4.4. Summarised Generalised Linear Modelling results of general ground 

cover and termite mound variables versus gamba grass cover, grazing and fire 

disturbance. Models used GAMBA, GRAZ and FIRE as predictor variables and four 

different models were tested for each response variable (1: response variable ~ 

GAMBA; 2: response variable ~ GAMBA + GRAZ; 3: response variable ~ GAMBA 

+ FIRE; 4: response variable ~ GAMBA + GRAZ + FIRE). Percentage cover 

variables (including GAMBA) were arcsine-transformed. Paddock sites (dry: n=5, 

wet: n=4) were excluded from analyses of log cover, native juvenile tree cover, leaf 

and coarse litter cover. Statistically significant coefficients (+ or −) are indicated by * 

for P<0.01 or ** for P<0.001 and non-significant results are indicated by ‘ns’. Full 

details of model construction and the complete GLM results are shown in Table I, 

Appendix I. 

Habitat Variable GAMBA GRAZ FIRE 

bare ground cover    

 dry ns ns + ** 

 wet + * ns ns 

log cover    

 dry ns ns ns 

 wet ns ns ns 

total plant cover 

(all sp. incl. gamba grass) 

   

 dry + * + * − ** 

 wet ns ns ns 

native annual grass cover    

 dry n. a.
a
   

 wet − * ns ns 

native perennial grass cover    

 dry − ** ns − ** 

 wet − ** ns ns 

native sedge cover    

 dry n. a.
a
   

 wet ns ns ns 

cover of ‘other’ native 

species 

   

 dry ns ns ns 

 wet ns ns ns 
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Table 4.4. Continued. 

Habitat Variable GAMBA GRAZ FIRE 

native juvenile tree cover    

 dry ns ns ns 

 wet − * ns ns 

total native species cover    

 dry − ** ns − ** 

 wet − ** ns ns 

exotic species cover
 

(excluding gamba grass) 

   

 dry + * ns ns 

 wet ns ns ns 

leaf litter cover    

 dry ns − * ns 

 wet ns ns ns 

native grass litter cover    

 dry − ** ns − ** 

 wet − ** ns ns 

coarse litter cover    

 dry − * − * ns 

 wet − * ns ns 

gamba grass litter cover
b
    

 dry + ** ns ns 

 wet + ** ns ns 

number of termite mounds    

 dry ns ns ns 

 wet ns ns ns 

termite mound height
c
    

 dry ns ns ns 

 wet ns ns ns 

a Growth form was recorded on <20% of sites in the dry season therefore no analyses were 

performed. 

b Sites without gamba grass (n=5) were excluded from analyses. 

c Sites without termite mounds (dry =7, wet = 8) were excluded from analyses. 
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Figure 4.3. Percentage cover of bare ground, native annual grass, native perennial 

grass, native juvenile tree, total native plant species, total exotic plant species, native 

grass litter and coarse litter versus gamba grass cover. Circles = dry; triangles = wet 

season; solid shapes = Paddock sites; open shapes = all other sites. Paddock sites were 

excluded from analyses of native juvenile tree and coarse litter cover. 

* Excluding gamba grass 
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Grazing and fire disturbance was significantly associated with some ground cover 

variables, although only in the dry season (Table 4.4, Table I in Appendix I). Leaf 

and coarse litter cover decreased on sites with higher grazing disturbance scores, and 

the cover of native perennial grass, total native plant, total plant (all species) and 

native grass litter decreased on sites with higher fire disturbance scores. Notably, for 

the dry season model of total plant cover, which included gamba grass cover, grazing 

and fire disturbance (i.e. Model 4), fire disturbance was the only highly significant 

(P<0.001) predictor variable (Table I, Appendix I). Fire disturbance was also 

positively associated with bare ground cover. There was no association between the 

number of termite mounds and mound height and gamba grass cover, grazing or fire 

disturbance. 

Interactions between the predictor variables were non-significant for all ground cover 

and termite mound variables but to aid clarity, GLM results for interactions were not 

shown in Tables 4.4 or Table I (Appendix I). Also, it should be noted that paddock 

sites were included in the analyses of all variables except log, juvenile tree, leaf and 

coarse litter cover. 

In summary, the main trends in relation to gamba grass and general ground cover 

were that as gamba grass cover increased, the cover of all plants combined (including 

gamba grass) and gamba grass litter increased, whereas cover of most native plant 

and forms and native litter types decreased. 
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4.3.3. Fine-scale ground-layer habitat heterogeneity 

Gamba grass cover was found to be significantly associated with the coefficient of 

variation (CV) scores of some ground cover types (Table 4.5, Table II in Appendix 

I). CV scores of native perennial grass cover, grass and coarse litter cover (wet 

season only), and total native plant cover (both seasons) were positively associated 

with gamba grass cover (Fig. 4.4). These results suggest that the spatial arrangement 

of the aforementioned cover types became more heterogeneous (i.e. aggregated or 

patchy) as gamba grass cover increased. Conversely, the CV scores of gamba grass 

cover and gamba litter cover decreased (i.e. homogeneity increased) in association 

with increased gamba grass cover (Fig. 4.4). There was little evidence that grazing 

disturbance was significantly associated with any CV scores. However, fire 

disturbance had a weak positive association with native perennial grass and total 

native plant cover CV scores (Table II in Appendix I, Fig. 4.4). Interactions between 

the predictor variables were non-significant for CV variables and paddock sites were 

included in all GLMs except those for the CV of log, juvenile tree, leaf and coarse 

litter cover. 

4.3.4. Plant species richness and vegetation structure 

Species richness 

For all native growth forms except sedges, tree and woody species total (i.e. 

combined richness of trees and shrubs) there were fewer species in sites with 

increasing gamba grass cover (Table 4.6, Table III in Appendix I, Fig. 4.5). This 

association was strongest for native grasses, ‘other’ non-woody native species and 

shrub species, with richness of these growth forms typically two to three times higher 

in areas with zero or low gamba grass cover, than in areas with moderate to high 

cover (>30%) (Fig. 4.5). Conversely, gamba grass cover had a significant positive 

association with total exotic species richness (excluding gamba grass itself). 
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Table 4.5. Summarised Generalised Linear Modelling results of ground cover 

coefficient of variation (CV) from quadrats, versus gamba grass cover, grazing and 

fire disturbance. Models used GAMBA, GRAZ and FIRE as predictor variables and 

were constructed as described for Table 4.4. GAMBA was arcsine-transformed; 

paddock sites (dry: n=5, wet: n=4) were excluded from analyses of log cover CV, 

native juvenile tree cover CV, leaf and coarse litter cover CV. Statistically significant 

coefficients (+ or −) are indicated by * for P<0.01 or ** for P<0.001 and non-

significant results are indicated by ‘ns’. Full details of model construction and the 

complete GLM results are shown in Table II, Appendix I. 

CV Variable GAMBA GRAZ FIRE 

bare ground cover CV    

 dry ns ns ns 

 wet ns ns ns 

log cover CV    

 dry ns ns ns 

 wet ns ns ns 

total plant cover CV 

(all species incl. gamba grass) 

   

 dry ns ns ns 

 wet ns ns ns 

native annual grass cover CV    

 dry n. a.
a
   

 wet ns ns ns 

native perennial grass cover CV    

 dry ns ns ns 

 wet + * ns ns 

native sedge cover CV n. a.
a
   

other native species cover CV    

 dry n. a.
a
   

 wet ns ns ns 

native juvenile tree cover CV
+
    

 dry n. a.
a
   

 wet ns ns ns 

total native species cover CV    

 dry + * ns ns 

 wet + * ns ns 
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Table 4.5. Continued. 

CV Variable GAMBA GRAZ FIRE 

exotic species cover CV 

(excluding gamba grass) 

   

 dry ns ns ns 

 wet ns ns ns 

gamba cover CV
b
    

 dry − * ns ns 

 wet − ** ns ns 

leaf litter cover CV    

 dry ns ns ns 

 wet ns ns ns 

native grass litter cover CV    

 dry ns ns ns 

 wet + * ns ns 

coarse litter cover CV    

 dry ns ns ns 

 wet + ** ns ns 

gamba litter cover CV
b
    

 dry − * ns ns 

 wet ns ns ns 

a Insufficient data (growth form was recorded on too few sites, or too many sites without 

CV calculable) therefore no analysis was performed. 

b Sites without gamba grass (n=5) were excluded from analyses 
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Figure 4.4. Total native plant species cover coefficient of variation (CV) versus 

gamba grass cover and fire disturbance. A scatter plot of gamba grass cover CV 

versus gamba grass cover is also shown. Circles = dry season; triangles = wet season; 

solid shapes = Paddock sites; open shapes = all other sites. 
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Table 4.6. Summarised Generalised Linear Modelling results of plant species 

richness variables versus gamba grass cover, grazing and fire disturbance. Models 

used GAMBA, GRAZ and FIRE as predictor variables and were constructed as 

described for Table 4.4. GAMBA was arcsine-transformed; paddock sites (n=5) were 

excluded from analyses of woody species richness (i.e. shrub, tree, total woody 

richness). Statistically significant coefficients (+ or −) are indicated by * for P<0.01 

or ** for P<0.001 and non-significant results are indicated by ‘ns’. Full details of 

model construction and the complete GLM results are shown in Table III, Appendix 

I. 

Habitat Variable GAMBA GRAZ FIRE 

non-woody species richness    

 non-woody sp. (total) − * ns ns 

 grass species − * ns ns 

 sedge species ns ns ns 

 other non-woody sp. − * ns + * 

woody species richness    

 woody species (total) ns ns ns 

 tree species ns ns ns 

 shrub species − * ns ns 

total native species richness − ** ns + ** 

total exotic species richness. + ** ns ns 
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Figure 4.5. Species richness of native shrubs, trees, grasses, other non-woody 

species, total native species and total exotic species versus gamba grass cover. A 

scatter plot of total native species and total exotic species richness versus fire 

disturbance is also shown. Solid  = Paddock sites; open = all other sites. Paddock 

sites were excluded from analyses of woody species richness. * Excluding gamba grass 
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Grazing disturbance showed no evidence of an association with species richness of 

any growth form. Fire disturbance had a significant positive association with richness 

of ‘other’ non-woody native species and total native species, as well as an almost 

significant (P<0.05) negative influence on total exotic species richness (Table III in 

Appendix I, Fig 4.5). However, some significant interactions between gamba grass 

cover, grazing and fire disturbance were recorded for richness of other non-woody 

species (see Table III, Appendix I for details). Visual assessment of a scatter plot 

(Fig. 4.6a) revealed that where gamba grass cover was very low (< 10%), grazing 

disturbance was minimal on most sites and richness of other non-woody species was 

relatively high (5–10 spp.). As gamba grass cover increased, so too did grazing 

disturbance scores, and the effect of both these factors on species richness appeared 

to be exacerbated as sites with >25% gamba grass cover and moderate grazing 

disturbance had very low richness of other non-woody species (0–4 spp.) (Fig. 4.6a). 

The effect of the interaction between fire and grazing disturbance on other non-

woody species richness is shown in Fig. 4.6b. Overall, fire had a positive influence 

on the species richness of this group of plants (up to fire disturbance scores of 2.5). 

However, the response of other non-woody species richness to both moderate 

grazing and fire disturbance (e.g. disturbance scores > 3 for both measures) is 

unknown because such a disturbance regime did not occur on any sites during the 

study. Interactions between the predictor variables were non-significant for all the 

other species richness variables, and paddock sites were excluded from analyses of 

woody species richness. 

The relative influence of gamba grass, grazing and fire disturbance on native species 

richness is summarised in Table 4.7, which shows simple comparisons between sites 

with the lowest versus highest level of each type of disturbance (excluding paddock 

sites). Mean total native species richness was reduced by 35% in woodland sites with 

high-level gamba grass cover, whereas mean total native species richness was only 

14% and 3% lower, on sites with the highest level grazing and fire disturbance, 

respectively. 
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Figure 4.6. Richness of ‘other’ non-woody species versus (a) gamba grass cover and 

(b) fire disturbance. Open circles = minimal grazing disturbance (scores <1.0); 

shaded circles = low grazing disturbance (scores 1.0 ≤ x < 2.0); solid circles = 

moderate grazing disturbance (scores 2.0 ≤ x < 4). Trendlines for each grazing 

disturbance level are also shown (dashed = minimal; solid = low; bold = moderate). 

Paddocks sites are included but are not differentiated by unique symbols. 
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Table 4.7. Comparison of mean total native species richness for sites least and most 

disturbed by gamba grass, grazing and fire. Standard errors (in parentheses) and the 

percentage decrease in species richness (from least to most disturbed) are also 

shown. Species richness included all native species (non-woody and woody) and 

Paddock sites were excluded. ‘Least’ disturbed sites were defined as those with no 

gamba grass (i.e. gamba grass level ‘None’), and minimal grazing (scores <1.0) and 

fire disturbance (scores ≤1). ‘Most’ disturbed sites were defined as woodland sites 

with high gamba grass cover (i.e. gamba grass level ‘High’), and moderate grazing 

(scores ≥ 2.5) and fire disturbance (scores ≥3). 

 

Disturbance 

factor 

Mean total native 

species richness 

for least 

disturbed sites  

Mean total native 

species richness 

for most 

disturbed sites 

Percentage 

decrease in species 

richness 

Gamba grass 36.4 (3.4) 23.8 (2.8) 35 

Grazing 30.2 (1.7) 26.0 (0.0) 14 

Fire 29.0 (3.0) 28.0 (2.3) 3 
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Vegetation structure 

Gamba grass cover was not associated with variation in canopy cover, but did have a 

significant association with cover of vegetation in two (below canopy) height classes 

(Table 4.8, Table IV in Appendix I, Fig. 4.7). In the dry season, cover in the 1-3m 

height class increased, and in the wet season, cover in the 0.5–1m height class 

increased as gamba grass cover increased. However, as gamba grass itself was 

included in the cover estimates of the 1–3m and 0.5–1m vegetation height classes, 

these results should be interpreted with caution. Vegetation cover in the tallest height 

classes (>10m and 5–10m) appeared to decrease as gamba grass cover increased 

(Fig. 4.7), but these trends were statistically non-significant. There was no significant 

association between grazing or fire disturbance and vegetation cover in all height 

classes except 0.5–1m, for which an almost significant
2
 (P=0.02) negative 

association was found with grazing and an almost significant (P=0.04) association 

was found with fire disturbance, during the wet season only (Table IV in Appendix I, 

Fig. 4.7). Interactions between the predictor variables were non-significant for all 

vegetation cover variables and paddock sites were excluded from analyses of 5–10m 

and >10m cover. 

4.3.5. Gamba grass plant characteristics 

The relative abundance of the gamba grass plants, based on counts from quadrats, 

was significantly associated with the level of overall gamba grass cover for some size 

classes, but not others (Table 4.9, Table V in Appendix I). Relative abundance of the 

smallest plants (<5cm diameter) significantly decreased with increasing gamba grass 

cover, but this trend was only apparent in the wet season (Fig. 4.8). There was no 

significant trend for gamba grass cover to be associated with the relative abundance 

of plants in the intermediate size classes, 5–10cm and 10–20cm. 

                                                 
2
 Recall that a significance level of α = 0.01, and not 0.05, is used throughout the study; see section 

3.2.3, Chapter 3 for details. 
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Table 4.8. Summarised Generalised Linear Modelling results of vegetation structure 

variables versus gamba grass cover, grazing and fire disturbance. Models used 

GAMBA, GRAZ and FIRE as predictor variables and were constructed as described 

for Table 4.4. GAMBA was arcsine-transformed; paddock sites (n=5) were excluded 

from analyses of canopy cover, and vegetation cover 5–10m and >10m. Statistically 

significant coefficients (+ or −) are indicated by * for P<0.01 or ** for P<0.001 and 

non-significant results are indicated by ‘ns’. Full details of model construction and 

the complete GLM results are shown in Table IV, Appendix I. 

Vegetation variable GAMBA GRAZ FIRE 

canopy cover    

 dry ns ns ns 

 wet ns ns ns 

vegetation cover >10m    

 dry ns ns ns 

 wet ns ns ns 

vegetation cover 5–10m    

 dry ns ns ns 

 wet ns ns ns 

vegetation cover 3–5m    

 dry ns ns ns 

 wet ns ns ns 

vegetation cover 1–3m    

 dry + * ns ns 

 wet ns ns ns 

vegetation cover 0.5–1m    

 dry ns ns ns 

 wet + * ns ns 

vegetation cover 0–0.5m    

 dry ns ns ns 

 wet ns ns ns 
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Figure 4.7. Vegetation cover scores for six height classes (>10m, 5–10m, 3–5m, 1–

3m, 0.5–1m and 0–0.5m) versus gamba grass cover. Plots of 0.5–1m cover versus 

grazing disturbance, and 0–0.5m cover versus fire disturbance are also shown. 

Circles = dry; triangles = wet season; solid shapes = Paddock sites; open shapes = all 

other sites. Paddock sites were excluded from analyses and plots of >10m and 5–10m 

cover versus gamba grass cover (top). 
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Table 4.9. Summarised Generalised Linear Modelling results of relative abundance 

of gamba grass plants (in five tussock diameter size classes), plant dispersion and 

average plant height versus gamba grass cover, grazing and fire disturbance. Models 

used GAMBA, GRAZ and FIRE as predictor variables and were constructed as 

described for Table 4.4. Relative abundance of all plant sizes counts and GAMBA 

were arcsine-transformed; average plant height was log-10 transformed; sites without 

gamba grass (n=5) were excluded from analyses. Tussocks with a diameter >80cm 

were present on only two and three sites, in the dry and wet season, respectively, 

therefore no analyses were performed for this size class. Statistically significant 

coefficients (+ or −) are indicated by * for P<0.01 or ** for P<0.001 and non-

significant results are indicated by ‘ns’. Full details of model construction and the 

complete GLM results are shown in Table V, Appendix I. 

Variable GAMBA GRAZ FIRE 

rel. abun. of gamba grass plants 

(% of total plant count) 

 

  <5cm     

 dry ns ns ns 

 wet − * ns ns 

  5–10cm     

 dry ns ns ns 

 wet ns ns ns 

  10–20cm     

 dry ns ns ns 

 wet ns ns ns 

  20–50cm     

 dry ns ns ns 

 wet + * ns ns 

  50–80cm     

 dry + ** ns ns 

 wet + * + ** − ** 

plant dispersion    

 dry ns ns ns 

 wet ns ns ns 

average plant height    

 dry + * ns ns 

 wet ns − * ns 
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Figure 4.8. Relative abundance (% of total plant count) of gamba grass plants in six 

tussock diameter size classes (<5cm, 5–10cm, 10–20cm, 20–50cm, 50–80cm, and 

>80cm), plant dispersion and average plant height versus gamba grass cover. Sites 

without gamba grass were excluded. Circles = dry; triangles = wet season; solid 

shapes = Paddock sites; open shapes = all other sites. 
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Relative abundance of the larger plants generally increased as gamba grass cover 

increased and this trend was significant for plants 20–50cm (wet season only) and 

50–80cm (both seasons). Indeed the largest plants (50–80cm and >80cm) were 

recorded only on sites with more than about 20% gamba grass cover (Fig. 4.8). 

Grazing and fire disturbance had no significant influence on the relative abundance 

of any gamba grass plant size class except 50–80cm, for which the association was 

positive for grazing, and negative for fire disturbance (Table 4.9, Table V in 

Appendix I). 

Gamba grass cover, grazing and fire disturbance had no significant association with 

gamba grass plant dispersion scores (a measure of the degree of aggregation of 

individual plants across a site) (Table 4.9, Table V in Appendix I, Fig. 4.8), but a few 

trends were worth noting. The distribution of gamba grass plants was aggregated 

(dispersion scores >1) on the majority of sites and dispersion scores were generally 

higher (2–4) where gamba grass cover was low (<10%) (Fig. 4.8). Furthermore, 

some paddock sites had dispersion scores <1, indicating a more uniform distribution 

of gamba grass plants (Fig. 4.8). 

The average height of gamba grass plants was associated with different factors in 

each season. In the dry season, gamba grass cover had a significant positive 

association with the average height of gamba grass plants (Table 4.9, Table V in 

Appendix I, Fig. 4.8). In the wet season, the only significant (negative) association 

with average height of gamba grass plants was with grazing disturbance (Table 4.9, 

Table V in Appendix I). Fire disturbance was not significantly associated with 

average gamba grass plant height in either season, and interactions between the 

predictor variables were non-significant for all gamba grass plant variables. 

Paddocks sites were included in all analyses of gamba grass characteristics. 
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4.3.6. Tree characteristics 

All species combined 

Basal area values of all tree species combined (including dead trees) were not 

significantly associated with gamba grass cover for any size (DBH) classes except 

DBH 20–50cm, which showed a significant negative trend (Table 4.10, Table VI in 

Appendix I, Fig. 4.9). In contrast, basal area of the largest tree class (DBH >50cm) 

showed an almost significant (P=0.02) positive trend associated with gamba grass 

cover (Table VI, Appendix I). Grazing disturbance had no significant effect on the 

basal area of live trees in any size class or dead trees. Fire disturbance, however, was 

positively associated with the basal area of trees with DBH 20–50cm, and a similar 

(almost significant, P=0.06) trend was found for the basal area of dead trees (Table 

VI in Appendix I, Fig. 4.9). 

Major species 

The eight tree species identified as major species were (in alphabetical order) 

Alstonia actinophylla, Corymbia polycarpa, C. porrecta, Erythrophleum 

chlorostachys, Eucalyptus miniata, Eucalyptus tetrodonta, Syzygium suborbiculare 

and Xanthostemon paradoxus. Three species (Er. chlorostachys, Eu. miniata and Eu. 

tetrodonta) showed some evidence of a negative, albeit weakly significant (P<0.05), 

trend associated with gamba grass cover (Table 4.10, Table VI in Appendix I, Fig. 

4.10). Conversely, for the basal area of A. actinophylla (DBH >20cm and total), a 

significant positive association was found in relation to gamba grass cover (Table 

4.10, Table VI in Appendix I, Fig. 4.10). Interactions between the predictor variables 

were non-significant. Paddock sites were excluded from analyses for all basal area 

variables. 
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Table 4.10. Summarised Generalised Linear Modelling results of basal area (all live 

species, dead trees and major species) versus gamba grass cover, grazing and fire 

disturbance. Models used GAMBA, GRAZ and FIRE as predictor variables and were 

constructed as described for Table 4.4. GAMBA was arcsine-transformed; paddock 

sites (n=5) were excluded from analyses. Statistically significant coefficients (+ or −) 

are indicated by * for P<0.01 or ** for P<0.001 and non-significant results are 

indicated by ‘ns’. Full details of model construction and the complete GLM results 

are shown in Table VI, Appendix I. 

Basal area variable GAMBA GRAZ FIRE 

all live species    

 DBH<5cm ns ns ns 

 DBH 5–20cm ns ns ns 

 DBH 20–50cm − ** ns + * 

 DBH >50cm ns ns ns 

 total ns ns ns 

Dead trees (total) ns ns ns 

Alstonia actinophylla    

 DBH<20cm ns ns ns 

 DBH>20cm + * ns ns 

 total + * ns ns 

Corymbia polycarpa    

 DBH<20cm ns ns ns 

 DBH>20cm ns ns ns 

 total ns ns ns 

Corymbia porrecta    

 DBH<20cm ns ns ns 

 DBH>20cm ns ns ns 

 total ns ns ns 

Erythrophleum chlorostachys    

 DBH<20cm ns ns ns 

 DBH>20cm ns ns ns 

 total ns ns ns 
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Table 4.10. Continued. 

Basal area variable GAMBA GRAZ FIRE 

Eucalytus miniata    

 DBH<20cm ns ns ns 

 DBH>20cm − * ns ns 

 total − * ns ns 

Eucalyptus tetrodonta    

 DBH<20cm ns ns ns 

 DBH>20cm ns ns ns 

 total ns ns ns 

Syzygium suborbiculare    

 DBH<20cm ns ns ns 

 DBH>20cm ns ns ns 

 total ns ns ns 

Xanthostemon paradoxus    

 DBH<20cm ns ns ns 

 DBH>20cm ns ns ns 

 total ns ns ns 
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Figure 4.9. Basal area (m
2
 per ha; all live species combined) for DBH classes <5cm, 

5–20cm, 20–50cm, >50cm and all classes (BA total) versus gamba grass cover. 

Scatter plots of BA total versus grazing and fire disturbance, and total dead trees (all 

species in all DBH classes) versus fire disturbance are also shown. Paddock sites 

were excluded from analyses and plots.
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Figure 4.10. Total basal area (m
2
 per ha) of eight major tree species (y-axis) versus 

gamba grass cover (x-axis). Paddock sites were excluded from analyses and plots. 

0

1

2

3

0 10 20 30 40 50

Corymbia polycarpa

0

1

2

3

4

0 10 20 30 40 50

Eucalyptus tetrodonta

0

1

2

3

0 10 20 30 40 50

gamba grass cover (%)

Xanthostemon paradoxus

0

1

2

3

0 10 20 30 40 50

Alstonia actinophylla

0

1

2

0 10 20 30 40 50

Corymbia porrecta

0

1

2

0 10 20 30 40 50

gamba grass cover (%)

Syzygium suborbiculare

0

1

2

3

4

5

6

7

0 10 20 30 40 50

Eucalyptus miniata

0

1

2

3

0 10 20 30 40 50

 Erythrophleum  chlorostachys



Chapter 4. Effects of gamba grass on woodland habitat 

151 

Size composition 

Ordination plots of basal area values for four DBH classes and dead trees (all species 

combined) showed no evidence of distinction in tree size composition among gamba 

grass, grazing disturbance or fire disturbance levels (Fig. 4.11). The ANOSIM 

confirmed these findings with no global tests or pair-wise comparisons between 

gamba grass, grazing disturbance or fire disturbance levels recording statistically 

significant results (all R values <0.25) (Table 4.11). 

4.3.7. Frequency of occurrence of plant species 

A total of 179 plant species (70 woody, 109 non-woody), including gamba grass, was 

recorded during the study. The pattern of occurrence of all species (excluding gamba 

grass) across gamba grass levels is shown in Table 4.12 and a summary of the key 

patterns is given in Table 4.13. A high proportion (>40%) of both non-woody and 

woody species were only recorded on woodland sites with zero to moderate gamba 

grass cover (including all Acacia and Livistona (sand palm) species), and almost 20% 

of each group of species were only ever recorded on sites with no gamba grass 

infestation at all (Table 4.13). Not surprisingly, paddock sites were the most species 

poor, with the cumulative number of non-woody species almost half that recorded for 

woodland sites. Furthermore, the frequency of occurrence of exotic species tended to 

increase as gamba grass cover increased (Table 4.12). Despite these trends, using 

Fisher exact tests, I found only one significant negative association (for Aristida 

holathera) between the frequency of occurrence of species and the presence of 

gamba grass (Table 4.12). 
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Figure 4.11. Ordination plot of basal area DBH class composition for sites in each 

gamba grass level (top), grazing disturbance level (centre) and fire disturbance level 

(bottom). Grazing and fire disturbance levels are defined in Table 4.10. Points 

positioned more closely to each other have more similar compositions of DBH 

classes of trees. Paddock sites were excluded from analyses and plots. 
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Table 4.11. Summary of results from one-way ANOSIM comparing basal area size 

class ‘composition’ between pairs of (a) gamba grass, (b) grazing disturbance, and 

(c) fire disturbance levels. Basal area was for all species combined (size classes 

defined in Table 4.10) and included dead trees. Grazing and fire disturbance levels 

were based on combined pig and cattle grazing, or fire disturbance scores (averaged 

over all surveys for each site), and were defined as follows: grazing – Minimal: 0 < x 

<1; Low: 1.0 ≤ x < 2.0; Moderate: 2.0 ≤ x < 4; fire – Minimal: 0 < x ≤ 1.0; Low: 1 < 

x < 3; Moderate: x ≥ 3 (all scores were < 4). Paddock sites were excluded from 

analyses. The R statistic is an absolute measure of how separated the groups are on a 

scale of 0 (indistinguishable) to 1 (all similarities within groups < any similarity 

between groups); significance of comparisons are indicated by * for 0.25 ≤ |R| < 0.50 

or ** for |R| ≥ 0.50 (Clarke and Gorley 2001). Average Bray-Curtis dissimilarity (%) 

between pairs and the number of sites in each level are also shown. 

(a) Gamba grass level comparisons. Global R=-0.091, P=0.825. 

Gamba grass 

level 

None (n=5) Low (n=4) Moderate (n=5) High (n=5) 

None     

Low R=-0.113, P=0.754 

dissim.=19.9 

   

Moderate R=-0.100, P=0.659 

dissim.=24.6 

R=-0.081, P=0.587 

dissim.=22.8 

  

High R=-0.040, P=0.524 

dissim.=25.4 

R=-0.131, P=0.794 

dissim.=20.9 

R=-0.084, P=0.619 

dissim.=26.1 

 

(b) Grazing disturbance level comparisons. Only one woodland site was classified as 

Moderate; this site was included with the Low group for analyses. 

Grazing disturbance level Minimal (n=11) Low (n=8) 

Minimal   

Low R=-0.069, P=0.823 

dissim.=23.2 

 

(c) Fire disturbance level comparisons. Global R=-0.090, P=0.867. 

Fire disturbance level Minimal (n=6) Low (n=8) Moderate (n=5) 

Minimal    

Low R=-0.082, P=0.786 

dissim.=22.5 

  

Moderate R=-0.091, P=0.682 

dissim.=23.8 

R=-0.103, P=0.822 

dissim.=24.3 
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Table 4.12. Records of all woodland/paddock plant species (excluding gamba grass) 

across gamba grass levels. Values are the number of sites a species was recorded on 

(maximum = 5 for None, Moderate, High and Paddock; maximum = 4 for Low). 

Exotic species are indicated by boldface. The cumulative number of species (total, 

exotic in parentheses) recorded in each gamba grass level is also provided. 

Statistically significant results of Fisher tests for association between the frequency 

of occurrence of individual species and the presence or absence of gamba grass are 

indicated by * for P<0.01. 

Species Gamba grass level 

 None Low Moderate High Paddock 

non-woody      

 Abrus precatorius 0 0 0 1 0 

 Alloteropsis semialata 0 2 0 1 0 

 Alysicarpus vaginalis 0 0 0 0 2 

 Ampelocissus acetosa 3 2 2 2 0 

 Anisomeles malabarica 1 0 0 0 0 

 Aristida holathera* 3 0 0 0 0 

 Arthrostylis aphylla 1 1 1 0 0 

 Bidens bipinnata 0 0 2 0 0 

 Bonamia brevifolia 2 0 0 0 0 

 Bothriochloa bladhii 0 0 0 0 1 

 Bulbostylis barbata 0 0 2 2 2 

 Calopogonium mucunoides 1 1 1 2 2 

 Cartonema spicatum 2 0 1 0 0 

 Cassytha filiformis 0 0 0 1 0 

 Chamaecrista nomame 0 1 0 0 0 

 Chamaecrista rotundifolia 0 0 0 0 3 

 Chrysopogon fallax 2 1 0 0 0 

 Commelina ensifolia 2 0 0 0 0 

 Crotalaria brevis 0 1 0 0 0 

 Crotalaria goreensis 1 0 1 2 0 

 Crotalaria medicaginea 2 0 1 1 0 

 Crotalaria montana 0 0 1 0 0 

 Cyanthillium cinereum 1 0 0 0 0 

 Cyperus aquatilis 0 1 0 0 0 

 Cyperus cuspidatus 0 0 1 1 2 

 Cyperus iria 0 0 0 0 4 

 Cyperus javanicus 0 1 1 1 0 

 Cyperus nervulosus 0 0 0 1 0 

 Cyperus pulchellus 0 1 0 1 0 
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Table 4.12. Continued. 

Species Gamba grass level 

 None Low Moderate High Paddock 

 Decaisnina signata 0 0 0 1 0 

 Desmodium pullenii 0 0 1 1 0 

 Desmodium pycnotrichum 3 3 3 1 0 

 Desmodium trichostachyum 0 0 0 1 0 

 Digitaria violascens 0 0 0 1 0 

 Dunbaria singuliflora 1 0 0 0 0 

 Ectrosia leporina 0 0 0 0 2 

 Eragrostis cumingii 2 3 4 1 2 

 Eriachne burkittii 1 0 0 0 0 

 Eriachne triseta 4 3 5 0 0 

 Euphorbia schizolepis 1 0 0 0 0 

 Evolvulus nummularis 0 1 0 0 0 

 Fimbristylis acuminata 0 0 0 1 0 

 Fimbristylis depauperata 0 0 0 0 2 

 Fimbristylis dichotoma 0 1 0 0 0 

 Fimbristylis littoralis 0 1 0 0 2 

 Fimbristylis pauciflora 0 1 1 2 2 

 Fimbristylis xyridis 2 0 0 0 0 

 Flemingia parviflora 0 2 2 0 0 

 Fuirena ciliaris 0 0 0 0 2 

 Galactia tenuiflora 1 0 0 0 0 

 Gomphrena canescens 0 0 1 1 0 

 Goodenia armstrongiana 1 0 0 0 0 

 Goodenia holtzeana 3 2 3 2 0 

 Gymnanthera oblonga 1 1 0 0 0 

 Heteropogon triticeus 3 1 0 0 0 

 Hyptis suaveolens 1 0 3 4 2 

 Ipomoea abrupta 0 2 1 0 0 

 Ipomoea diversifolia 1 0 0 0 0 

 Ipomoea graminea 1 1 0 0 0 

 Kailarsenia suffruticosa 1 0 0 0 0 

 Lindernia ciliata 0 0 0 1 1 

 Lomandra tropica 1 0 0 0 0 

 Ludwigia hyssopifolia 0 1 0 0 3 

 Ludwigia octovalvis 0 0 0 0 1 

 Macroptilium lathyroides 0 0 0 0 2 

 Melochia corchorifolia 0 1 0 2 3 
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Table 4.12. Continued. 

Species Gamba grass level 

 None Low Moderate High Paddock 

 Mitracarpus hirtus 1 0 3 0 1 

 Mitrasacme connata 0 2 2 0 0 

 Panicum mindanaense 0 0 0 0 2 

 Panicum trichoides 0 0 1 1 0 

 Passiflora foetida 0 1 2 1 2 

 Pennisetum pedicellatum 0 0 1 1 1 

 Phyllanthus urinaria 0 0 0 0 1 

 Phyllanthus virgatus 0 1 0 0 0 

 Physalis minima 0 0 0 1 0 

 Poranthera microphylla 0 2 0 0 0 

 Rhynchospora heterochaeta 0 1 0 0 0 

 Rhynchospora longisetis 0 0 0 1 0 

 Salomonia ciliata 1 0 0 0 0 

 Sarga timorense 2 1 0 2 2 

 Sauropus ditassoides 1 0 0 0 0 

 Sauropus paucifolius 3 2 1 0 0 

 Schizachyrium fragile 1 0 0 0 0 

 Scleria novae-hollandiae 0 1 0 0 0 

 Scleria rugosa 0 0 0 1 0 

 Secamone elliptica 1 0 0 0 0 

 Senna tora 0 0 0 0 2 

 Setaria apiculata 2 1 4 2 0 

 Sida acuta 0 0 0 1 1 

 Sida cordifolia 0 0 1 0 0 

 Smilax australis 1 3 3 0 0 

 Spermacoce breviflora 1 1 0 2 0 

 Spermacoce exserta 1 0 3 1 0 

 Spermacoce leptoloba 2 2 4 1 0 

 Sporobolus pulchellus 0 1 1 0 1 

 Striga curviflora 1 0 0 0 0 

 Stylosanthes hamata 0 0 0 0 1 

 Tacca leontopetaloides 1 0 1 1 0 

 Tephrosia remotiflora 1 2 2 1 0 

 Thaumastochloa major 3 1 1 1 0 

 Themeda triandra 0 1 0 0 0 

 Thysanotus banksii 2 0 0 0 0 

 Trachymene sp. 1 0 0 0 0 
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Table 4.12. Continued. 

Species Gamba grass level 

 None Low Moderate High Paddock 

 Triumfetta pentandra 0 0 1 2 0 

 Urochloa holosericea 2 1 2 1 0 

 Urochloa polyphylla 0 1 2 0 0 

 Vigna lanceolata var. filiformis 0 1 0 0 0 

 Whiteochloa capillipes 2 3 1 1 0 

 Xyris complanata 0 0 0 0 2 

 Cumulative number of non-woody 

species, total (exotic) 

49(4) 45(4) 40(8) 43(8) 30(12) 

woody 
     

 Acacia difficilis 1 0 1 0 0 

 Acacia dimidiata 0 2 1 0 0 

 Acacia lamprocarpa 2 1 1 0 0 

 Acacia platycarpa 0 0 2 0 0 

 Acacia plectocarpa 0 1 0 0 0 

 Aeschynomene villosa 0 1 0 0 1 

 Alphitonia excelsa 3 2 4 0 0 

 Alstonia actinophylla 2 3 5 3 0 

 Antidesma ghesaembilla 1 0 1 0 0 

 Brachychiton diversifolius 2 1 1 0 0 

 Brachychiton megaphyllus 2 0 0 0 0 

 Breynia cernua 0 0 0 1 0 

 Bridelia tomentosa 1 0 1 0 0 

 Buchanania obovata 4 2 4 2 0 

 Calytrix exstipulata 2 0 1 0 0 

 Canarium australianum 0 0 0 1 0 

 Cochlospermum fraseri 1 0 0 0 0 

 Corymbia bella 1 0 0 4 0 

 Corymbia bleeseri 0 1 0 2 0 

 Corymbia confertiflora 0 1 0 1 0 

 Corymbia grandifolia 0 1 1 2 0 

 Corymbia latifolia 2 0 0 2 0 

 Corymbia polycarpa 3 2 3 5 0 

 Corymbia polysciada 1 1 1 2 0 

 Corymbia porrecta 4 2 2 1 0 

 Croton arnhemicus 3 2 0 2 0 

 Denhamia obscura 2 0 1 1 0 

 Distichostemon hispidulus 1 0 0 0 0 

 Erythrophleum chlorostachys 5 4 5 4 1 

 Eucalyptus miniata 5 3 4 5 1 
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Table 4.12. Continued. 

Species Gamba grass level 

 None Low Moderate High Paddock 

 Eucalyptus miniata 5 3 4 5 1 

 Eucalyptus tectifica 1 0 0 0 0 

 Eucalyptus tetrodonta 5 3 3 1 0 

 Ficus opposita 4 0 1 1 1 

 Ficus scobina 1 0 2 1 0 

 Ficus virens 0 0 0 1 0 

 Gardenia megasperma 2 0 2 1 0 

 Grevillea decurrens 2 0 0 0 0 

 Hakea arborescens 1 0 0 0 0 

 Hibbertia cistifolia 0 1 0 0 0 

 Hibiscus meraukensis 2 0 3 2 0 

 Jacksonia dilatata 1 0 1 0 0 

 Livistona humilis 2 0 0 0 0 

 Livistona inermis 0 0 1 0 0 

 Lophostemon lactifluus 2 1 2 4 0 

 Mallotus nesophilus 0 0 0 2 0 

 Maranthes corymbosa 0 0 0 1 0 

 Melaleuca nervosa 0 1 2 1 0 

 Melaleuca viridiflora 0 1 0 0 0 

 Owenia vernicosa 1 0 0 0 0 

 Pachynema junceum 2 0 0 0 0 

 Pandanus spiralis 4 4 2 1 0 

 Parinari nonda 1 0 0 3 0 

 Pavetta brownii 1 0 0 0 0 

 Persoonia falcata 2 0 0 0 0 

 Petalostigma pubescens 3 1 1 2 0 

 Petalostigma quadriloculare 2 0 0 0 0 

 Planchonia careya 4 2 2 0 1 

 Pouteria arnhemica 2 1 1 0 0 

 Strychnos lucida 0 0 0 1 0 

 Stylosanthes scabra 0 0 0 1 1 

 Syzygium eucalyptoides subsp. 

bleeseri 

1 1 0 0 0 

 Syzygium suborbiculare 3 2 4 3 1 

 Terminalia ferdinandiana 4 2 4 3 0 

 Urena lobata 1 1 2 2 0 

 Verticordia cunninghamii 1 0 0 0 0 
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Table 4.12. Continued. 

Species Gamba grass level 

 None Low Moderate High Paddock 

 Vitex glabrata 0 0 1 1 0 

 Waltheria indica 1 2 4 3 0 

 Wrightia saligna 0 1 0 0 0 

 Xanthostemon paradoxus 3 2 4 3 0 

 Cumulative number of woody 

species, total (exotic) 

 

49(0) 33(0) 37(0) 37(1) 7(1) 

Cumulative number of all species, 

  total (exotic) 

98(4) 78(4) 7 (8) 80(9) 37(13) 

 

 

Table 4.13. Summary of the pattern of occurrence of plant species across gamba 

grass levels. Values expressed as the percentage of the total number of non-woody 

species (108 sp., excluding gamba grass) or woody species (70 sp.) are shown in 

parentheses. 

Number of species recorded exclusively on… 

 gamba grass 

paddock sites 

woodland sites with zero, low or 

moderate gamba grass cover 

sites without 

gamba grass 

non-woody     

 native 9 (8%) 45 (42%) 20 (19%) 

 exotic 4 (4%) 3 (3%) 0 (0%) 

woody     

 native 0 (0%) 30 (43%) 11 (16%) 

 exotic 0 (0%) 0 (0%) 0 (0%) 
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4.3.8. Floristic composition 

Species recorded on one site only (41 non-woody sp., 18 woody sp.) and gamba 

grass were excluded from analyses of floristic composition. The ordination plots 

show evidence of compositional distinction in both woody and non-woody species 

among some gamba grass levels (Fig. 4.12). The ANOSIM results indicated a 

significant difference (R>0.25) in the composition of non-woody species between 

paddock sites and sites with zero, low or moderate gamba grass (Table 4.14). For 

woody species, paddock sites were excluded from all analyses and community 

composition on sites with no gamba grass cover was significantly different from 

species composition on sites with high-level gamba grass cover (Table 4.14). All 

other pair-wise comparisons had low R statistic values (<0.25) indicating minimal 

distinction in species composition. 

As the level of gamba grass cover increased, the relative contribution to similarity 

scores decreased for native non-woody species, but increased for exotic non-woody 

species (Table 4.15). In short, the results show that, as gamba grass cover increases, 

some native species decline and, in the ground-layer, exotic species become more 

prevalent. The composition of woodland sites with high levels of gamba grass was 

largely a subset of the native species found on non-gamba grass sites, plus gamba 

grass and several other exotic species. Conversely, the composition of paddock sites 

was largely comprised of a different suite of mostly exotic species. 

Grazing disturbance was associated with variation in non-woody plant assemblages, 

with significant compositional distinction evident between sites with minimal 

grazing disturbance and those with low or moderate grazing disturbance (Table 4.16, 

Fig. 4.13). 
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Figure 4.12. Ordination plots of non-woody (top) and woody (bottom) plant species 

composition for sites in each gamba grass level. Paddock sites were excluded from 

analyses and the ordination plot of woody species. 
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Table 4.14. Summary of results from one-way ANOSIM comparing (a) non-woody 

and (b) woody plant species composition between pairs of gamba grass levels. 

Comparisons showing evidence of distinction are indicated by * for 0.25 ≤ |R| <0.50 

or ** for |R| ≥ 0.50. Average Bray-Curtis dissimilarity (%) between pairs is also 

shown. 

(a) Non-woody species. Global R=0.287*, P=0.003. 

Gamba grass 

level 

None Low Moderate High Paddock 

None      

Low R=-0.063 

P=0.587 

dissim.=71.1 

    

Moderate R=0.138 

P=0.143 

dissim.=70.0 

R=0.031 

P=0.349 

dissim.=67.6 

   

High R=0.156 

P=0.214 

dissim.=82.9 

R=0.222 

P=0.135 

dissim.=82.8 

R=0.150 

P=0.159 

dissim.=77.1 

  

Paddock R=0.776** 

P=0.008 

dissim.=95.4 

R=0.484* 

P=0.024 

dissim.=89.5 

R=0.660** 

P=0.008 

dissim.=89.5 

R=0.150 

P=0.175 

dissim.=84.0 

 

(b) Woody species. Global R=0.103, P=0.118. Paddock sites were excluded from 

analyses. 

Gamba grass 

level 

None Low Moderate High 

None     

Low R=0.041, P=0.341 

dissim.=55.6 

   

Moderate R=0.016, P=0.429 

dissim.=53.4 

R=-0.097, P=0.754 

dissim.=53.1 

  

High R=0.286*, P=0.087 

dissim.=61.1 

R=0.097, P=0.254 

dissim.=60.7 

R=0.134, P=0.179 

dissim.=56.8 
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Table 4.15. Average among-site similarity and major species (woody and non-woody) contributing to the composition of woodland sites 

in each gamba grass level. The species listed collectively contributed up to 80% of the total average similarity among sites within each 

gamba grass level. The cumulative percentage contribution of each species to the total average Bray-Curtis similarity (in decreasing 

order of importance) is also presented. Exotic species are indicated by boldface. 

Gamba grass level Average % similarity Non-woody species Cum. %  Woody species Cum. % 

None 30.7 (non-woody) 

49.7 (woody) 

 

Eriachne triseta 

Thaumastochloa major 

Aristida holathera 

Sauropus paucifolius 

Heteropogon triticeus 

Ampelocissus acetosa 

Desmodium pycnotrichum 

Goodenia holtzeana 

Whiteochloa capillipes 

Setaria apiculata 

Eragrostis cumingii 

Chrysopogon fallax 

17.9 

26.9 

35.7 

43.1 

50.5 

58.0 

64.4 

70.8 

73.8 

76.8 

79.7 

82.5 

 Erythrophleum chlorostachys 

Eucalyptus miniata 

Eucalyptus tetrodonta 

Planchonia careya 

Buchanania obovata 

Terminalia ferdinandiana 

Ficus opposita 

Pandanus spiralis 

Corymbia porrecta 

Xanthostemon paradoxus 

Petalostigma pubescens 

Syzygium suborbiculare 

Corymbia polycarpa 

Croton arnhemicus 

10.1 

20.3 

30.4 

36.7 

43.1 

49.1 

55.1 

61.1 

67.1 

70.1 

72.8 

75.6 

78.3 

81.1 

Low 28.6 (non-woody) 

39.9 (woody) 

 

Eragrostis cumingii  

Smilax australis 

Whiteochloa capillipes 

Desmodium pycnotrichum 

Eriachne triseta 

Tephrosia remotiflora 

Ampelocissus acetosa 

Flemingia parviflora 

Spermacoce leptoloba 

Xyris complanata 

Ipomoea abrupta 

12.7 

24.5 

36.4 

48.2 

60.0 

64.5 

68.8 

72.5 

76.0 

79.4 

82.8 

 Pandanus spiralis 

Erythrophleum chlorostachys 

Eucalyptus miniata 

Eucalyptus tetrodonta 

Alstonia actinophylla 

Corymbia polycarpa 

Syzygium suborbiculare 

Croton arnhemicus 

Buchanania obovata 

 

19.7 

39.5 

49.6 

58.4 

67.3 

70.9 

74.2 

77.6 

80.7 
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Table 4.15. Continued. 

Gamba grass level Average % similarity Non-woody species Cum. %  Woody species Cum. % 

Moderate 36.8 (non-woody) 

49.3 (woody) 

 

Eriachne triseta 

Spermacoce leptoloba 

Setaria apiculata 

Eragrostis cumingii 

Spermacoce exserta 

Goodenia holtzeana 

Hyptis suaveolens 

Mitracarpus hirtus 

Smilax australis 

Desmodium pycnotrichum 

19.8 

30.5 

40.9 

51.4 

59.0 

64.7 

69.9 

75.1 

79.6 

84.0 

 Erythrophleum chlorostachys 

Alstonia actinophylla 

Syzygium suborbiculare 

Alphitonia excelsa 

Terminalia ferdinandiana 

Waltheria indica 

Xanthostemon paradoxus 

Eucalyptus miniata 

Buchanania obovate 

Hibiscus meraukensis 

 

13.0 

26.0 

33.7 

41.3 

48.3 

55.4 

62.4 

69.4 

76.4 

80.7 

High 18.5 (non-woody) 

46.1 (woody) 

 

Hyptis suaveolens 

Sarga timorense 

Spermacoce breviflora 

Ampelocissus acetosa 

Bulbostylis barbata 

Calopogonium mucunoides 

Crotalaria goreensis 

Melochia corchorifolia 

38.5 

45.7 

52.9 

60.2 

65.8 

71.5 

77.2 

82.1 

 Corymbia polycarpa 

Eucalyptus miniata 

Lophostemon lactifluus 

Erythrophleum chlorostachys 

Corymbia bella 

Terminalia ferdinandiana 

Waltheria indica 

Syzygium suborbiculare 

Xanthostemon paradoxus 

Parinari nonda 

15.4 

30.8 

40.0 

49.2 

58.1 

62.7 

67.3 

71.6 

75.8 

80.1 
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Table 4.15. Continued. 

Gamba grass level Average % similarity Non-woody species Cum. %  Woody species Cum. % 

Paddock 29.3 (non-woody) Cyperus iria 

Melochia corchorifolia 

Chamaecrista rotundifolia 

Ludwigia hyssopifolia 

Sarga timorense 

Macroptilium lathyroides 

Passiflora foetida 

Fimbristylis littoralis 

Calopogonium mucunoides 

Senna tora 

Eragrostis cumingii 

Bulbostylis barbata 

Cyperus cuspidatus 

19.4 

30.5 

40.0 

48.8 

52.9 

56.9 

60.9 

64.9 

68.9 

72.0 

75.1 

78.2 

81.3 

 n.a.  
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Table 4.16. Summary of results from one-way ANOSIM comparing (a) non-woody 

and (b) woody plant species composition between pairs of grazing disturbance levels. 

Levels are defined in Table 4.11. Comparisons showing evidence of distinction are 

indicated by * for 0.25 ≤ |R| <0.50 or ** for |R| ≥ 0.50. Average Bray-Curtis 

dissimilarity (%) between pairs is also shown. 

(a) Non-woody species. Global R=0.473*, P=0.001. 

Grazing disturbance level Minimal Low Moderate 

Minimal    

Low R=0.405*, P=0.001 

dissim.=81.1 

  

Moderate R=0.805**, P=0.001 

dissim.=89.9 

R=0.107, P=0.186 

dissim.=84.3 

 

(b) Woody species. Paddock sites were excluded from analyses. 

Grazing disturbance level Minimal Low
^
 

Minimal   

Low R=0.174, P=0.058 

dissim.=58.0 

 

^ Only one woodland site was classified as ‘Moderate’ (score = 3);  

this site was included with the ‘Low’ group for analyses of woody species. 
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Figure 4.13. Ordination plots of non-woody (top) and woody (bottom) plant species 

composition for sites in each grazing disturbance level. Paddock sites were excluded 

from analyses and the ordination plot of woody species. 
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The majority of sites classed as having moderate or low grazing disturbance were 

either paddock sites or sites with high-level gamba grass cover. Therefore, the 

specific nature of differences in non-woody species composition among grazing 

disturbance levels was likely to be similar to the pattern observed for gamba grass 

levels (i.e. fewer native species and more exotics, as grazing disturbance 

increased).There was no evidence that woody species composition varied in relation 

to grazing disturbance (Table 4.16, Fig. 4.13). Similarly fire disturbance was not 

associated with either woody or non-woody species composition (Table 4.17, Fig. 

4.14). 

4.3.9. Species accumulation curves 

Species accumulation curves showed some notable differences in rates of 

accumulation among gamba grass levels, for both non-woody and woody species 

(Figs 4.15 and 4.16). For non-woody species, the total cumulative richness was 

highest for sites with no gamba grass cover (49 spp.) although the rate of species 

accumulation (based on the shape of the curve) was similar for sites with zero or low 

gamba grass cover. Sites with moderate and high gamba grass cover had slightly 

lower total cumulative richness of non-woody species (40–43spp.) and a slower rate 

of species accumulation than sites with less gamba grass cover. Paddock sites had the 

lowest total cumulative richness (30 spp.) and a markedly slower rate of non-woody 

species accumulation. However, for woody species, the only substantial difference in 

total cumulative richness or rate of species accumulation was between sites with no 

gamba grass and all other sites (excluding paddock sites) (Fig. 4.16). The total 

cumulative richness for sites with low to high-level gamba grass cover was 33–37 

woody species whereas in the sites without gamba grass this figure was 

approximately 30% higher (49 spp.). 

 



Chapter 4. Effects of gamba grass on woodland habitat 

169 

Table 4.17. Summary of results from one-way ANOSIM comparing (a) non-woody 

and (b) woody plant species composition between pairs of fire disturbance levels. 

Levels are defined in Table 4.11. Comparisons showing evidence of distinction are 

indicated by * for 0.25 ≤ |R| <0.50 or ** for |R| ≥ 0.50. Average Bray-Curtis 

dissimilarity (%) between pairs is also shown. 

(a) Non-woody species. Global R=0.012, P=0.403. 

Fire disturbance level Minimal Low Moderate 

Minimal    

Low R=0.001, P=0.451 

dissim.=79.8 

  

Moderate R=-0.036, P=0.602 

dissim.=82.4 

R=0.172, P=0.109 

dissim.=76.9 

 

 

(b) Woody species. Global R=0.097, P=0.141. Paddock sites were excluded from 

analyses. 

Fire disturbance level Minimal Low Moderate 

Minimal    

Low R=0.107, P=0.165 

dissim.=58.0 

  

Moderate R=-0.060, P=0.671 

dissim.=53.9 

R=0.182, P=0.120 

dissim.=57.9 
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Figure 4.14. Ordination plots of non-woody (top) and woody (bottom) plant species 

composition for sites in each fire disturbance level. Paddock sites were excluded 

from analyses and the ordination plot of woody species. 
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Figure 4.15. Cumulative non-woody plant species richness for sites in each gamba 

grass level (top), grazing disturbance level (centre) and fire disturbance level 

(bottom). 

0

10

20

30

40

50

60

70

80

0 1 2 3 4 5 6 7 8 9 10 11

none
low
moderate
high
paddock

gamba grass level
c
u

m
u

la
ti

v
e
 s

p
e
c
ie

s 
ri

c
h

n
e
ss

0

10

20

30

40

50

60

70

80

0 1 2 3 4 5 6 7 8 9 10 11

minimal

low
moderate

c
u

m
u

la
ti

v
e
 s

p
e
c
ie

s 
ri

c
h

n
e
ss

grazing disturbance level

0

10

20

30

40

50

60

70

80

0 1 2 3 4 5 6 7 8 9 10 11

number of sites

minimal

low

moderate

fire disturbance level

c
u

m
u

la
ti

v
e
 s

p
e
c
ie

s 
ri

c
h

n
e
ss



Chapter 4. Effects of gamba grass on woodland habitat 

172 

 

Figure 4.16. Cumulative woody plant species richness for sites in each gamba grass 

level (top), grazing disturbance level (centre) and fire disturbance level (bottom). 

Paddock sites were excluded from analyses and plots. Cumulative richness for 

‘low/moderate’ grazing disturbance was calculated from sites in both these groups 

combined because only one non-paddock site was classified as having moderate 

grazing disturbance. 
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Examination of the patterns of species accumulation in relation to grazing 

disturbance revealed a difference among levels for non-woody species only (Fig. 

4.15 and 4.16). There were different numbers of sites in each grazing disturbance 

level, hence comparisons of the total cumulative species richness were not 

appropriate. However, based on the species accumulation curves, the cumulative 

richness for five sites only was notably less (~36 spp.) for sites with moderate versus 

minimal or low grazing disturbance (~47–50 spp.). As mentioned in the previous 

section, most of the sites with moderate grazing disturbance were paddock sites, 

therefore the observed trend may simply be a reflection of the previously established 

floristic differences between paddock and all other sites. Lastly, fire disturbance 

appeared to have little influence on total cumulative richness or rate of species 

accumulation for both non-woody and woody species (Fig. 4.15 and 4.16). 

4.4. Discussion 

This study shows that in the thirty or so years since its introduction to the Mary River 

catchment, gamba grass has led to a substantial transformation of the environment, 

and this impact is at least as substantial as that attributable to grazing or fire. The 

main effects evident from this study are (i) reduced diversity of native, ground-layer 

plants and shrubs, and (ii) changes to the relative amounts of litter types (i.e. a 

decrease in the cover of native litter and an increase in gamba grass litter). The 

possible underlying mechanisms and wider ecological implications of these changes 

are discussed further below. 

4.4.1. Effects on plant diversity 

There was strong evidence that gamba grass had a negative impact on the abundance 

(cover) and richness of native, ground layer plant species. Native annual and 

perennial grasses, the growth forms that usually dominate savanna understoreys, had 

substantially lower cover in areas of high gamba grass cover, particularly in the wet 

season. The negative association between gamba grass and species richness was 

evident for most non-woody plant forms, but was most pronounced for the ‘other’ 

non-woody native species group (i.e. all herbs, forbs, ground cover vines, etc). These 
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results were consistent with other studies on the impacts of alien grasses on the 

richness and abundance of native ground-vegetation. For example, Heidinga and 

Wilson (2002) found that native species richness was reduced by 35% in a Canadian 

native short grass prairie invaded by crested wheatgrass (Agropyron cristatum). 

Similarly, in Brazilian savannas (cerrados) the African grass, Melinis minutiflora, 

was found to have an exclusion effect over native grasses and other herbaceous 

species (Pivello et al. 1999; Hoffman et al. 2004). In Australia, a highly significant 

negative relationship was found between the cover of exotic species and richness of 

native herbaceous plants in the central wheatbelt of Western Australia (Abensperg-

Traun et al. 1998), and savannas invaded by buffel grass (Cenchrus ciliaris) were 

found to have substantially reduced native plant diversity (Fairfax and Fensham 

2000; Franks 2002). Interestingly, the cover and richness of exotic species (excluding 

gamba grass) increased significantly as gamba grass cover increased, with total 

exotic species cover as high as 12% in areas where gamba grass cover was greater 

than 30%. This result may be attributable to variations in past and current land 

management practices across the sites. For example, other exotic plants may have 

been deliberately or accidentally sown in gamba grass paddocks (e.g. from additional 

cattle fodder such as hay bales), hence ‘artificially’ increasing the species richness 

and abundance of exotic plants on these sites. Analysis of non-woody species 

composition reflected this pattern as paddock sites were found to be distinct (and had 

a higher proportion of exotic species) from sites with zero to moderate gamba grass 

cover. 

It is clear that gamba grass is able to competitively exclude many species. Pivello et 

al. (1999) suggest that the competitive success of African grasses (such as gamba 

grass) over native species in South America may be because they have a higher 

allocation of biomass to leaf production, higher photosynthetic capacity and are more 

efficient in the use of nitrogen, than native species. In addition, gamba grass has high 

seed production (56 000 – 90 000 seeds per mature plant per year; Flores 1999), as 

well as higher and faster germination capacity (compared to native Brazilian grass 

species) (Klink 1996). Another mechanism that may confer a competitive advantage 

of gamba grass is increased shading of the soil surface close to gamba grass plants. 
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Cover of vegetation in the 1m to 3m height class (i.e. the typical height of mature 

gamba grass plants) increased significantly with gamba grass cover and therefore 

shading was also increased. Shading reduces light availability and may modify other 

soil microclimate characteristics (e.g. moisture and temperature) which could affect 

seed germination success. For instance, in dry sclerophyll forests in Victoria, an 

invasive shrub (Pittosporum undulatum) has modified the light regime through 

increased shading and this is believed to have caused a reduction in species richness 

and cover of native understorey plants (Mullet and Simmons 1995). However, 

intensive manipulative experiments would be required to gain a clear understanding 

of the mechanisms by which gamba grass is able to competitively exclude other 

species. 

Results of this study have provided some evidence that gamba grass invasion may 

also be adversely affecting savanna shrubs and trees. Firstly, no significant 

associations were found in relation to gamba grass cover and scores for vegetation 

cover in the shrub and tree height classes (i.e. 3–5m, 5–10m, >10m) and canopy 

cover. These results are consistent with the findings of Setterfield et al. (2005) that 

canopy cover does not affect the establishment success or survival of gamba grass. 

However, shrub species richness and the cover of juvenile trees decreased 

significantly with increasing gamba grass cover, indicating that gamba grass may 

inhibit the survival and/or recruitment of some woody species. Indeed, invasive 

exotic grasses have already been shown to impede tree recruitment by reducing 

germination and early seedling growth of trees in Brazil, Hawaii and Australia 

(D’Antonio and Mack 2001; Franks 2002; Hoffman et al. 2004), and D’Antonio and 

Mack (2001) concluded that decreased light availability at the soil surface was a 

primary factor influencing establishment success of trees in areas invaded by the 

exotic grass, Schizachyrium condensatum, in Hawaii. 

Analysis of woody species composition demonstrated that sites without gamba grass 

were distinct from sites with high-level gamba grass cover and closer examination 

revealed a greater prevalence of smaller tree species and shrubs (i.e. mid-storey 

species) on sites without gamba grass. 
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It is unknown whether this trend reflects a competitive exclusion effect of gamba 

grass over some native woody species, or vice versa. 

There was also evidence of a negative association between the abundance of older 

and larger trees and gamba grass, with the basal area of three major species 

(Erythrophleum chlorostachys, Eucalyptus miniata and Eu. tetrodonta; DBH >20cm) 

lower on sites with moderate to high gamba grass cover. Possible mechanisms that 

could lead to the reduced abundance of large trees may be related to changes in fire 

regimes associated with increased gamba grass cover. 

4.4.2. Changes to litter composition 

There was a significant decrease in the cover of almost all types of native (non-

gamba grass) litter, and an increase in total plant cover (i.e. including gamba grass) 

and gamba grass litter, corresponding with increasing gamba grass cover. The net 

result of these changes is that, in areas with high levels of gamba grass cover, there is 

an overall increase in ground layer plant biomass which, in the dry season, comprises 

a substantially greater amount of cured, and hence highly flammable, grassy 

material. Studies on savannas and in other environments have reported that changes 

to litter and fuel load characteristics can lead to ecosystem-level impacts through 

effects on litter decomposition rates (Ogle et al. 2003; Standish et al. 2004), carbon 

and nitrogen cycling (Mack et al. 2000; Williams and Baruch 2000), and fire regimes 

(Hughes et al. 1991; D’Antonio et al. 2000). Rossiter et al. (2003) demonstrated that 

dense stands of gamba grass can have fuel loads up to seven times higher, and 

support significantly more intense fires than areas of native grass savanna. 

Consequently there is a high probability that through changes to (non-woody) plant 

biomass and litter characteristics alone, gamba grass invasions could lead to 

ecosystem-level impacts in tropical savannas. 

4.4.3. Effects of fire and implications of altered fire regimes 

It is well-established that exotic grasses, including gamba grass, can have 

substantially higher fuel loads which can produce more damaging fire regimes than 

occur in areas with native ground-layer vegetation (see Chapter 2 and Introduction, 
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this chapter). No significant correlation was found between gamba grass cover and 

the simple measure of fire disturbance used in my study, but research by Rossiter et 

al. (2003) which involved detailed measurements of fire intensity, char and scorch 

heights, found that gamba grass fires were substantially more intense than native 

grass savanna fires. Similar results have been documented for Melinis minutiflora, an 

invasive species which has altered fire regimes in Hawaii and Brazil (D’Antonio et 

al. 2000; Hoffman et al. 2004). In my study, analyses of vegetation and habitat 

characteristics and floristic composition of woody species revealed that fire 

disturbance had few significant effects, although it should be noted that the 

disturbance recorded was mostly ‘low to moderate’ (i.e. scores of 1-3, with only one 

site recording a ‘high’ score of 4, and no sites found to have major impact rated 5 on 

the 5-point scale; see Fig. 4.2). At the levels recorded, fire disturbance actually had a 

positive influence on the richness of native non-woody species and a weakly 

negative effect on the richness of exotic species (excluding gamba grass). 

Nevertheless, there was some evidence of a negative impact from fire on vegetation. 

Native perennial grass cover and total native (ground-layer) plant cover decreased 

significantly with increasing fire disturbance scores and the basal area of dead trees 

(all species combined) generally increased with fire disturbance scores although, this 

effect was not statistically significant (P=0.06). Also, several woody species (Acacia 

spp., Livistona spp., Alphitonia excelsa and Wrightia saligna), which were shown to 

be sensitive to hot fires by Williams et al. (1999), were never recorded on sites with 

high-level gamba grass cover. Lastly, a recent study by Ferdinands et al. (2006) 

found a significant reduction in tree canopy cover in association with twelve years of 

increasing gamba grass density, hence demonstrating the negative impact of a grass-

fire cycle, on a small scale. Based on the work of Rossiter et al. (2003) and 

Ferdinands et al. (2006), it is highly likely that fire regimes have changed in areas 

with dense gamba grass cover, but significant effects on trees and shrubs were not 

detected in my study possibly because the measure of fire disturbance used was too 

coarse and therefore did not adequately reflect the impact of fire, or because none of 

the study sites were so severely damaged as to be deemed to have ‘major’ fire 

impact. 
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4.4.4. Effects of grazing 

While fire may have been expected to influence habitat characteristics in all ‘layers’ 

(i.e. at ground level and higher), it was logical to anticipate that disturbance from 

grazing would only be detected in ground-layer vegetation and site attributes. Indeed, 

analyses of the effect of combined grazing disturbance scores found no significant 

associations with any shrub or tree variables, or with the floristic composition of 

woody species. Conversely, grazing disturbance was found to negatively influence a 

few ground-layer habitat variables. Coarse litter cover decreased as grazing 

disturbance scores increased. A possible explanation for this trend is that grazing 

activity such as trampling and rooting, may have crushed or obscured coarse litter, 

which had generally sparse cover (<6%) across all the sites surveyed. Vegetation 

cover in the 0.5m to 1m height class (all species) and the average height of gamba 

grass plants also decreased as grazing disturbance increased and this may be because 

most plants used as fodder by cattle, buffalo or pigs (including gamba grass) are in 

this height range. Interestingly, grazing disturbance had a positive influence on the 

relative abundance of gamba grass plants in the 50cm to 80cm diameter size class. 

This trend can be explained by the weak positive correlation between grazing 

disturbance and gamba grass cover, and the fact that most large gamba grass plants 

(i.e. >50cm diameter) were recorded on paddock sites. The association between 

grazing disturbance and non-woody floristic composition was also largely a 

reflection of the correlation between grazing disturbance and gamba grass cover, and 

in particular, the distinction between gamba grass paddock sites (for which 4/5 sites 

had moderate grazing disturbance) and all others. 

Overall, grazing disturbance (at the low to moderate levels recorded on my sites) did 

not substantially influence habitat and vegetation characteristics. However, these 

results should be interpreted with caution because the effect of high-level grazing 

disturbance was not investigated as such areas were deliberately avoided (because 

grazing was not the main focus of the research). Other studies have reported 

significant impacts from grazing on the structure and composition of both ground-

layer and woody vegetation in Australian savannas (e.g. Ludwig et al. 2000). 
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4.4.5. Gamba grass plant characteristics and paddock versus woodland 

sites 

There was a statistically significant correlation between gamba grass cover and the 

distance to a dense gamba grass patch, which reflected the typical pattern of spread 

of an invasive species in which cover is high at close proximity to the ‘source’ (in 

this case, paddocks sown with gamba grass) (Grice et al. 2000). Also, there was 

some evidence to support the hypothesis that high-cover gamba grass sites, and 

hence those with a longer history of infestation, have an increased prevalence of 

large gamba grass plants and a more uniform distribution of gamba grass plants. The 

relative abundance of small to medium sized gamba grass plants (<20cm diameter) 

was similar across all sites where gamba grass was present, regardless of the level of 

cover, whereas, the proportion of larger plants increased with gamba grass cover. As 

mentioned above, plants larger than 50cm were generally only found on paddock 

sites. Dispersion scores, which were a measure of plant aggregation, decreased as 

gamba grass cover increased and paddock sites had scores approaching a uniform 

pattern. The smallest class of gamba grass plants (<5cm diameter) included seedlings 

and therefore crudely represents an index of recruitment. Neither grazing nor fire 

disturbance were found to have a significant effect on the relative abundance of this 

group. This result was in contrast to the findings of other studies which have reported 

that seedling establishment increased in areas with ground-layer disturbance (soil 

scarification) (Flores 1999; Setterfield et al. 2005), and in areas that had recently 

been burnt (Flores 1999). One possible explanation for the disparity between the 

results of these studies and my own, is that all the sites in my study area could have 

been subjected to some degree of ground-layer disturbance because they were not 

fenced or protected in any way from animal activity (cf. Flores (1999) and Setterfield 

et al. (2005), who fenced off their ‘undisturbed’ treatments). Hence, the 

establishment of gamba grass seedlings on my sites was more or less equally 

successful across the study area. 

Strong differences in habitat and vegetation characteristics between gamba grass 

paddocks and woodland sites were expected, given the extreme differences in land 

management history (i.e. paddocks were cleared and sown and fires are generally 
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prevented). However, an interesting aspect of the results was that for some of the 

ground-layer variables measured, paddock sites and woodland sites with high gamba 

grass cover were not substantially different. This was the case for the cover and 

species richness of most non-woody plant forms and non-woody species 

composition. 

4.4.6. Implications and conclusions 

Implications of the effects of gamba grass on savanna woodland reported here are 

likely to be much more serious than simply the loss of ground-layer plant 

biodiversity. Widespread conversion of tropical savanna understoreys of mixed 

annual and perennial grasses and herbs, to areas dominated by a highly productive, 

tall African perennial species like gamba grass, will undoubtedly lead to altered fire 

regimes (Williams and Baruch 2000; Rossiter et al. 2003) – possibly across extensive 

parts of northern Australia because of the very large potential distribution of gamba 

grass. If gamba grass infestations are permitted to spread throughout savanna 

woodlands and the predictions of Rossiter et al. (2003), that the species is capable of 

initiating a grass-fire cycle, are correct, then it is probably only a matter of time 

before substantial changes in the woody savanna vegetation become apparent. 

Furthermore, the litter changes associated with gamba grass invasion could affect the 

ground-dwelling invertebrates (particularly litter detritivores). For example, changes 

in the overall quantity and relative abundance of litter types following alien plant 

invasions have been shown to affect the abundance and community composition of 

aquatic invertebrate fauna (Bailey et al. 2001; Houston and Duivenvoorden 2002). It 

is possible that litter changes could also affect animals at higher trophic levels. 

Vegetation change in all layers, either directly, through competitive exclusion, or 

indirectly through changes to litter composition and/or more intense fire regimes, 

may subsequently represent significant habitat degradation for savanna wildlife. The 

effect of gamba grass on animal species is presently unknown; this is discussed in a 

later chapter. 

During the initial selection of study sites, areas of Eucalypt-dominated woodland or 

open forest with a range of gamba grass cover levels were targeted and although care 
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was taken to minimise variability in other environmental characteristics, site 

selection was pragmatic and hence some among-site variability in habitat features 

and woody species composition was unavoidable. However, gamba grass cover was 

generally not correlated with any broad-scale site characteristics. The lack of 

correlation between gamba grass cover and abiotic ground layer characteristics such 

as soil texture and rock cover, provides evidence that pre-existing environmental 

differences among sites were minimal. 

This result is also consistent with the findings of other studies which have 

demonstrated that gamba grass can persist in a range of savanna habitats and 

therefore has an extremely wide potential distribution across the Top End (Barrow 

1995). Minor ‘signals’ of an impact of gamba grass on mid or upper-storey 

vegetation may have been difficult to detect amid the ‘noise’ of any among-site 

variability. Nevertheless, some clear differences between sites, and in particular, 

between those with dense gamba grass cover and no infestation at all, were apparent 

in spite of this noise. 

In conclusion, gamba grass was clearly associated with negative impacts on ground-

layer plant biodiversity and litter composition, with some evidence of change in 

higher vegetation layers as well. The results of my study and others which have 

demonstrated the effect of this invasive, exotic species on fuel loads and fire regimes, 

should be sufficient evidence to acknowledge that gamba grass is a serious threat to 

tropical savanna ecosystems in the Mary River catchment and indeed throughout the 

Top End. However, savanna woodlands in this catchment, like the floodplain areas 

and other habitats, are used by multiple sectors and hence face the same challenge of 

balancing sustainable pastoralism with biodiversity preservation. Management 

recommendations for the catchment’s savanna woodlands will be discussed in detail 

later in the thesis. 
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Abstract 

Effects of the exotic pasture para grass (Urochloa mutica) on vertebrate fauna were 

assessed by sampling sites with varying levels of para grass cover, on the Mary River 

floodplains. Animals were surveyed in the wet and dry season using multiple 

methods including trapping (for reptiles and small mammals), audio recordings of 

frog calls, and bird counts at points along transects. The diversity and abundance of 

reptiles and birds (including the most common species, magpie geese) was found to 

be negatively associated with the level of para grass cover, but there were no 

statistically significant trends for floodplain frogs and mammals. Large 

congregations of birds and high magpie goose counts were only recorded in locations 

where para grass cover was low (<5%), and 45% of all bird species were not 

recorded on sites where para grass was present. No species were found to have 

significant positive associations with para grass cover. Although the increased spread 

of para grass across the floodplains may benefit pastoral activities within the region, 

the results of this study suggest it will substantially reduce the variety of habitats 

available to wildlife and lead to a loss of faunal biodiversity (particularly for birds) 

and reduced conservation value for the Mary River catchment. 

5.1 Introduction 

The vertebrate fauna of northern Australian floodplains is both diverse and abundant 

and is influenced by the same primary environmental factors that shape floodplain 

vegetation communities. These include the high soil fertility, and marked seasonality 

that affects the timing and amount of wet season rains, which in turn influences the 

temporal and spatial changes in inundation and water availability (Cowie et al. 

2000). 

Some animal species show strong responses to patterns in rainfall and inundation. 

For example, population size and breeding success of the dusky rat (Rattus colletti) is 

substantially affected by the timing and duration of the wet season (Madsen and 

Shine 1999). Minor variations in floodplain elevation lead to patchiness in the 

distribution of inundated areas and this can lead to large numbers of species being 

present in particular areas at relatively small scales, as animals migrate locally in 
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response to changes in water levels and availability of other resources (Cowie et al. 

2000). Hence, the spatial and temporal variability of floodplain environments plays a 

key role in supporting faunal biodiversity. 

Floodplain fauna are influenced by the structural simplicity and relatively low 

species richness of floodplain vegetation. This is because most floodplain habitats 

offer vertebrates a limited range of foraging options in comparison to the more 

complex fringing habitats, such as rainforests and eucalypt woodlands (Cowie et al. 

2000). However the high productivity of vegetation during the wet season and the 

persistence of plant food resources throughout the dry season support a variety of 

birds, with community biomass dominated by herbivores (Morton and Brennan 

1991). Some species have close associations with particular plant species and 

undergo local migrations in response to the availability of plant resources that form 

key dietary components at different developmental stages. For example, seeds of 

Oryza spp. and other grasses are the main diet of adult and fledgling magpie geese 

(Anseranas semipalmata – the most common herbivorous bird on floodplains) during 

the wet season, whereas corms of Eleocharis dulcis are an important food source 

during the dry season (Whitehead and Tschirner 1990a; Whitehead 1998). Another 

common bird species, the green pygmy goose (Nettapus pulchellus) favours seeds of 

Nymphaea spp. (Cowie et al. 2000). Frogs may also be associated with particular 

plant communities or species. For example, Litoria rothi prefers the woody habitat 

provided by logs and trunks of paperbark (Melaleuca) swamps, whereas others (e.g. 

Litoria bicolor) are often found on the stems of Eleocharis sedges (Braithwaite et al. 

1991). 

For other floodplain animal species, vegetation cover in general (cf. cover of a 

particular plant species) provides important habitat for nesting and as dry season 

refugia. Dense grassy patches may also provide food and refuge for species that 

move in from adjacent habitats to use the floodplain during part of the year (e.g. 

Cisticola spp., Melomys burtoni) (Cowie et al. 2000). Also, floodplain reptiles are 

not usually associated with particular plant communities but may be influenced by 

the vegetational structure through its effect on microclimate at the ground level (i.e. 

amount of shading etc.). 
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Another important floodplain habitat feature in the dry season is the deep cracks that 

form in the drying soil. The cracks offer protection from heat and exposure, 

particularly in the mid to late dry season, and are used as refugia for small mammals, 

reptiles and frogs (Cowie et al. 2000). 

Availability of prey can substantially influence the biodiversity, distribution and 

abundance of the carnivorous floodplain fauna. Reptiles such as the water python 

(Liasis fuscus), northern death adder (Acanthophis praelongus) and floodplain 

monitor (Varanus panoptes) have complex movements in response to seasonally 

fluctuating food resources (e.g. dusky rats, or magpie goose eggs) and daily 

variations in temperature on the exposed floodplains (Cowie et al. 2000). 

Furthermore, over half the bird species found in wetlands feed on aquatic 

invertebrates and these species use a range of foraging strategies (e.g. probing, foot-

stirring, filter feeding, aerial diving) that are well suited to the habitats present (e.g. 

mud, shallow water, deep water with or without vegetation) (Morton and Brennan 

1991). Populations of fish-eating birds also show responses to the seasonal 

availability of food. Fish and other aquatic vertebrates use the floodplains as 

breeding habitat during the wet season then as the water bodies shrink in the dry 

season, prey animals become ‘concentrated’ and conditions are ideal for fish-eating 

birds such as darters and cormorants (Morton and Brennan 1991). 

Disturbance factors may also affect the heterogeneity and quality of floodplain 

environments as habitat for animal populations, and these are similar to those which 

influence floodplain vegetation communities. Factors such as saltwater intrusion, 

grazing by domestic stock and feral animals, fire, and invasive exotic plants all have 

the potential to alter floodplain habitats (see Chapter 3 for a more detailed 

discussion). Despite being recognised as a threat to biodiversity in Australia and 

elsewhere, very few quantitative studies assessing the effects of invasive exotic 

plants on animals have been reported. The few that have examined such impacts in 

aquatic or riparian environments have focused mainly on invertebrates (e.g. Houston 

and Duivenvoorden 2002; Douglas and O’Connor 2003; Clarke et al. 2004; 

Greenwood et al. 2004; Pétillon et al. (2005). Studies by Braithwaite and Lonsdale 

(1987) and Braithwaite et al. (1989) reported changes in vertebrate fauna associated 
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with the invasive shrub, Mimosa pigra, in floodplain areas of northern Australia, but 

no research has investigated the impacts of para grass on vertebrates, despite recent 

studies demonstrating its capacity to readily invade floodplain habitats and displace 

native vegetation (Wilson et al. 1991; Clarkson 1991; Douglas and O’Connor 2004). 

Hence, quantitative research addressing this poorly understood issue was clearly 

needed. 

5.1.1 Study objectives 

The specific research objective of the section of work presented in this chapter was 

to examine the influence of para grass on the vertebrate fauna of non-woody 

floodplain vegetation communities, in the lower Mary River catchment. Para grass is 

now recognised as an invasive plant with the potential to displace native vegetation 

over large scales (and reduce areas of other habitat e.g. bare ground, open water). As 

outlined above, the main factors driving patterns of distribution and abundance of 

floodplain animals are seasonality and associated changes in inundation, vegetation 

and other food resources (e.g. animals). Therefore floodplain fauna may be affected 

by para grass invasion through a few mechanisms. For animal species that have close 

associations with particular plant species or communities (e.g. magpie geese), 

replacement of native vegetation with para grass may be expected to represent 

substantial habitat degradation. Widespread displacement of native vegetation 

communities, which have a variety of forms (including sparse plant species such as 

Eleocharis spp.), with a dense monoculture of para grass may also alter the 

microclimate at ground-level (i.e. increased shading may result in cooler and damper 

soils than in more sparse vegetation). These changes may have greater implications 

for poikilotherms (i.e. frogs and reptiles) than for other faunal groups. Furthermore, 

structural changes to the vegetation may inhibit movements of small vertebrates and 

hence may reduce their ability to follow food resources or move to sheltered habitats. 

Such changes to native vegetation may in turn alter availability of key resources for 

animals (i.e. food, refuge and nesting habitat), resulting in habitat degradation or 

enhancement, depending on the particular ecological requirements of individual 

species. For the current research, I have attempted to sample across a broad range of 

mainly terrestrial vertebrate groups (i.e. frogs, reptiles, ground-dwelling mammals 
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and birds), each of which may have very different ecologies in the floodplain 

environment and which may be expected to show contrasting responses to 

disturbance. Fish, bats and invertebrates were not targeted because of their sampling 

demands. In this section of the study the primary aim was to sample the targeted 

faunal groups across areas of the floodplain with varying levels of para grass cover, 

in both the wet and dry season. The study did not attempt to unravel the mechanisms 

or pathways that may be driving changes in animal communities but rather to 

identify associations between species richness and abundance measures and para 

grass cover. Hence the main hypothesis tested was: 

Species richness and abundance of floodplain fauna (reptiles, frogs, mammals and 

birds) are lower as the cover of para grass increases. 

As outlined earlier, floodplain fauna are influenced by a range of environmental 

factors and two that were considered to be of particular importance in this study were 

hydrology (i.e. timing and patterns of inundation, etc), and disturbance by ungulates, 

namely cattle, feral buffalo and pigs. Consequently, secondary hypotheses addressing 

the influence of hydrology (based on water depth measurements or surface water 

cover estimates) and grazing disturbance (from cattle, buffalo and pigs combined) on 

floodplain fauna were also tested by including these variables in analyses. I 

acknowledge that fire and salinity are also important disturbance factors on the Mary 

River floodplains, but as all the sampling sites were located in areas with the similar 

fire regimes and salinity levels, an assumption was made that any effects would be 

universal and hence measures of fire impact or salinity were not included in the 

analyses. 

Lastly, it should be noted that as the floodplain is a highly dynamic environment, the 

influence of marked seasonality and spatial variability of resource availability may 

mask the evidence of any impacts of para grass on faunal communities. Furthermore, 

the floodplain posed many logistical challenges for conducting animal surveys and 

consequently some compromises in study design and survey protocols were 

unavoidable. 
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5.2 Methods 

A combination of site surveys and point counts along transects was used to survey 

floodplain vertebrate fauna. 

5.2.1 Dry season site surveys 

Surveys of 50m by 50m (0.25ha) sites were undertaken in October (dry season) 2000 

and 2001. A combined fauna sampling approach of trapping and time-constrained 

searching was employed in order to maximise the number of target species recorded. 

The procedures used were based on vertebrate sampling methods now standard for 

the region (e.g. Woinarski and Ash 2002; Woinarski et al. 2004), however the 

protocols are acknowledged as not being ideal for all species and may have provided 

a poor assessment of large mammals (e.g. macropods) and large, mobile reptiles (i.e. 

monitors and snakes) (Woinarksi et al. 2004). The 16 sites were the same as those 

surveyed by the author (i.e. ‘KB sites) for the assessment of floodplain vegetation 

and habitat characteristics and were located in areas with varying levels of para grass 

(see Chapter 3, section 3.1.1 for further details on site selection procedures) (Fig. 

5.1). 

Trapping 

Small ground-dwelling vertebrates (namely lizards, frogs and small rodents) were 

sampled used pitfall traps with drift fences, Elliott and cage traps. On each site, 

pitfall traps (25cm diameter, 10L plastic buckets) were buried flush with the ground 

and were evenly spaced in a straight line, with a 30m (30cm high) drift fence running 

across the traps (Fig. 5.2). Pitfall trap lines were located so as to encompass different 

microhabitats (e.g. dense vegetation, open ground etc) and levels of para grass cover 

(in sites where para grass was present). In 2001 only, mammals were also surveyed 

using 20 Elliott (32 x 9 x 9cm) and 4 cage traps (56 x 20 x 20cm) set around the 

perimeter of sites, with cage traps in each corner and 5 Elliott traps spaced at 

approximately regular intervals along the sides (see Fig 5.2). All traps were clearly 

marked with flagging tape so they could be easily located. Elliott and cages traps 

were baited each afternoon with a mixture of oats, peanut paste and honey, and a wet 
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sponge was placed in the bottom of pitfall traps to provide cover and minimise 

dehydration of trapped animals. Traps were opened for three days and three nights 

and were checked early each morning and once or twice throughout the day. All 

trapped animals were identified and released near the capture point, with one or two 

example specimens collected only when a species could not be identified 

immediately. 

Time-constrained searches and bird counts 

Each site was actively searched a total of three times during the survey period, at 

different times of the day (i.e. morning, midday, late afternoon). Night searches were 

not undertaken because of logistic problems with accessibility at night. Each search 

was for approximately 10min and involved two observers turning logs, raking 

through litter, and looking in crevices etc, over as much of the site as possible. The 

number of individuals of each species seen was recorded and other indirect signs 

(e.g. scats, bones, shed snake skin) were recorded only when these could be 

confidently attributed to species. No abundance measure was recorded for indirect 

signs but the species was included in the total species count for the site. 

Birds were surveyed in eight diurnal censuses. Each census was for a maximum of 

five minutes and all birds seen or heard on the site were identified and counted. The 

majority of bird counts were done in the early morning, with a few occurring 

throughout the day. Sites were not visited in the same order every day. 

At the conclusion of the survey period, all species from each site were recorded 

along with the total abundance of each species, which was the combined sum of all 

records from trap captures, searches and bird counts. 
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Figure 5.1. Map of the northern part of the Mary River floodplain (shaded) showing 

the location of fauna survey sites (n=16; solid circles) and bird survey points (n=441; 

open circles). The boundary of the Mary River Conservation Reserve and other 

sections of the proposed national park are also shown (black line). 
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Figure 5.2. Schematic layout of traps for 50m by 50m dry season floodplain site 

surveys. Note: not drawn to scale. 
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5.2.2 Wet season site surveys 

Survey methods were modified during the wet season because of inundation on the 

floodplain. No trapping was undertaken, instead surveys consisted of time-

constrained searches and nocturnal audio recordings (on the same sites surveyed 

during the dry season). Frogs were the primary target faunal group for wet season 

site-based surveys and these were undertaken between January and March 2001, and 

December 2001 and February 2002. 

Time-constrained searches 

Wet season time-constrained searches were done in a similar way to dry season (10 

mins, two observers). However only the site perimeters (plus an area approximately 

3m inside the perimeter) were travelled during searches. On most occasions, 

observers were searching from the edge of a slow-moving (walking pace) air-boat 

rather than on foot. Each site was searched a total of three times during the survey 

period, at different times of the day (i.e. morning, midday, early afternoon) and 

searches were performed around the perimeter of sites in order to minimise 

disruption to the interior of the site, which may have compromised concurrent audio 

frog surveys. The number of individuals of each species seen (or heard, in the case of 

frog calls) was recorded. Other indirect signs were recorded as described for dry 

season searches. No bird counts were done during wet season site surveys. 

Frog surveys using audio recorders 

Recent reviews have recommended the use of multiple methods for sampling frogs 

(Parris 1999; Parris et al. 1999). Therefore in addition to time-constrained searches, 

floodplain frog communities were also sampled via nocturnal recordings of male 

advertisement calls. Two audio recorder set-ups were placed on each site, at opposite 

corners (approximately 70m apart). Each recorder set-up consisted of an audio 

cassette recorder (Sanyo model M-1110C), a timer and two 6V rechargeable batteries 

housed in a waterproof (plastic) box with an external, omnidirectional microphone. 

The entire set-up was placed on an aluminium platform secured approximately 5cm 

above the tallest vegetation present, with the microphone fixed underneath the 

platform and aimed towards the centre of the site (i.e. at approximately 45
o
 to the 
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horizon platform). Microphones were protected from rain by a cut-off section of a 

plastic, soft drink bottle (i.e. funnel shaped) and recorder set-ups were protected from 

heat by sheets of reflective foil (Sisalation™). Containers of silica gel were placed 

inside the plastic box to reduce humidity. 

Recorders were connected to timers which operated on a twin cycle program (i) a 

day/night cycle of 4 hours on between about 1930 and 2330, followed by 20 hrs off; 

and (ii) a nightly sample of 30 seconds in every 15 minute interval. Hence, sixteen 30 

second intervals (8 mins) were recorded each night between 1930 and 2330. 

Recorders were deployed for a total of ten nights on each site thus providing two 80 

minute samples per site, per wet season. The day/night cycle was chosen in order to 

maximise sampling during the time considered to be the most active period for 

calling activity of tropical frogs (i.e. between 1800 and 2400; Heyer et al. 1994; 

Young 2007). The ten night survey period was chosen to ensure a sufficient number 

of nights were sampled to encompass variations in calling activity related to 

environmental conditions (i.e. temperature and rainfall), while keeping the total 

survey period to within approximately six weeks so the effect of seasonal variation, 

which can affect calling activity, was minimised (Tyler et al. 1983). Recorders were 

deployed on a maximum of six sites at any one time (i.e. because limited resources 

allowed the construction of only 13 recorder set-ups in total), therefore it was 

impossible to eliminate completely the effect of seasonal variation. Hence, three or 

four distinct survey periods of ten nights were used each wet season and the set of six 

sites surveyed in each period was chosen at random. 

Disruption to sites during audio surveys was kept to a minimum with a total of three 

visits during the ten night period: on Day 1 – to set up recorders; on Day 6 – to 

complete a vegetation and habitat assessment, check recorders and change audio 

cassettes; and on Day 11 – to retrieve recorders. Disruption to the interior of sites 

was avoided by travelling only around the perimeter except on Day 11, when one 

pass was made across the diagonal of the site. Time-constrained searches (as 

described above) were undertaken during each site visit. 

Lastly, it was unlikely that the same individual frog call was recorded simultaneously 

on both recorders on a site for two reasons. Firstly, the recorders were approximately 
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70m apart and microphones, which were small and inexpensive (because of 

budgetary constraints), were directed towards the vegetation (i.e. hanging at about 

45
o
 to the horizontal), therefore the setup was unlikely to provide a clear recording 

over such a distance especially given the background noise of wind moving through 

vegetation, rain etc (although the exact recording distance under field conditions was 

not obtained). Secondly, the operating cycles of the recorders were not perfectly 

synchronised as each recorder had to be manually started (by connecting the power 

supply) the night before recorders were deployed in the field. Furthermore, any 

‘sampling errors’ arising from the recording setup and procedures described would 

not introduce any significant biases since the methods used were the same across all 

sites, regardless of the level of para grass cover. 

Audio data processing 

Audio recordings were listened to by the author only, to minimise observer (listener) 

bias. The number of calls and individuals of all frog species heard in each thirty 

second interval were estimated and these data were assigned an ‘activity index’ 

score, as defined in Table 5.1. Other relevant information, such as identifiable 

weather characteristics (e.g. rain, thunder, wind) or any sounds that may have 

obscured frog calls was also noted. Intervals in which there was sound interference 

or recording errors were evident (e.g. interval substantially less than thirty seconds, 

or sounds indicating equipment malfunction) were excluded from analysis. I 

acknowledge that estimating the number of individual frogs calling was likely to be 

highly subjective, therefore recordings were processed only by myself. In addition, 

quality checks were done by randomly selecting five cassettes to be processed a 

second time (i.e. to check for any changes over time in my perception of recordings). 

No differences in the estimates of the number of individuals and calls (using the 

scores defined in Table 5.1) were detected between the first and second processing of 

the five cassettes. 
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Table 5.1. Frog activity index scores based on the approximate number of individuals 

and calls heard during each 30 second interval of audio recording. 

 

Approximate 

number of 

individuals 

Approximate 

number of 

calls 

Assigned 

activity index 

score 

0 0 0 

1–3 ≤6 1 

1–3 >6 2 

4–6 ≤6 3 

4–6 6–30 4 

4–6 >30 5 

7–10 7–15 5 

7–10 >15, chorus 6 

11–15 >15, chorus 7 

>15 >15, chorus 8 
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5.2.3 Point bird counts along transects 

Site-based bird counts were done during the dry season (as described in 5.2.7), but in 

order to sample the wetland avifauna more widely across the floodplains, ‘point’ bird 

counts along transects were also conducted (Fig. 5.1). A total of 28 transects were 

surveyed. Transects ranged in length from approximately 2km to 6km and were 

located across a variety of non-woody floodplain vegetation types and levels of para 

grass cover. Each transect was surveyed up to four times between April 1999 and 

February 2002. Transects were travelled by 4WD motorbike or on foot during the 

dry season, and by airboat during the wet season. Point bird counts were done 

systematically at 100m or 500m intervals, for dry season and wet season surveys 

respectively, and additional counts were done whenever birds were encountered or 

flushed while travelling the transect. Counts were for a maximum of five minutes, 

and all birds seen or heard within an approximate radius of 20m from the centre of 

the survey point were identified and counted. The locations of all bird survey points 

(where birds were flushed as well as the systematic survey points) were determined 

using a handheld GPS with a positional accuracy of ± 3m. A simple habitat 

assessment was completed for a representative area of approximately 5m by 5m at 

each survey point and consisted of estimates of the relative proportion of different 

ground cover (e.g. bare ground, plant cover, water, etc), the approximate number of 

native plant species and dominant plant species present, and the cover of para grass 

(using the same ordinal score described in Table 3.2, Chapter 3). 

5.2.4 Analytical approach 

The analytical approach used to assess the impact of para grass cover on floodplain 

fauna was generally similar to the approach described in the preceding two chapters. 

For most analyses, para grass cover was included as percentage cover but the three-

level ordinal scale (i.e. None, Moderate, High) and eight-level cover-abundance 

scores (i.e. scores of 0 – 8) defined in Chapter 3 were used in some cases. The 

influence of grazing disturbance (dry season) and water depth or cover (wet season) 

was also assessed in most analyses. Generalised Linear Modelling (GLM) was used 

to test for associations between para grass cover, grazing disturbance and water depth 
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or cover, and abundance and richness variables. The frequency of occurrence of all 

species in each faunal group in relation to the presence/absence of para grass was 

tested using the Fisher exact test. 

Survey sites and points were also analysed in relation to their broad habitat type 

(based on the habitat assessments of proportion of ground cover and the dominant 

vegetation present etc.). These analyses were done to explore associations between 

habitat types (particularly habitats with little or no para grass cover) and the richness 

and abundance of wetland fauna. Sites or points were assigned one of the following 

habitat classes: dense para grass cover (>40% cover; scores ≥ 6, i.e. the same 

classification as the ‘High’ para grass level), moderate para grass cover (<40% cover; 

scores of 1 – 5, i.e. same as the ‘Moderate’ para grass level), bare ground (>50% 

cover), open water (>50% cover), Hymenachne grassland (dominated by 

Hymenachne acutigluma), Oryza grassland (dominated by Oryza meridionalis), 

sedgeland (dominated by Eleocharis dulcis and/or Cyperus scariosus), and mixed 

native grass/herb/sedgeland (no dominant species – a mix of Eleocharis dulcis, 

Cyperus scariosus, Oryza spp. and herbs). Differences in richness and abundance 

measures among habitat classes were analysed using Kruskal-Wallis tests. 

Species composition of wetland fauna was not assessed because richness was too low 

on most sites or points to allow for meaningful analyses. 

Data were examined for normality and homogeneity of variances and appropriate 

transformations were performed prior to analysis where necessary. All percentage 

cover variables were arcsine transformed. Data were stored and summarised in a 

Microsoft Excel database (Microsoft Corp., 2002), and all analyses were done using 

S-Plus Version 6.1 for Windows (Insightful Corp. 2002), Statistica Version 6 for 

Windows (StatSoft Inc., 2001), or Primer 5 for Windows Version 5.2.4 (using default 

settings, unless otherwise specified) (Primer-E Ltd 2001). As discussed in Chapter 3, 

analyses involving a large number of tests increases the probability of making a Type 

I error (i.e. detecting ‘false-change’) and therefore the usual α significance level of 

0.05 was considered too liberal. Instead, results were interpreted in relation to a 

significance level of α = 0.01, but a range of diagnostic techniques (e.g. % deviance 
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explained in GLMs, visual assessment of scatterplots) was used to assess the strength 

and biological relevance of any trends. 

Reptiles and mammals 

Reptiles and mammals were sampled during the dry season only and trapping was 

not undertaken on four of the sixteen sites because of inundation. GLM was used to 

test for an association of para grass cover (% cover, as measured during the 

vegetation and habitat assessments reported in Chapter 3) with species richness of 

reptiles and mammals and the abundance of species recorded frequently enough to 

facilitate analysis (i.e. present on six or more sites). Abundance of species recorded 

too infrequently to analyse individually was summed to give the ‘total abundance of 

other species’ and this was also analysed using GLM. Scores for the combined 

grazing disturbance attributable to pigs, cattle and buffalo (as reported in Chapter 3) 

and survey year (i.e. 2000 or 2001, for reptiles only) were included as additional 

predictor variables and interaction terms were also tested. All GLMs used a Gaussian 

error distribution with an identity link. 

Frogs 

Audio frog call data were recorded on sixteen and fourteen sites in 2001 and 2002 

wet seasons, respectively (no data were obtained from two sites in 2002 because of 

equipment failure). For each recorder, activity index scores for each frog species 

were averaged over all valid thirty second intervals (i.e. excluding intervals with 

heavy rain, recording errors, etc) recorded over the ten night survey period. Activity 

index scores were also summed for all species recorded in an interval, then averaged 

to give a mean activity index score for all species combined. Mean activity index 

scores were then averaged over the two recorders per site, to give overall mean 

activity index scores for each site. 

Preliminary evaluation of the audio calls and time-constrained search data revealed 

substantial differences between 2001 and 2002 (notably calls from only one species 

were recorded in 2001), therefore data from each survey year were analysed 

separately. GLM, as described above, was used to test for an association between 

para grass cover and the following frog response variables: mean activity index 
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scores (each frog species and all species combined), abundance of species counted 

during time-constrained searches (species recorded on four or more sites; abundance 

of less common species was combined and analysed as total abundance of ‘other’ 

species), and species richness (total number of species recorded on a site using audio 

surveys and time-constrained searches). ‘Survey period’, which refers to the 

particular block of ten days during which audio surveys or searches occurred (i.e. 

three survey periods in 2001, four survey periods in 2002, with period 1 occurring 

earlier in the wet season than period 4), was included as an additional predictor 

variable to assess the effect of seasonal variation on activity index scores and frog 

counts. Water depth (in cm, as reported in Chapter 3) and interaction terms were also 

tested. 

Birds 

From the 28 transects surveyed, a total of 441 point counts (including all systematic 

counts and those from locations where birds flushed) were obtained. The site-based 

bird counts were not included in any analyses of bird data in this chapter (these data 

are referred to in Chapter 7). Para grass cover-abundance scores (0 – 8, see Table 3.2 

in Chapter 3) were used for all analyses of point bird counts. 

It should be noted that this was a highly skewed dataset with just over half the survey 

points (n = 229) recording zero bird counts, many more with one species only, and a 

low frequency of very high counts (e.g. 100s or 1000s of individuals, usually the 

same species). Furthermore, the systematic and flushed bird counts (for which 

minimum richness values were different, i.e. zero or one, for systematic or flushed 

counts, respectively) were pooled and information on which type of count each 

record came from was lost. Hence the final dataset comprised both types of bird 

counts which proved to be problematic for the analysis. Rather than discarding 

records, the following unconventional approach was used explore trends. The dataset 

was split into two subsets: presences only (i.e. all points with bird species richness 

≥1, n=212), and absences only (i.e. zero counts, n = 229). For the zero counts, chi-

squared analysis was used to test the null hypothesis that zero counts should occur 

evenly across all points regardless of the para grass cover score. The alternative 
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hypothesis was that the frequency of zero counts may increase or decrease in 

association with para grass cover scores. 

For the presence only subset, GLM (as described above), was used to test for an 

association between para grass cover scores and total bird richness, magpie goose 

abundance, and abundance of all other bird species combined (i.e. because most 

species were recorded too infrequently to analyse abundance individually). Dry and 

wet season point counts were analysed separately, and water cover was included as 

an additional predictor variable. Interaction terms were also tested. 

Patterns of species occurrence across para grass levels were also assessed 

qualitatively. Curves portraying the accumulation in species richness for birds across 

points of like para grass level were produced using the Species-Area Plot function in 

Primer. Curves for each para grass level were plotted on the same graph to facilitate 

qualitative comparisons of species accumulation patterns among the varying levels of 

para grass cover. 

5.3 Results 

5.3.1 Reptiles and mammals 

Reptiles 

In total, 142 reptiles from 5 species (3 skink and 2 snake species) were recorded 

during the two dry season floodplain surveys (Table 5.2). Two species, 

Glaphyromorphus darwiniensis and Liasis fuscus, were only recorded on sites 

without para grass (Table 5.2).Two skink species (Carlia gracilis and Ctenotus 

robustus) were recorded significantly more frequently on sites with no para grass 

present (Table 5.2). Although generally low across all sites, reptile species richness 

decreased significantly in association with increasing para grass cover, with only one 

species, Ctenotus robustus, recorded on sites with greater than 40% (High) para grass 

cover (Table 5.2 and 5.3, Fig. 5.3). Carlia gracilis and Ctenotus robustus were the 

only two species recorded often enough to analyse abundance. The abundance of 

both species decreased as para grass cover increased, this trend being significant for 

Carlia gracilis (Table 5.3, Fig. 5.3). 
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Table 5.2. Records of all reptile and mammal species from dry season surveys of 

sites in each para grass level. Values are the mean number of individuals per site and 

percentage of sites a species was recorded on (in parentheses). Mean species richness 

per site, cumulative richness, and the total number of sites in each para grass level 

are also provided. Para grass levels were: None = zero para grass cover; Moderate = 

<40% para grass cover; High = ≥40% para grass cover. Statistically significant 

results of Fisher tests for association between frequency of occurrence of individual 

species and the presence or absence of para grass are indicated by * for P<0.01. 

Species Para grass level 

Scientific name Common name None Moderate High 

Reptiles     

 Carlia gracilis slender rainbow 

skink* 

9.6 (88) 1.7 (33) 0 (0) 

 Ctenotus robustus robust ctenotus* 2.4 (88) 0.7 (22) 0.2 (17) 

 Glaphyromorphus 

darwiniensis 

Darwin skink 0.9 (38) 0 (0) 0 (0) 

 Liasis fuscus  water python 0.1 (13) 0 (0) 0 (0) 

 Tripodonophis mairii keelback 0 (0) 0.1 (11) 0 (0) 

 Mean species richness 2.3 0.7 0.2 

 Cumulative species richness 4 3 1 

 Number of sites surveyed (two dry seasons) 8 9 6 

Mammals     

 Melomys burtoni grassland melomys 22 (75) 15.4 (100) 10.7 (67) 

 Planigale maculata common planigale 0 (0) 0.2 (20) 0.7 (33) 

 Rattus colletti dusky rat 0.8 (25) 0 (0) 0 (0) 

 Mean species richness 1.0 1.2 1.0 

 Cumulative species richness 2 2 2 

 Number of sites surveyed (one dry season) 4 5 3 
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Table 5.3. Generalised Linear Modelling results of dry season reptile and mammal 

species richness and abundance versus para grass cover (PARA), survey year 

(YEAR) and grazing disturbance score (GRAZ). Counts for species recorded on less 

than four sites were not analysed; these species were included in species richness and 

the total abundance of ‘other’ (i.e. uncommon) species. Models used PARA, YEAR 

and GRAZ as predictor variables and were constructed as follows: 1: response 

variable ~ PARA; 2: response variable ~ PARA + YEAR; 3: response variable ~ 

PARA +GRAZ; 4: response variable ~ PARA + YEAR +GRAZ. Results shown
$
 are 

coefficients, t values and associated probabilities for each predictor variable 

(statistically significant results are indicated by * for P<0.01 or ** for P<0.001), and 

% deviance explained
^
 by each model. Para grass cover was arcsine-transformed

^
 

and other transformations are duly noted. All models used a Gaussian error 

distribution with identity link. 

Variable Model % dev. 

exp. 

PARA YEAR GRAZ 

Reptiles      

 Carlia gracilis 

abundance 

1 36.3 -8.06, t=-3.46, 

df=21, P<0.01* 

  

  2 37.2 -8.06, t=-3.40, 

df=20, P<0.01* 

-1.02, t=-0.52, 

df=20, P=0.61 

 

  3 40.1 -7.89, t=-3.40, 

df=20, P<0.01* 

 -0.86, t=-1.13, 

df=20, P=0.27 

  4 42.6 -7.84, t=-3.37, 

df=19, P<0.01* 

-1.84, t=-0.90, 

df=19, P=0.38 

-1.08, t=-1.34, 

df=19, P=0.20 

 Ctenotus 

robustus abun. 

1 16.0 -2.08, t=-2.00, 

df=21, P=0.06 

  

  2 22.8 -2.07, t=-2.03, 

df=20, P=0.06 

-1.14, t=-1.33, 

df=20, P=0.20 

 

  3 16.0 -2.09, t=-1.95, 

df=20, P=0.07 

 0.04, t=0.12, 

df=20, P=0.91 

  4 23.1 -2.05, t=-1.96, 

df=19, P=0.07 

-1.22, t=-1.33, 

df=19, P=0.20 

-0.10, t=–0.28, 

df=19, P=0.78 

 tot. abun. of 
other rep. sp.

#
 

1 18.4 -0.19, t=-2.18, 

df=21, P=0.04 

  

  2 27.6 -0.19, t=-2.26, 

df=20, P=0.04 

0.11, t=1.60, 

df=20, P=0.13 

 

  3 47.3 -0.18, t=-2.42, 

df=20, P=0.03 

 -0.08, t=-3.32, 

df=20, P<0.01* 

  4 49.6 -0.18, t=-2.43, 

df=19, P=0.03 

0.06, t=0.92, 

df=19, P=0.37 

-0.07, t=-2.88, 

df=19, P<0.01* 
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Table 5.3. Continued. 

Variable Model % dev. 

exp. 

PARA YEAR GRAZ 

 reptile species 

richness 

1 45.8 -1.91, t=-4.22, 

df=21, P<0.001** 

  

  2 45.8 -1.91, t=-4.11, 

df=20, P<0.001** 

-0.002, t=-0.01, 

df=20, P=0.99 

 

  3 64.8 -1.83, t=-4.88, 

df=20, P<0.001** 

 -0.41, t=-3.29, 

df=20, P<0.01* 

  4 66.7 -1.82, t=-4.87, 

df=19, P<0.001** 

-0.34, t=-1.04, 

df=19, P=0.31 

-0.45, t=-3.46, 

df=19, P<0.01* 

Mammals      

 Melomys burtoni 
abundance

#
 

1 10.6 -0.46, t=-1.09, 

df=10, P=0.30 

  

  3 15.8 -0.27, t=-0.54, 

df=9, P=0.60 

 -0.11, t=-0.75, 

df=9, P=0.47 

 tot. abun. of 
other mam. sp.

#
 

1 0.5 -0.04, t=-0.22, 

df=10, P=0.83 

  

  3 0.7 -0.05, t=-0.26, 

df=9, P=0.80 

 0.01, t=0.14, 

df=9, P=0.89 

 species richness 1 1.7 -0.22, t=-0.41, 

df=10, P=0.69 

  

  3 3.8 -0.34, t=-0.57, 

df=9, P=0.58 

 0.08, t=0.45, 

df=9, P=0.66 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because all interactions were found to be non-significant. 

^ Formulae for % deviance explained and arcsine transformation are given in Table 3.4. 

# log-10 transformed. 
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Figure 5.3. Abundance of Carlia gracilis (top left), Ctenotus robustus (top right), all 

other reptile species (bottom left) and reptile species richness versus para grass 

cover. Open circles = 2000 survey; filled circles = 2001 survey. 
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The combined abundance of the remaining three reptile species also decreased as 

para grass cover increased but not significantly so (Table 5.3, Fig. 5.3). 

Survey year did not significantly influence any measures of reptile abundance or 

richness, but there was a negative association between grazing disturbance and 

reptile richness and the total abundance of ‘other’ (i.e. uncommon) reptile species 

(Table 5.3). Interactions between para grass cover, survey year and grazing 

disturbance were non-significant for all reptile and variables; to aid clarity, GLM 

results for interactions were not shown in Table 5.3. 

Mammals 

A total of 226 mammals from 3 species (2 rodents and 1 dasyurid) were recorded 

during the single dry season floodplain survey (in 2001) (Table 5.2). There were no 

significant associations between the frequency of any mammal species and the 

presence or absence of para grass. However, Rattus colletti was only recorded on 

sites without para grass, Planigale maculata was only recorded on sites with para 

grass, and Melomys burtoni was found on sites with zero, moderate and high para 

grass cover (Table 5.2). 

Mammal species richness generally decreased in association with increased cover of 

para grass, but not significantly so. A similar trend was observed for abundance of 

the M. burtoni (the only species recorded frequently enough for abundance to be 

analysed), and the combined abundance of the other two mammal species (Table 5.3, 

Fig, 5.4). There was no association between grazing disturbance and any mammal 

variable assessed (Table 5.3, Fig. 5.4). Interactions between para grass cover, survey 

year and grazing disturbance were non-significant for all mammal variables. 

5.3.2 Frogs 

Five species of frog were recorded during time-constrained searches and audio call 

sampling, over two wet season floodplain surveys. There were no significant 

associations between the frequency of any frog species and the presence or absence 

of para grass and all but one species (Crinia bilingua, absent from high para grass 

cover sites) were recorded in all para grass levels (Table 5.4). 
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Figure 5.4. Abundance of Melomys burtonii (top), all other mammal species (centre) 

and mammal species richness (bottom) versus para grass cover. NB: mammals were 

surveyed in 2001 only. 
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Table 5.4. Records of all frog species from wet season surveys of sites in each para 

grass level. Values are the mean number of individuals per site (from time-

constrained searches), the mean activity index (from audio surveys, in boldface) and 

the percentage of sites a species was recorded on (during either survey method, in 

parentheses). Mean species richness per site (from both survey methods combined), 

cumulative richness, and the total number of sites (n; all sites surveyed in two wet 

seasons) in each para grass level are also shown. Fisher tests for association between 

frequency of occurrence of individual species and the presence or absence of para 

grass were non-significant (i.e. P≥0.01) for all species. 

Species Para grass level 

Scientific name Common name None 

n = 12 

Moderate 

n = 14 

High 

n = 6 

Crinia bilingua^ bilingual frog 0.5, 0.03 (17) 0.1, 0 (7) 0, 0 (0) 

Limnodynastes 

convexiusculus^ 

marbled frog 0.1, 0.6 (33) 0.1, 0.6 (21) 0, 0.7 (33) 

Litoria bicolor northern dwarf tree 

frog 

5.8, 1.0 (100) 4.9, 1.3 (100) 0.3, 0.3 (83) 

Litoria dahlii Dahl’s aquatic frog 1.7, 0 (50) 3.1, 0 (71) 3.0, 0 (67) 

Litoria nasuta^ rocket frog 0.6, 0.1 (25) 0, 0.04 (14) 0, 0.1 (17) 

Mean species richness  2.5 2.3 2 

Cumulative number of species 5 5 4 

^ Mean activity index values for these species were calculated from the second year of audio surveys 

only because no calling activity was recorded on any site for these species in the first survey year (i.e. 

the timing of the survey period in the first wet season may have been too late in the season to capture 

seasonal calling activity of these species). 

 

 

All species except Litoria dahlii were detected using audio call recording, and all 

five species (253 frogs) were recorded during time-constrained searches. Litoria 

bicolor was the most commonly encountered species (using either survey method) 

and was the only species recorded during audio surveys in the first wet season 

(2001). 
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Activity index scores were analysed for Litoria bicolor (2001 and 2002), Litoria 

nasuta, Limnodynastes convexiusculus and all species combined (including Crinia 

bilingua, which was recorded too infrequently to analyse separately; 2002 only). 

Activity index scores generally decreased as para grass cover increased but this 

pattern was not statistically significant (Table 5.5; Fig. 5.5). Survey period was not 

significantly associated with the activity index scores of any species except 

Limnodynastes convexiusculus, for which a significant negative trend was found 

(Table 5.5). Hence, the calling activity of Limnodynastes convexiusculus decreased 

as the 2002 wet season progressed, and activity also decreased significantly as water 

depth increased (Table 5.5, Fig. 5.6). In contrast, the calling activity of Litoria 

bicolor increased significantly as water depth increased, but only in the 2002 wet 

season (Table 5.5, Fig. 5.6). Activity of Litoria nasuta and all species combined was 

not significantly associated with water depth and interactions between para grass 

cover, survey period and water depth were non-significant in all cases (Table 5.5). 

Analyses of frog counts obtained during time-constrained searches generally 

revealed similar trends, with counts of Litoria bicolor decreasing as para grass cover 

increased, but not significantly so (Table 5.6, Fig. 5.7). However, counts of Litoria 

dahlii generally increased with increasing para grass cover, but this association was 

also statistically non-significant (Table 5.6, Fig. 5.7). Combined counts of the 

remaining three species decreased, but were not significantly associated with 

increased para grass cover. 

Frog species richness (from both survey methods combined) ranged between one and 

four species per site but was not significantly associated with para grass cover, with 

as many as three species recorded on sites with more than 80% para grass cover 

(Table 5.6, Fig. 5.7). Survey period and water depth were not associated with counts 

of any species or species richness (Table 5.6), and interactions between predictor 

variables were non-significant in all cases. 



Chapter 5. Effects of para grass on floodplain fauna 

 208 

Table 5.5. Generalised Linear Modelling results of wet season frog call activity index 

versus para grass cover (PARA), survey period (SURVEY) and water depth 

(WATDEP). Surveys were for ten nights which occurred during one of three or four 

distinct survey periods in each wet season (see section 5.2.2 for details). The number 

of species recorded in each wet season was substantially different (only one was 

species recorded in the 2001 wet season), hence data from the two wet seasons were 

analysed separately. One species (Crinia bilingua) was recorded on one site only and 

hence was not analysed; this species was included in the activity index for all species 

combined. Models used PARA, SURVEY and WATDEP as predictor variables and 

were constructed as follows: 1: response variable ~ PARA; 2: response variable ~ 

PARA + SURVEY; 3: response variable ~ PARA +WATDEP; 4: response variable 

~ PARA + SURVEY +WATDEP. Results shown
$
 are coefficients, t values and 

associated probabilities for each predictor variable (statistically significant results are 

indicated by * for P<0.01 or ** for P<0.001), and % deviance explained by each 

model. Para grass cover was arcsine-transformed and all models used a Gaussian 

error distribution with identity link. 

 

Variable Model % dev. 

exp. 

PARA SURVEY WATDEP 

Litoria bicolor activity     

 2001 1 24.8 -1.93, t=-2.15, 

df=14, P=0.05 

  

  2 51.8 -2.14, t=-2.84, 

df=13, P=0.01 

0.58, t=2.70, 

df=13, P=0.02 

 

  3 24.8 -1.92, t=-1.61, 

df=13, P=0.13 

 0.03, t=0.02, 

df=13, P=0.98 

  4 52.8 -2.46, t=-2.46, 

df=12, P=0.03 

0.61, t=2.67, 

df=12, P=0.02 

-0.60, t=-0.51, 

df=12, P=0.62 

 2002 1 6.1 -0.27, t=-0.88, 

df=12, P=0.40 

  

  2 28.1 -0.23, t=-0.82, 

df=11, P=0.43 

0.19, t=1.83, 

df=11, P=0.09 

 

  3 52.6 0.01, t=0.06, 

df=11, P=0.95 

 1.53, t=3.29, 

df=11, P<0.01* 

  4 63.0 0.23, t=0.87, 

df=10, P=0.41 

-0.29, t=-1.67, 

df=10, P=0.13 

2.99, t=3.07, 

df=10, P=0.01 
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Table 5.5. Continued. 

Variable Model % dev. 

exp. 

PARA SURVEY WATDEP 

Litoria nasuta activity     

 2002 1 0.3 -0.02, t=-0.19, 

df=12, P=0.85 

  

  2 18.1 -0.02, t=-0.32, 

df=11, P=0.76 

-0.04, t=-1.59, 

df=11, P=0.14 

 

  3 19.0 -0.06, t=-0.76, 

df=11, P=0.46 

 -0.25, t=-1.59, 

df=11, P=0.14 

  4 19.6 -0.05, t=-0.50, 

df=10, P=0.63 

-0.02, t=-0.28, 

df=10, P=0.79 

-0.16, t=-0.43, 

df=10, P=0.68 

Limnodynastes 

convexiusculus activity 

    

 2002 1 0.1 0.05, t=0.11, 

df=12, P=0.91 

  

  2 47.1 -0.03, t=-0.09, 

df=11, P=0.93 

-0.39, t=-3.17, 

df=11, P<0.01* 

 

  3 49.3 -0.36, t=-1.02, 

df=11, P=0.33 

 -2.19, t=-3.26, 

df=11, P<0.01* 

  4 50.9 -0.24, t=-0.58, 

df=10, P=0.58 

-0.16, t=-0.58, 

df=10, P=0.58 

-1.38, t=-0.88, 

df=10, P=0.40 

All sp. combined activity     

 2002 1 3.9 -0.31, t=-0.69, 

df=12, p=0.50 

  

  2 18.7 -0.35, t=-0.83, 

df=11, P=0.42 

-0.22, t=-1.42, 

df=11, P=0.18 

 

  3 10.7 -0.46, t=-0.97, 

df=11, P=0.35 

 -0.82, t=-0.92, 

df=11, P=0.38 

  4 22.3 -0.14, t=-0.27, 

df=10, P=0.79 

-0.44, t=-1.22, 

df=10, P=0.25 

1.35, t=0.68, 

df=10, P=0.51 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because all interactions were found to be non-significant. 
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Figure 5.5. Activity index of Litoria bicolor (top left), Litoria nasuta (top right), 

Limnodynastes convexiusculus (bottom left) and all species combined (bottom right) 

versus para grass cover. Grey circles = 2001 survey; black circles = 2002 survey. 
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Figure 5.6. Activity index of Litoria bicolor (left) and Limnodynastes convexiusculus 

(right) versus water depth. Grey circles = 2001 survey; black circles = 2002 survey. 
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Table 5.6. Generalised Linear Modelling results of frog counts from time-constrained 

searches and species richness versus para grass cover (PARA), survey period 

(SURVEY) and water depth (WATDEP). Counts are totals from three searches done 

on each site (i.e. on days 1, 6 and 11 of the ten night period of audio survey), which 

occurred during one of three or four distinct survey periods in each wet season (see 

section 5.2.2 for details). Counts for species recorded on less than four sites were not 

analysed; these species were included in species richness and the total abundance of 

‘other’ species. Species richness was the total number of species recorded on a site 

using both survey methods (i.e. time-constrained searches and audio surveys). 

Models were constructed as described for Table 5.5. Results shown
$
 are coefficients, 

t values and associated probabilities for each predictor variable (all results were non- 

significant i.e. P>0.01); and % deviance explained by each model. Para grass cover 

was arcsine-transformed and all models used a Gaussian error distribution with 

identity link. 

Variable Model % dev. 

exp. 

PARA SURVEY WATDEP 

Litoria bicolor count     

 2001 1 4.1 -4.46, t=-0.77, 

df=14, P=0.45 

  

  2 16.7 -3.68, t=-0.66, 

df=13, P=0.56 

-2.76, t=-1.40, 

df=13, P=0.19 

 

  3 4.1 -4.72, t=-0.62, 

df=13, P=0.55 

 -0.48, t=-0.05, 

df=13, P=0.96 

  4 17.0 -2.63, t=-0.35, 

df=12, P=0.73 

-2.33, t=-1.36, 

df=12, P=0.19 

1.96, t=0.22, 

df=12, P=0.83 

 2002 1 5.8 -2.86, t=-0.93, 

df=14, P=0.37 

  

  2 7.4 -2.94, t=-0.93, 

df=13, P=0.37 

0.52, t=0.48, 

df=13, P=0.64 

 

  3 14.0 -1.86, t=-0.58, 

df=13, P=0.57 

 7.01, t=1.12, 

df=13, P=0.28 

  4 23.6 0.87, t=0.23, 

df=12, P=0.82 

-2.98, t=-1.23, 

df=12, P=0.24 

22.91, t=1.59, 

df=12, P=0.14 

Litoria dahlii count
+
     

 2001 1 20.3 7.09, t=1.89, 

df=14, P=0.08 

  

  2 27.1 7.50, t=2.00, 

df=13, P=0.07 

-1.19, t=-1.11, 

df=13, P=0.29 

 

  3 21.6 5.69, t=1.16, 

df=13, P=0.27 

 -2.66, t=-0.46, 

df=13, P=0.65 

  4 27.5 6.70, t=1.34, 

df=12, P=0.21 

-1.13, t=-0.99, 

df=12, P=0.34 

-1.47, t=-0.25, 

df=12, P=0.81 
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Table 5.6. Continued. 

Variable Model % dev. 

exp. 

PARA SURVEY WATDEP 

species richness     

 2001 1 0.6 -0.11, t=-0.30, 

df=14, P=0.77 

  

  2 16.6 -0.16, t=-0.47, 

df=13, P=0.65 

0.15, t=1.56, 

df=13, P=0.14 

 

  3 0.7 -0.08, t=-0.16, 

df=13, P=0.88 

 0.06, t=0.11, 

df=13, P=0.91 

  4 16.6 -0.22, t=-0.47, 

df=12, P=0.65 

0.16, t=1.51, 

df=12, P=0.16 

-0.10, t=-0.19, 

df=12, P=0.85 

 2002 1 0.1 -0.09, t=-0.12, 

df=12, P=0.91 

  

  2 30.1 -0.19, t=-0.29, 

df=11, P=0.78 

-0.52, t=-2.17, 

df=11, P=0.05 

 

  3 20.2 -0.53, t=-0.70, 

df=11, P=0.50 

 -2.36, t=-1.66, 

df=11, P=0.13 

  4 31.0 -0.01, t=-0.02, 

df=10, P=0.98 

-0.71, t=-1.26, 

df=10, P=0.24 

1.16, t=0.37, 

df=10, P=0.72 

total count of other frog 

sp. 

    

 2002 1 12.6 -1.97, t=-1.92, 

df=14, P=0.18 

  

  2 18.7 -1.90, t=-1.37, 

df=13, P=0.19 

-0.48, t=-0.99, 

df=13, P=0.34 

 

  3 9.2 -2.25, t=-1.53, 

df=13, P=0.15 

 -1.99, t=-0.68, 

df=13, P=0.51 

  4 20.0 -1.39, t=-0.76, 

df=12, P=0.46 

-0.94, t=-0.81, 

df=12, P=0.43 

3.03, t=0.44, 

df=12, P=0.67 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because all interactions were found to be non-significant. 

+ Litoria dahlii was recorded on only three sites in the 2002 wet season therefore no analyses were 

performed. Litoria dahlii abundance was included in the analyses of the total abundance of other 

frog species for 2002. 
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Figure 5.7. Time-constrained search counts of Litoria bicolor (top left), Litoria dahlii 

(top right), all other frog species (bottom left), and frog species richness (bottom 

right) versus para grass cover. Grey circles = 2001 survey, black circles = 2002 

survey. 
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5.3.3 Birds 

A total of 13 333 birds from 49 species were recorded from point counts along 

transects (441 points – 316 dry season, 125 wet season). Twenty-two species (45%) 

were only recorded on points where para grass was absent, whereas five species 

(10%) were only counted on points where para grass was present (Table 5.7). 

However, the frequency of occurrence of only one species (little curlew) was found 

to be significantly negatively associated with the presence of para grass, and the 

mean abundance of little curlew was five times higher on survey points with zero 

versus high para grass cover (Table 5.7). As documented for floodplains in general 

for the region, insectivorous birds dominated species richness (37% of species) 

during this study. Of these 18 species, 12 were not recorded in high para grass sites 

and this was the case for three migratory species (oriental pratincole, sharp-tailed 

sandpiper and common greenshank). 

Chi-squared analysis of bird presence and absence in relation to para grass cover 

scores (i.e. frequency of zero versus non-zero counts) found no significant 

association, in either season (dry season: Χ
2
 = 12.34, df = 7, P = 0.09; wet season: Χ

2
 

= 5.95, df = 6, P = 0.43). Hence the null hypothesis was accepted – zero counts 

occurred evenly across all points regardless of the para grass cover score. 

From analyses using the presence-only records, bird species richness was found to 

decrease in association with para grass cover but this weak trend was statistically 

significant only in the dry season and only when water cover was included in the 

model (Table 5.8; Fig. 5.8). Approximately 80% of all individuals recorded during 

point bird counts were magpie geese and this was also the only species recorded 

frequently enough for abundance to be analysed. The abundance of magpie geese 

generally decreased as para grass cover scores increased (particularly for surveys 

points with scores >3 – i.e. cover >5%) (Table 5.8, Fig. 5.8). Few geese were 

recorded on points with para grass cover scores greater than six (i.e. >75% cover), 

but this weak negative association was only statistically significant in the wet season 

(Table 5.8, Fig. 5.8). 
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Table 5.7. Records of all bird species from point counts across para grass levels. 

Values are the mean number of individuals per site and percentage of sites a species 

was recorded on (in parentheses). Mean species richness per survey point, 

cumulative richness, and the total number of survey points (n) in each para grass 

level are also provided. Para grass levels were: None = cover score 0; Moderate = 

cover scores 1–5; High = cover scores ≥6. Statistically significant results of Fisher 

tests for association between frequency of occurrence of individual species and the 

presence or absence of para grass are indicated by * for P<0.01. 

Species Para grass level 

Scientific name 

(ORDER, Family, Species) 

Common name None 

n = 286 

Moderate 

n =82 

High 

n =73 

GALLIFORMES 

  Phasianidae 

    

 Coturnix chinensis king quail 0.04 (3) 0 (0) 0.03 (2) 

 Coturnix ypsilophora brown quail 0.03 (2) 0 (0) 0 (0) 

ANSERIFORMES 

  Anatidae 

    

 Dendrocygna arcuata wandering whistling-

duck 

1.1 (1) 0 (0) 0 (0) 

 Dendrocygna eytoni plumed whistling-duck 1.7 (0.3) 0 (0) 0 (0) 

 Nettapus pulchellus green pygmy-goose 1.0 (0.3) 0 (0) 0 (0) 

 Tadorna radjah radjah shelduck 0.2 (3) 0.02 (1) 0 (0) 

  Anseranatidae     

 Anseranas semipalmata magpie goose 33.4 (14) 9.5 (16) 3.2 (10) 

PELECANIFORMES 

  Phalacrocoracidae 

    

 Phalacrocorax sulcirostris little black cormorant 0 (0) 0.01 (1) 0 (0) 

 Phalacrocorax varius pied cormorant 0 (0) 0.05 (4) 0 (0) 

CICONIIFORMES 

  Ardeidae 

    

 Ardea alba great egret 0.03 (2) 0.02 (1) 0 (0) 

 Ardea ibis cattle egret 0.04 (0.3) 0.13 (1) 0 (0) 

 Ardea intermedia intermediate egret 1.4 (7) 0.04 (1) 0.1 (5) 

 Ardea picata pied heron 0.2 (1) 0 (0) 0 (0) 

  Ciconiidae     

 Ephippiorhynchus asiaticus black-necked stork 0.01 (1) 0 (0) 0 (0) 

  Threskiornithidae     

 Plegadis falcinellus glossy ibis 0.4 (1) 0.05 (3) 0 (0) 

 Threskiornis molucca Australian white ibis 0.05 (2) 0.01 (1) 0 (0) 

 Threskiornis spinicollis straw-necked ibis 0.003 (0.3) 0.04 (1) 0 (0) 
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Table 5.7. Continued. 

Species Para grass level 

Scientific name 

(ORDER, Family, Species) 

Common name None 

n = 286 

Moderate 

n =82 

High 

n =73 

FALCONIFORMES 

  Accipitridae 

    

 Accipiter novaehollandiae grey goshawk 0.01 (2) 0 (0) 0 (0) 

 Circus approximans swamp harrier 0 (0) 0.01 (1) 0.01 (1) 

 Haliaeetus leucogaster white-bellied sea-eagle 0.02 (2) 0 (0) 0 (0) 

 Haliastur indus brahminy kite 0.01 (1) 0 (0) 0 (0) 

 Haliastur sphenurus whistling kite 0.05 (5) 0.04 (4) 0.1 (4) 

 Milvus migrans black kite 0.1 (2) 0 (0) 0 (0) 

  Falconidae     

 Falco berigora brown falcon 0.003 (0.3) 0 (0) 0 (0) 

GRUIFORMES 

  Gruidae 

    

 Grus rubicunda brolga 0.2 (5) 0.06 (4) 0 (0) 

CHARADRIIFORMES 

  Charadriidae 

    

 Vanellus miles masked lapwing 0.02 (1) 0.1 (1) 0.01 (1) 

  Glareolidae     

 Glareola maldivarum oriental pratincole 0 (0) 0.2 (1) 0 (0) 

 Stiltia isabella Australian pratincole 0.1 (9) 0.1 (5) 0.1 (2) 

  Jacanidae     

 Irediparra gallinacea comb-crested jacana 0.03 (2) 0.07 (4) 0.03 (2) 

  Laridae     

 Chlidonias hybridus whiskered tern 0.01 (1) 0.1 (4) 0.2 (6) 

  Recurvirostridae     

 Himantopus himantopus black-winged stilt 0.02 (1) 0 (0) 0 (0) 

  Scolopacidae     

 Calidris acuminata sharp-tailed sandpiper 0.02 (0.3) 0.02 (1) 0 (0) 

 Numenius minutus little curlew* 1.1 (12) 0.04 (4) 0.2 (2) 

 Tringa nebularia common greenshank  0.02 (0.3) 0 (0) 0 (0) 

PSITTACIFORMES 

  Cacatuidae 

    

 Cacatua roseicapilla galah 0.003 (0.3) 0 (0) 0 (0) 

 Cacatua sanguinea little corella  0.4 (3) 0.4 (7) 0.01 (1) 
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Table 5.7. Continued. 

Species Para grass level 

Scientific name 

(ORDER, Family, Species) 

Common name None 

n = 286 

Moderate 

n =82 

High 

n =73 

CORACIIFORMES 

  Meropidae 

    

 Merops ornatus rainbow bee-eater 0.003 (1) 0.05 (4) 0.04 (2) 

PASSERIFORMES 

  Campephagidae 

    

 Coracina 

novaehollandiae 

black-faced cuckoo-

shrike 

0.003 (0.3) 0 (0) 0 (0) 

  Dicruridae     

 Grallina cyanoleuca magpie-lark 0.01 (1) 0 (0) 0 (0) 

 Rhipidura leucophrys willie wagtail 0.05 (4) 0.01 (1) 0 (0) 

 Rhipidura rufifrons rufous fantail 0.003 (0.3) 0 (0) 0 (0) 

  Hirundinidae     

 Hirundo nigricans tree martin  0.2 (3) 0.07 (3) 0 (0) 

  Maluridae     

 Malurus melanocephalus red-backed fairy-wren 0.01 (1) 0 (0) 0 (0) 

  Meliphagidae     

 Conopophila albogularis rufous-banded 

honeyeater 

0.003 (0.3) 0 (0) 0 (0) 

  Pachycephalidae     

 Pachycephala rufiventris rufous whistler 0.01 (1) 0 (0) 0 (0) 

  Passeridae     

 Lonchura castaneothorax chestnut-breasted 

mannikin 

0.1 (0.3) 0 (0) 0 (0) 

  Sylviidae     

 Cisticola exilis golden-headed cisticola 0.03 (2) 0.01 (1) 0.1 (6) 

 Cisticola juncidis zitting cisticola 0 (0) 0.01 (1) 0.04 (4) 

 Megalurus timoriensis tawny grassbird 0.01 (0.3) 0 (0) 0 (0) 

Mean species richness  
 

1.0 0.7 0.6 

Cumulative number of species 44 26 14 
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Table 5.8. Generalised Linear Modelling results of bird species richness, magpie 

goose abundance and abundance of all other bird species from point counts, versus 

para grass cover score (PARASCOR) and water cover (WATCOV). Models used 

PARASCOR and WATCOV as predictor variables and were constructed as follows: 

1: response variable ~ PARASCOR; 2: response variable ~ PARASCOR + 

WATCOV. Survey points with zero counts (n = 229) were excluded. Results shown
$
 

are coefficients, t values and associated probabilities for each predictor variable 

(statistically significant results are indicated by * for P<0.01 or ** for P<0.001), and 

% deviance explained by each model. Water cover was arcsine-transformed; richness 

and abundance variables were log-10 transformed. All models used a Gaussian error 

distribution with identity link. 

Variable Model % dev. exp. PARASCOR WATCOV 

species richness (all sp.)     

 dry 1 2.8 -0.01, t=-2.11, 

df=156, P=0.04 

 

  2 11.4 -0.01, t=-2.47, 

df=155, P<0.01* 

0.31, t=3.87, 

df=155, P<0.001** 

 wet 1 4.5 -0.01, t=-1.57, 

df=52, P=0.12 

 

  2 4.7 -0.01, t=-1.58, 

df=51, P=0.12 

0.02, t=0.24, 

df=51, P=0.81 

magpie goose abundance     

 dry 1 0.03 -0.01, t=-0.22, 

df=156, P=0.83 

 

  2 9.3 -0.01, t=-0.51, 

df=155, P=0.61 

1.48, t=3.98, 

df=155, P<0.001** 

 wet 1 11.6 -0.11, t=-2.61, 

df=52, P<0.01* 

 

  2 12.0 -0.10, t=-2.55, 

df=51, P<0.01* 

-0.18, t=-0.51, 

df=51, P=0.61 

other bird sp. combined abun.    

 dry 1 3.4 -0.03, t=-2.35, 

df=156, P=0.02 

 

  2 10.4 -0.04, t=-2.67, 

df=155, P<0.01* 

0.73, t=3.48, 

df=155, P<0.001** 

 wet 1 2.6 -0.03, t=-1.18, 

df=52, P=0.24 

 

  2 4.0 -0.03, t=-1.23, 

df=51, P=0.22 

0.19, t=0.87, 

df=51, P=0.39 

$ Results presented are for GLMs without the PARASCOR*WATCOV interaction term, 

although interaction terms were initially included in model formulae. All interactions 

were found to be non-significant. 
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Figure 5.8. Species richness of all bird species (top), abundance of magpie geese 

(centre) and abundance of all other bird species (bottom) versus para grass cover 

score (left) and water cover (right). Survey points with zero counts (n = 229) were 

excluded. Bar charts show means ± standard error; scatter plots are raw values or 

log-10 abundance. White bars/open circles = dry season; grey bars/solid circles = wet 

season. Para grass cover scores were: 0 = 0%; 1 =<1% (single plant); 2 = <1%, 3 = 1–

5%; 4 = 5–25%; 5 = 25–50%; 6: 50–75%; 7 = 75–95%; 8: >95% (see Table 3.2 for more 

details). For para grass scores marked with *, means and SE were zero therefore no 

values are shown. NB: There were no survey points with cover scores of 8 in the wet 

season and no points at all with scores of 1. 
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Notably the highest point counts of magpie geese (3000 and 1000) were during the 

dry season at locations with no para grass cover at all. 

Abundance of all other bird species combined showed a similar trend, although the 

weak negative association between abundance and para grass cover scores was 

statistically significant in the dry season only (Table 5.8, Fig. 5.8). Though not 

formally analysed, four species (whistling kite, whiskered tern, golden-headed 

cisticola and zitting cisticola) showed evidence of a positive association with para 

grass cover, as their mean abundances were higher on survey points with high para 

grass cover than on points where para grass was absent (Table 5.7). 

There was a significant positive association between water cover and all the bird 

richness and abundance variables analysed in the dry season (Table 5.8, Fig. 5.8). 

Species accumulation curves showed some differences in rates of accumulation 

among para grass levels (Fig. 5.9). The total cumulative richness for the non-para 

grass survey points was 44 species whereas in the moderate and high-level points this 

figure was 26 and 14 species, respectively. However, sampling effort across para 

grass levels was unequal (i.e. different numbers of survey points in each level) and 

hence the differences in total cumulative richness may be reflections of species-area 

relationships. Examination of the rates of increase in species richness provided a 

more meaningful comparison and this showed that after surveys of 70 points, 

cumulative bird richness was 26 species in areas of zero para grass cover, 24 species 

in moderate para grass cover, but only 14 species for the same number of survey 

points in areas of high para grass cover (Fig. 5.9.). 

5.3.4 Associations between fauna and broad habitat classes 

There were no statistically significant associations between species richness and 

abundance of reptiles, mammals and frogs and the broad habitat classes assigned to 

sites (Fig. 5.10). However for reptiles, visual assessment of richness and abundance 

bar graphs showed that mean values were lower in dense para grass (DP) sites 

compared with other habitats. Overall, importance of any particular ‘natural’ habitat 

(i.e. habitat classes other than dense (DP) or moderate (MP) para grass) for these 

faunal groups was not clearly evident from the bar graphs shown in Figure 5.10. 
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Figure 5.9. Cumulative bird species richness for points in each para grass level. All 

survey points (i.e. zero and non-zero counts) were included in calculations of 

cumulative richness. 
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Figure 5.10. Species richness (left) and total abundance (right) of reptiles, mammals, 

and frogs across eight habitat classes (mean ± standard error). Habitat classes are: DP 

= dense para grass cover; MP = low to moderate para grass cover; BG = bare ground; 

OW = open water; NHYM= Hymenachne acutigluma grassland; ORYZ = Oryza 

meriodionalis grassland; SEDG = sedgeland; NGHS = native grass/herb/sedgeland 

(see section 5.2.4 for more details). For reptiles and mammals, sites occurred in only 

four habitat classes (DP, MP, ORYZ, NGHS). For frogs, abundance was the activity 

index from audio surveys and there were no sites classified as BG or OW. Results of 

Kruskal-Wallis tests for differences among habitat classes are also shown. 
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However for birds, species richness differed across habitat classes (Χ
2
 = 21.3, df =7, 

P<0.01), with the highest mean richness recorded in the open water (OW) habitat 

(Fig. 5.11). Mean bird richness in the dry season also appeared to be significantly 

higher (i.e. based on there being no overlap in error bars, Fig. 5.11) in most natural 

habitats except Oryza grassland (ORYZ), compared with the para grass habitats (DP 

and MP). Mean magpie goose abundance appeared to be substantially higher in the 

sedgeland habitat (SEDG) compared with all others, although this was not a 

statistically significant trend (Χ
2
 = 8.4, df =7, P= 0.30), and the open water and 

Oryza grassland habitats also had high mean magpie goose counts in the dry season 

(Fig. 5.11). For the abundance of all other bird species combined, the open water, 

bare ground and native grass/herb/sedgeland habitats recorded significantly higher 

mean counts (Χ
2
 = 23.9, df =7, P<0.01) than were recorded in the para grass (DP and 

MP) and three remaining natural habitat classes (NHYM, ORYZ and SEDG) (Fig. 

5.11). 

5.3.5 Results summary 

To summarise, floodplain reptile diversity was relatively low overall, nevertheless 

reptile richness did decrease significantly with increasing para grass cover. There 

was some evidence that reptile abundance also decreased in association with para 

grass cover, although results were not statistically significant. Similarly, for 

floodplain mammals, a general trend of declining richness and abundance was 

observed, but not demonstrated to be statistically significant. Analyses of floodplain 

frog communities revealed little evidence of any statistically significant associations 

between richness and abundance (or calling activity) and para grass cover. Non-

significant negative associations with para grass cover were noted for the calling 

activity of some common frog species, but counts of Litoria dahlii showed a non-

significant positive association with para grass cover. 

The species richness and abundance of floodplain birds species (including magpie 

geese) were found to be (weakly) negatively associated with para grass cover. Bird 

abundance appeared to be notably lower in areas where para grass cover scores were 

higher than 3 (i.e. >5% para grass cover). 
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Figure 5.11. Bird species richness, magpie goose abundance and total abundance of 

all other species across eight habitat classes. Bars show means and standard error; 

white bars = dry season; grey bars = wet season. Habitat classes are defined in Fig. 

5.10 and section 5.2.4. All survey points were included (i.e. zero and non-zero 

counts). No points were classed as ‘BG’ in the wet season. 
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Patterns of species accumulation were similar for survey points with zero to 

moderate para grass cover, but, in areas of dense para grass cover, rates of species 

accumulation were much lower. Absences of birds (i.e. zero counts) occurred across 

all areas and were not associated with para grass cover scores and there was also 

some (non-statistical) evidence of positive associations between a few species and 

para grass. Importance of the sedgeland (for magpie geese) and open water habitats 

(for bird richness and abundance of other species) was apparent from assessments of 

broad habitat types. 

5.4 Discussion 

The main effects evident from this study are that, as para grass cover increases, there 

is (i) a decline in floodplain reptile species richness (and abundance of the most 

common species); (ii) a decline in floodplain bird species richness and abundance 

(including the most common abundant bird species – the magpie goose); and (iii) no 

substantial responses by the relatively species poor frogs or mammals. Reviewing the 

ways in which para grass invasion alters native floodplain vegetation, and the 

relationships between plants and animals provides a basis for interpreting the trends 

observed for magpie geese and other faunal groups. 

5.4.1 Magpie geese 

Para grass has been shown to competitively exclude most native plant species once 

cover reaches high levels (i.e. > 50%) (see Chapter 3 and Wilson et al. 1991; 

Douglas et al. 2001; Ferdinands et al. 2005). Replacement of native plant species by 

para grass is likely to reduce habitat quality for any animal species that have close 

associations with native vegetation communities. The sedge species Eleocharis 

dulcis and E. sphacelata were not present on any sites with high-level para grass 

cover surveyed for the habitat work reported in Chapter 3, but Oryza meridionalis 

was recorded on these sites. Displacement of E. dulcis by para grass has also been 

reported in northern Queensland wetlands, and this is thought to have contributed to 

a concurrent decline in the abundance of brolgas (Grus rubicundas) (Fisk 1991). In 

the current study, the absence or reduced cover of Eleocharis spp. and Oryza 

meridionalis in areas with moderate to high para grass cover may explain the lower 
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mean counts of magpie geese on survey points where para grass cover scores were 

higher than three (>5% cover). During the breeding season (March – June), these 

plant species provide high-energy foods for adult birds and, importantly, juveniles, 

that undergo very rapid growth in order to fledge and relocate with their parents to 

other foraging areas in the dry season (Whitehead and Tschirner 1990a). The 

importance of sedgelands for magpie geese in the dry season was further 

demonstrated by the comparison of abundance across broad habitat types, with mean 

counts two to three times higher in sedgelands than other habitats.  

While magpie geese have been observed eating para grass when little else is 

available, a diet of grass alone (i.e. para grass or native grass species) does not meet 

the nutritional requirements for adult birds to remain healthy or juvenile birds to 

maintain growth rates (Dawson et al. 2000). Therefore geese would be unlikely to 

nest and forage in areas dominated by para grass when more favourable habitat is 

available. 

5.4.2 Other floodplain bird species 

The patterns of overall reduced richness and abundance of floodplain bird species 

with increasing para grass cover were consistent with the results reported by 

Braithwaite et al. (1989), which is the only Australian study published to date that 

has investigated the effects of an invasive exotic plant (Mimosa pigra) on floodplain 

vertebrates. The patterns observed in my study are best interpreted in relation to the 

seasonal changes in inundation and vegetation. During the late wet and early dry 

season, the floodplains offer an abundance of food, particularly for insectivorous and 

fish-eating birds as prey become concentrated in swampy areas as floodwaters recede 

(Morton and Brennan 1991). Large congregations of birds (and a variety of species) 

are often found close to shrinking water bodies where a range of habitats remain (i.e. 

mud flats, shallow and deep water areas with or without vegetation). It is therefore 

logical that any decline in bird richness or abundance would be more pronounced in 

the dry season, as was found in this study. Para grass can potentially spread to 

encompass many of these foraging zones (except very deep water i.e. >2m). Areas 

with sparse vegetation, shallow mud flats, or open water provide easy access to 

abundant food resources for the foraging bird species, whereas dense grass cover is 
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likely to make foraging more difficult and hence birds may avoid such areas and feed 

elsewhere. The exact nature of any differences in fish or invertebrate communities 

between habitats with little or no vegetation and para grass is not known, but 

Douglas et al. (2001) found little difference between areas of native grassland 

(Hymenachne acutigluma and Oryza meridionalis) and those with dense para grass. 

Consequently, insectivorous or fish-eating birds may be disadvantaged by the 

conversion of a variety of habitats around contracting wetlands to a para grass 

monoculture possibly because para grass may restrict access to prey, rather than 

reduce the absolute abundance of fish or invertebrates. 

5.4.3 Reptiles 

The number of reptile species recorded during this study was relatively low (5 spp.), 

but this was typical of dry season floodplain habitats for the region (Braithwaite et al. 

1991). Nevertheless, reptile diversity and abundance declined in association with 

increased para grass cover. The majority of individuals recorded were small skink 

species (Carlia gracilis and Ctenotus robustus) which are not known to have close 

associations with particular vegetation types, therefore the observed decline in 

abundance is more likely linked to changes in habitat quality (e.g. extent of 

vegetation cover or ground-level microclimate) or food resources, than directly to the 

loss of native plant diversity from increased para grass cover. Although small reptiles 

require some vegetative cover as protection from heat and predators, the closed 

grassland formed by dense para grass stands may not provide sufficient bare areas for 

reptiles to bask and indeed soil surface temperatures under para grass have been 

found to be lower than those under Oryza meridionalis (Wurm et al. 2006). 

Interestingly, even though the dense para grass and Oryza grassland sites were 

structurally similar (i.e. similar total plant cover, height of vegetation etc), mean 

reptile richness and abundance was substantially higher in the Oryza sites. Reptiles 

are unlikely to be limited by the amount of food available in the form of 

invertebrates, as Douglas et al. (2001) reported no decrease in the richness or 

abundance of terrestrial invertebrates in the dry season for para grass sites versus 

native grasslands. It is possible that subtle differences in vegetation structure 

between the native grassland and para grass may instead inhibit reptile species’ 
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access to invertebrate prey. Reptile habitat is also potentially altered by grazing, 

wallowing and rooting associated with cattle, buffalo and pigs on the floodplains. 

Reptile diversity and abundance generally had a negative association with grazing 

disturbance scores in the present study (i.e. in areas of low to moderate grazing 

disturbance only – highly disturbed areas were not sampled), but in other studies 

reptiles have been shown to have mixed responses to the environmental changes 

caused by the activities of feral ungulates (Friend and Taylor 1984; Friend and 

Cellier 1990). 

5.4.4 Frogs and mammals 

The diversity and abundance of frogs and mammals was found to have little or no 

association with para grass cover. In other words, frog and mammal communities 

were generally similar in areas of native vegetation and para grass and this may be 

explained in part, by the structural similarity of para grass and Oryza grassland. 

Alternatively, where vegetational structure did differ (e.g. para grass versus 

sedgeland), frogs and mammals may be present because availability of key habitat 

features such as some plant cover (for nesting and refuge), access to water (or dry 

ground), and food resources was similar. Braithwaite et al. (1989) found that small 

floodplain mammals responded favourably to increased cover of another invasive, 

exotic plant (Mimosa pigra). It is therefore possible that small mammals may benefit 

from dense para grass cover in a similar way because it offers increased protection 

from heat and predation compared with native vegetation. However the widespread 

displacement of native floodplain vegetation with dense para grass may adversely 

affect some small mammal species, including dusky rats (Rattus colletti), for which 

native grasses and sedge corms are known to be important dietary components 

(Madsen and Shine 1999). Ultimately, frogs and mammals are strongly influenced by 

the environmental characteristics related to seasonality (e.g. timing of wet season 

rains and patterns of inundation), as demonstrated by the significant associations 

between calling activity of some frog species and the timing of survey and water 

depth found during this study. Seasonal influences are therefore likely to override 

any minor effects attributable to increased para grass cover. 
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5.4.5 Implications and conclusions 

In conclusion, the negative associations between the diversity and abundance of 

reptiles and birds (including magpie geese), and para grass cover provide compelling 

evidence that the increased spread of para grass in the Mary River floodplains poses 

a threat to biodiversity and is therefore at odds with goals specified in the 

conservation plan. The Mary River wetlands are listed as being of ‘national 

significance’, largely because it is one of the most important breeding areas in 

northern Australia for magpie geese (Whitehead and Chatto 1996; Armstrong et al. 

2002), a species which has undergone a substantial range contraction across 

Australia (Garnett and Crowley 2000). Magpie geese may be particularly susceptible 

to impacts from para grass because some of the native vegetation communities 

known to be important to the species (namely Oryza grassland and Eleocharis spp. 

sedgeland), are among those most at risk from para grass invasion (Ferdinands et al. 

2005). Furthermore, the continued spread of para grass over a large scale will result 

in reduced habitat diversity as areas of bare ground, open water and patchy 

vegetation are replaced by homogenous stands of dense grassland. Such habitat 

alteration is also likely to disadvantage wading species that migrate from the 

northern hemisphere (e.g. little curlew), hence the conservation implications of the 

continued spread of para grass extend beyond the Mary River catchment. 

At present, para grass covers approximately 2500 hectares within the Mary River 

floodplains. Extensive areas of para grass may contribute to high and sustainable 

cattle production – the main goal for pastoral land managers. However, para grass 

has spread beyond the pastoral boundaries and occurs in areas designated as 

conservation reserves. Another concern is that the potential distribution of para grass 

across the Mary River floodplains could be more than 9000 ha (Ferdinands et al. 

2005). Without the implementation of measures to control the spread of para grass, 

particularly around the boundaries of pastoral lands, or to reduce cover or eradicate 

para grass from conservation zones, the potential distribution of this invasive species 

may well be realised. The results of this study are sufficient to show that widespread 

conversion of the complex mosaic of habitats to a para grass monoculture will reduce 

the biodiversity of some floodplain animal groups and hence lead to a loss of 

conservation value for the Mary River catchment. Approaches for controlling the 
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spread of para grass and on-going monitoring of faunal communities are discussed 

later in the thesis. 
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Abstract 

Effects of the exotic pasture gamba grass (Andropogon gayanus) on vertebrate fauna 

were investigated by monitoring savanna woodland sites in the lower Mary River 

catchment with varying levels of gamba grass cover. Fauna in cleared gamba grass 

paddocks were also sampled and animals were surveyed in both the wet and dry 

season using multiple methods. In addition, a basic assessment of ground-dwelling 

invertebrates was done in one dry season only. Significant negative associations were 

found between reptile diversity (species richness) and the abundance of several 

reptile species (including the threatened gecko, Diplodactylus occultus), and gamba 

grass cover. For birds the most pronounced distinctions were between paddock and 

woodland sites. Although a number of species showed evidence of decline in 

association with increased gamba grass cover, these trends were not statistically 

significant. One bird species (the golden-headed cisticola) was positively associated 

with gamba grass levels. For frogs, ants and other invertebrates, there were few 

consistent trends associated with gamba grass cover, and for mammals (mainly 

rodents) there appeared to be some positive associations. Overall, with the exception 

of small mammals, very few species showed strong indications that the replacement 

of native ground-layer vegetation with dense gamba grass would be beneficial. The 

results from this study suggest that gamba grass may be a threat to biodiversity and 

lead to a loss of conservation value in the Mary River catchment. The results should 

serve as a warning of the possible impacts on vertebrate fauna not only in the Mary 

River region but more widely across the extensive Eucalypt savanna woodlands of 

northern Australia. 

6.1. Introduction 

The open forest and woodland habitats of Australian tropical savannas support a 

great diversity of vertebrate fauna. Over large scales, patterns of vertebrate 

distribution are strongly influenced by similar environmental factors to those 

governing vegetation patterns – seasonal rainfall across a north-south gradient and 

soil types. Many savanna woodland and forest animal species, particularly birds, are 

highly mobile and widespread – with distributions across large areas of the continent 
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because the eucalypt woodlands they occupy are also widely distributed. At smaller 

scales, vertebrate distribution and abundance is related to landscape position and 

local geomorphology, vegetation and disturbance factors, especially fire (Press et al. 

1995). The influence of some of the key habitat characteristics on lowland savanna 

fauna (i.e. excluding species found primarily in rocky, upland savanna areas) is 

discussed below. 

Several animal species move into savanna woodland and forest areas only during 

certain times of the year, in response to food availability or to seek dry refuge as 

nearby floodplains become inundated during the wet season. For example, small 

mammals, including Planigale maculata, Melomys burtoni and Rattus colletti, are 

common on the floodplains during the dry season but move to higher ground in 

adjacent woodlands and forests during the wet season (Williams and Newsome 

1991). Their main predator, the water python (Liasis fuscus), follows its food supply 

and is also seasonally common in savanna woodlands and forests (Madsen and Shine 

1996). Various frog species are found in open woodlands and forests but make local 

movements within this habitat to be close to small, flooded depressions or drainage 

lines during the breeding season (Braithwaite et al. 1991). 

Seasonal variations in the timing of flowering and seeding of plants in savanna 

woodland and forests also influence the movement of animals (particularly birds) in 

and out of these habitats. For instance, honeyeaters feed on the nectar of woodland 

eucalypt species at the end of the wet season. Then, during the mid to late dry season, 

other woodland trees such as Grevillea pteridifolia and Xanthostemon paradoxus are 

in flower and provide nectar. By around September honeyeaters move out of the 

savanna woodlands and forest as various riparian trees begin flowering (Morton and 

Brennan 1991). Seed availability also influences bird assemblages. The seasonal 

environment favours annual grasses, particularly Sarga species (formerly in the 

Sorghum genus), and herbs that persist through the dry season as seeds. Regular 

seasonal production of seeds supports many small granivores including finches, 

pigeons and small parrots (Morton and Brennan 1991). Therefore, despite predictable 

seasonal patterns, the composition and relative abundance of birds at particular 

localities is unpredictable, between months and years because the relative abundance 
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of flowers and seeds within savanna woodlands and forests is highly variable from 

place to place (Morton and Brennan 1991; Woinarski and Tidemann 1991; 

Woinarski et al. 2000). 

For other savanna fauna, vegetation structure and habitat complexity play a key role 

in shaping vertebrate communities. The northern brown bandicoot (Isoodon 

macrourus) is an example of a species requiring more complex vegetational 

structure, preferring areas with a dense understorey of small trees and shrubs and 

well developed leaf litter (Friend and Taylor 1984). Indeed mammal richness and 

abundance has been found to be greatest in savanna woodlands and forests with 

dense mid-level foliage, abundant hollow logs and leaf litter (Friend and Taylor 

1984). Hollow limbs and trunks are obviously crucial habitat components for all 

species that nest in hollows (e.g. arboreal mammals, owls). 

The height and density of understorey grasses may also influence vertebrates by 

providing food (e.g. seeds for granivores) and protection from predators – so much 

so that very dense grass may preclude the development of a rich and abundant 

assemblage of terrestrial insectivores and birds that hunt by pouncing on invertebrate 

prey (Woinarski and Tidemann 1991). Savanna woodlands and forests with sparse 

ground-level vegetation may be favoured by some animal species (e.g. raptors and 

reptiles), but ground-dwelling species (e.g. lizards) still require protection from heat 

during the middle of the day and may instead shelter under litter, in hollow logs or 

soil cracks (Braithwaite et al. 1991). 

Disturbance factors, especially fire, play an important role in shaping vertebrate 

communities. Natural fires (from lightning strikes) occur during the late dry and 

early wet season, but fire regimes have been altered since human settlement. 

Aboriginal people have used fire for traditional land management and cultural 

purposes with burning done patchily across the landscape and progressively 

throughout the year (Russell-Smith 1995). More recently (over the past 100 years), 

traditional burning practices have been replaced with fire management strategies 

designed mainly to benefit pastoral activities, resulting in more frequent and intense 

late dry season fires affecting extensive parts of the landscape. Today, burning 

practices are quite variable across the savannas of northern Australia and tend to 
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differ among stakeholders. In some cases, attempts have been made to re-establish 

traditional Aboriginal burning patterns (e.g. Kakadu National Park), but other areas 

are managed to exclude fire completely (e.g. some pastoral properties). Many areas, 

including the lowland savannas of the Mary River catchment, are deliberately burnt 

frequently (annually or biennially, in the early dry season) to reduce fuel loads and 

the risks of intense, late dry season fires (Billyard 1998). 

In the short-term fire may benefit some animal species, such as those feeding on 

disturbed animals (e.g. kites). Fire reduces the litter biomass and increases insolation 

of the ground surface, creating favourable conditions for ants (Andersen and Müller 

2000) and hence their predators (e.g. lizards). Various woodland bird species are 

attracted to recently burnt areas, particularly granivores and ground-feeding 

omnivores and carnivores (Woinarski 1990). Some animal species are fire-sensitive 

and show a preference for unburnt areas (e.g. small mammals; Corbett et al. 2003). 

Overall, recent research has shown that the timing, intensity and frequency of fires is 

important, with different species favoured under different regimes and that no single 

fire regime is suited to all animal species (Andersen et al. 2005). 

Other anthropogenic disturbance factors, particularly those associated with pastoral 

land management (i.e. clearing, grazing and presence of other feral animals, planting 

of exotic pasture plants for fodder) may have significant and compounding 

influences on savanna animals. All activities can potentially cause substantial change 

to the vegetation. For example, clearing removes trees and shrubs (as well as fallen 

logs and other debris, if followed by burning); cattle grazing may reduce cover and 

diversity of understorey plant species and compact the soil around water sources; and 

exotic pasture species, such as gamba grass (Andropogon gayanus), may replace 

native savanna vegetation – either through sowing as occurs on grazing lands, or 

through natural spread which often extends into conservation reserves. Such changes 

to the vegetation can exacerbate the effects of fire, as discussed in detail in Chapter 

4. 

Environmental changes brought about by the spread of exotic plants have the 

potential to alter habitat quality for animals, and hence influence faunal diversity and 

abundance. However, surprisingly little research has been done to quantify the 
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impact of exotic plants on wildlife. In Australia, the influence of exotic plants on 

vertebrate fauna has been assessed by a handful of studies (e.g. Braithwaite et al. 

1991; Griffin et al. 1989; Valentine 2006), and only the study by Hannah et al. 

(2007) has assessed the impact of an exotic pasture grass (Cenchrus cilaris) on birds 

in savanna woodland habitats. To date, no studies have investigated the effects of 

gamba grass on tropical savanna fauna, despite claims that it has the capacity to be 

an „ecosystem transformer‟ (Rossiter et al. 2003) and has a widespread potential 

distribution across northern Australia (Cameron 2000). Hence, quantitative research 

into this poorly understood but potentially very serious ecological issue is urgently 

required. 

6.1.1. Study objectives 

The specific research objective of work presented in this chapter was to assess the 

influence of gamba grass on the vertebrate fauna of savanna woodlands in the lower 

Mary River catchment. As discussed above, some of the most important factors 

driving patterns of distribution and abundance of savanna animals are seasonality, 

vegetation structure and fire. Invasion of savanna woodlands by gamba grass may 

affect fauna, mainly through the displacement of native understorey vegetation. 

However the mechanisms of impact may be more complex because of associated 

changes to fire regimes and impacts on woody vegetation. Environmental changes of 

this nature may alter the availability or accessibility of key resources for animals (i.e. 

food, nesting and refuge sites), resulting in habitat degradation or enhancement, 

depending on the ecological requirements of individual species. For example, 

habitats with a range of native annual and perennial grasses provide food for various 

granivorous species throughout the year, whereas seed-eating animals may not 

persist in areas that are dominated by a single grass species (e.g. gamba grass) as 

they do not provide a year-round food supply. Gamba grass forms large, dense 

tussocks up to 1m in diameter and can grow to 4m tall. Therefore it is also likely to 

alter soil microclimate through increased shading, and restrict visibility and access to 

prey. Increased intensity of fires in gamba grass areas may affect fauna by causing 

more severe damage to refuge sites (e.g. hollow logs that may only be burnt on the 

surface during less intense fires). 
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Savanna wildlife were sampled using a similar approach to the one described for 

floodplain fauna in the previous chapter. The major vertebrate groups (birds, frogs, 

reptiles and small mammals) were sampled, but large mammals and bats were not 

targeted because of their more demanding sampling protocols. A simple survey of 

ground-dwelling invertebrates was also undertaken to provide basic information on 

the availability of invertebrate food resources for targeted vertebrate fauna. A range 

of faunal groups was chosen because they may be expected to show different 

responses to habitat changes resulting from gamba grass invasion. Furthermore, by 

comparing differences in species‟ associations or responses to gamba grass invasion, 

useful assessments can be made with regard to selecting target species or faunal 

groups for future monitoring. 

As with the floodplain fauna surveys, the purpose of this section of the study was to 

sample the targeted animal groups in savanna woodland areas with varying levels of 

gamba grass cover through periodic surveys in both the wet and dry season, and to 

identify associations between species richness and abundance measures and gamba 

grass cover. The main hypothesis tested was: 

 Species richness and abundance of savanna fauna (reptiles, frogs, mammals, 

birds, ground-dwelling invertebrates) are lower as the cover of gamba grass 

increases. 

As discussed above, disturbance factors such as fire and the activities of introduced 

animals (namely cattle, buffalo and pigs) can significantly influence the flora and 

fauna of savanna woodlands. The presence of these additional disturbance factors in 

the study area made it impossible to completely disentangle the separate influences 

of grazing, fire and gamba grass invasion. Results of the habitat assessments 

presented in Chapter 4 showed only weak (non-significant) correlations between 

gamba grass cover and grazing (ρ=0.50) and fire disturbance (ρ=-0.06) scores (see 

Table 4.3 for details). Nevertheless, as for the vegetation and habitat assessments 

presented in Chapter 4, secondary hypotheses addressing the influence of grazing 

disturbance and fire on fauna richness and abundance were also tested by including 

measures of these factors in most analyses. 
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Furthermore, as reported in earlier chapters, exotic grasses (including gamba grass) 

have been associated with the transformation of woodland areas to grasslands 

through the effects of a grass-fire cycle (D‟Antonio and Vitousek 1992; Rossiter et 

al. 2003). Therefore in order to make comparisons between savanna woodland sites 

with varying levels of gamba grass cover and the extreme case (i.e. gamba grass 

paddocks), fauna were also sampled in paddocks and the following additional 

hypothesis was tested: 

 Species richness and abundance of the targeted faunal groups are lower in 

gamba grass paddock sites than in savanna woodland sites. 

Finally, it should again be noted that this was not a tightly-defined BACI experiment 

but a correlative post-hoc assessment of sites across a gradient of gamba grass 

infestation. I have attempted to tease out the influence of one main factor from a 

complex situation but acknowledge that, because tropical savannas are highly 

dynamic environments, evidence of any impacts of gamba grass on faunal 

communities may be masked by the influence of strong seasonality and patchiness of 

resource availability. However, as there has been no other research on the effects of 

gamba grass on wildlife communities, my study provides much needed information 

on a potentially very widespread threatening process currently posing a risk to the 

conservation of biodiversity in the Mary River region and indeed across Australia‟s 

northern savannas. 

6.2. Methods 

The methods used to survey the vertebrate fauna of savanna woodlands and gamba 

grass paddocks were generally very similar to those described in Chapter 5, for dry 

season surveys of floodplain fauna, although no point counts along transects were 

done. The procedures used were based on vertebrate sampling methods now standard 

for the region (e.g. Woinarski and Ash 2002; Woinarski et al. 2004). However the 

protocols are acknowledged as not being ideal for all species and may have provided 

a poor assessment of large mammals (e.g. macropods) and large, mobile reptiles (i.e. 

monitors and snakes) (Woinarksi et al. 2004). Fauna survey sites were the same as 

those described in Chapter 4 (i.e. 24 sites in total, each 50m x 50m and located in a 
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range of gamba grass levels including gamba grass paddocks) (see section 4.2.1. and 

Fig. 4.1 in Chapter 4). Sites were each visited up to four times (two wet and two dry 

seasons) between August 2000 and April 2002. A combined fauna sampling 

approach of trapping and time-constrained searching was used in order to maximise 

the number of target species recorded. 

6.2.1. Trapping 

Trapping methods were the same as described in Chapter 5, although two pitfall trap 

lines with drift fences were set up on each site (see Fig. 6.1). Also, one of the five 

pitfall traps (i.e. 10L buckets) per line was replaced with a 35cm diameter, 20L 

bucket to facilitate the capture of larger vertebrates (e.g. small monitors). Trap lines 

were located so as to encompass different microhabitats and levels of gamba grass 

cover, where present. Mammals were surveyed during the second dry and wet season 

only (i.e. dry 2001, wet 2002) using the same number and arrangement of Elliott and 

cage traps as described in Chapter 5. Traps were opened for three days and three 

nights and were checked early each morning and once or twice throughout the day 

6.2.2. Time-constrained searches and bird counts 

The methods for time-constrained searches were the same as described in Chapter 5, 

(i.e. three daytime searches of 10 mins with two observers, per site, per survey) and 

in addition, spotlight night searches (each of 10 mins) were carried out on each site. 

The number of individuals of each species seen was recorded and any indirect signs 

(e.g. scats, bones, shed snake skin) were recorded only when these were confidently 

attributable to species. No abundance measure was recorded for indirect signs but the 

species was included in total species richness for the site. 

Birds were surveyed in eight diurnal censuses and two nocturnal censuses per site. 

Each census was for a maximum of five minutes and all birds seen or heard on the 

site were identified and counted. The majority of bird counts were done in the early 

morning, with a few occurring throughout the day and sites were not visited in the 

same order every day.



Chapter 6. Effects of gamba grass on savanna fauna 

240 

 

 

 
 

Figure 6.1. Schematic layout of traps for 50m by 50m woodland site surveys. Note: 

not drawn to scale. 
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6.2.3. Invertebrate sampling 

Ground-dwelling invertebrates were sampled during the dry season of 2001 only. All 

invertebrates found in pitfall traps (i.e. the same traps as used for vertebrate 

sampling, as described in section 6.3.1) on the third day of each survey were 

collected and preserved in 70% ethanol. Samples were later sorted and invertebrates 

were identified to species (for ants and beetles) or order (for all other taxa). 

6.2.4. Analysis 

Analytical approach 

The analytical approach used to assess the associations of gamba grass cover with 

savanna fauna was generally similar to the approach described in the preceding 

chapters. For most analyses, gamba grass cover was included as percentage cover 

and the ordinal scale (i.e. None, Low, Moderate, High and Paddock) was used for 

analyses of species composition. Associations with grazing disturbance, fire 

disturbance, time (i.e. survey year) and distance to water (for frogs only; see Table 

4.2 for full definition of distance to water and notes on methodology), were also 

assessed in most analyses. Generalised Linear Modelling (GLM) was used to test for 

associations between abundance and richness variables for each faunal group and 

gamba grass cover, and the additional predictor variables. Wet and dry season data 

were analysed separately and in some cases (where there were insufficient records of 

a species), data from one season only was analysed. All GLMs were done twice – 

firstly with all sites included, and secondly with the „Paddock‟ sites excluded 

(models from these two different data sets are referred to in the results as „a‟ and „b‟, 

respectively). 

The frequency of occurrence of all species in each faunal group in relation to the 

presence/absence of gamba grass was tested using the Fisher exact test. Patterns of 

species occurrence across gamba grass levels were also assessed qualitatively. 

Species accumulation curves were produced for sites classified by gamba grass level, 

using the Species-Area Plot function in Primer. 
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Data were examined for normality and homogeneity of variances and appropriate 

transformations were performed prior to analysis where necessary. All percentage 

cover variables were arcsine transformed. Data were stored and summarised in a 

Microsoft Excel database (Microsoft Corp., 2002), and all analyses were done using 

S-Plus Version 6.1 for Windows (Insightful Corp. 2002), Statistica Version 6 for 

Windows (StatSoft Inc., 2001), or Primer 5 for Windows Version 5.2.4 (using default 

settings, unless otherwise specified) (Primer-E Ltd 2001). As discussed in earlier 

chapters, analyses involving a large number of tests increases the probability of 

making a Type I error and therefore a significance level of α = 0.01 was used instead 

of the usual level of 0.05. A range of diagnostic techniques (e.g. % deviance 

explained in GLMs, visual assessment of scatterplots) were used to assess the 

strength and biological relevance of any trends. 

Frogs and reptiles 

GLM was used to test for associations of gamba grass cover and the additional 

predictor variables given above and species richness of frogs and reptiles, and the 

abundance of any species with eight or more records. The richness and abundance of 

dragon and gecko species combined, skink species, and total abundance of all frog 

and all reptile species was also analysed. 

Most frog species were not recorded frequently enough in the dry season to allow 

analysis of individual species abundance in that season, but all species were included 

in analyses of dry season total frog richness and abundance. 

Mammals 

GLM was used to test for associations of gamba grass cover and the additional 

predictor variables given above and mammal species richness, total abundance, and 

the abundance of any species with five or more records. As mammals were sampled 

only during the second year of fauna surveys (i.e. once only in each season), „year‟ 

was not included as a predictor variable in mammal GLMs. 
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Birds 

In addition to investigating associations between gamba grass cover and bird species 

richness and individual species abundance, an assessment of groups of bird species 

based on their foraging modes was also deemed to be worthwhile. Consequently, 

bird species were allocated to one of five foraging guilds (based on main foraging 

modes reported in Woinarski and Tidemann 1991 and by J. Woinarski, pers. comm.), 

which were defined as follows: 1: granivores (G), 2: foliage-gleaners (L), 

hawker/salliers (HS), trunk-gleaners (T); 3: nectarivores (N), nectarivore/foliage-

gleaners (NL); 4: terrestrial insectivores (TI), terrestrial omnivores (TO); and 5: all 

other foraging modes (aquatic herbivores (AQH), aquatic herbivores/insectivores 

(AQH/I), arboreal omnivores (AO), frugivores (F), raptors (R)). GLM was used to 

test for associations of gamba grass cover and the additional predictor variables 

given above and bird species richness (in each foraging guild and total) and 

abundance (all species with eight or more records, in each foraging guild, and total). 

Invertebrates 

Invertebrates were sampled during one dry season only, with usually ten traps per 

site. Data from a small number of traps were lost (i.e. vials were broken and 

invertebrates were not preserved adequately for identification), hence the counts for 

these sites were standardized (i.e. total count of each species divided by the number 

of traps, multiplied by ten). The trapping methods used were not intended to deliver 

reliable invertebrate abundance samples, but to determine the assemblages of 

ground-active invertebrates present at each site. Hence, GLM was used only to test 

for associations of species richness of ants, beetles, and all invertebrate species 

combined with gamba grass cover and the additional predictor variables given above. 

Species composition of faunal groups 

Associations between gamba grass and species composition were analysed separately 

for each faunal group. For sites surveyed in both years each season (i.e. four surveys 

in total), one species record per season was chosen at random for inclusion in the 

analyses of species composition (presence-absence records of all species with a 

minimum frequency of two sites, and sites with no species omitted). Seasonal 
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differences in species composition were assessed first, and if no significant 

distinction was evident, a combined species list (for each faunal group) from both 

seasons was made for each site, for the remainder of the species composition 

analyses. The influence of other factors (grazing, fire and distance to water) was 

analysed for woodland sites only (i.e. Paddock sites were excluded). 

Variation among sites in the species composition of each faunal group was analysed 

by nMDS using the Bray-Curtis index of dissimilarity. Ordination plots were 

produced and ANOSIM was done to determine whether there were statistical 

differences in composition among gamba grass, grazing and fire disturbance levels 

(i.e. the same levels as defined in Chapter 4). Where there was evidence of 

compositional distinction, follow-up analyses to determine which species were most 

associated with each gamba grass level were performed by calculating the 

contribution of each species to the within-group similarity, using the Simper routine 

in Primer. 

6.3. Results 

6.3.1. Frogs 

A total of 4671 frogs from 12 species were recorded over the course of all fauna 

surveys (Table 6.1). There were no significant associations between the frequency of 

occurrence of any frog species and the presence of gamba grass, and all species 

except three tree frogs (Litoria caerulea, L. rothii and L. rubella) were recorded in 

gamba grass paddock sites (Table 6.1). 

Frog species richness ranged between zero and seven species per site and was not 

significantly associated with gamba grass cover, but richness was significantly higher 

in the second survey year compared with the first (Table 6.2
1
, Fig. 6.2). There was 

also no significant association between frog richness and distance to water. 

                                                 
1
 For clarity, the results of GLMs are presented in a summarised form throughout this chapter; full 

GLM results are provided in Table VII, Appendix II. 
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Table 6.1. Records of all frog species from dry and wet season surveys of sites in 

each gamba grass level. Values are the mean number of individuals per site and 

percentage of sites a species was recorded on (in parentheses). Mean species richness 

per site, cumulative richness, and the total number of sites in each gamba grass level 

(n) are also provided. Results of Fishers tests for association between the frequency 

of occurrence of individual species and the presence or absence of gamba grass were 

non-signficant (i.e. P≥0.01) in all cases. 

Species Gamba grass level 

Scientific 

name 

Common 

name 

None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

Crinia bilingua bilingual frog 1.7 (38) 18.5 (38) 3.9 (50) 91.3 (35) 68.4 (41) 

Cyclorana 

australis 

giant frog 0.3 (13) 0.1 (13) 0.0 (0) 0.2 (10) 1.2 (18) 

Cyclorana 

longipes 

long-footed 

frog 

1.1 (13) 4.6 (19) 1.9 (17) 0.3 (5) 0.3 (12) 

Limnodynastes 

convexiusculus 

marbled frog 3.3 (25) 1.3 (25) 5.5 (44) 3.5 (30) 7.6 (59) 

Limnodynastes 

ornatus 

ornate 

burrowing frog 

1.8 (13) 0.2 (13) 1.4 (6) 0.0 (0) 0.3 (12) 

Litoria bicolor northern dwarf 

tree frog 

0.0 (0) 0.2 (13) 0.2 (17) 0.0 (0) 0.1 (6) 

Litoria 

caerulea 

green tree frog 0.1 (6) 0.1 (6) 0.1 (11) 0.0 (0) 0.0 (0) 

Litoria nasuta rocket frog 0.0 (0) 0.8 (44) 0.6 (39) 0.2 (10) 0.6 (18) 

Litoria rothii Roth's tree 

frog 

0.0 (0) 0.0 (0) 0.1 (11) 0.1 (10) 0.0 (0) 

Litoria rubella desert tree frog 0.3 (19) 0.6 (19) 0.6 (17) 0.1 (5) 0.0 (0) 

Uperoleia 

inundata 

floodplain 

toadlet 

1.4 (38) 0.5 (13) 5.2 (39) 0.0 (0) 0.5 (12) 

Uperoleia 

lithomoda 

stonemason 

toadlet 

7.2 (44) 1.2 (44) 10.1 (17) 7.4 (20) 0.9 (6) 

Mean species richness 2.1 2.4 2.7 1.3 1.8 

Cumulative number of species 9 11 11 8 9 
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Table 6.2. Summarised Generalised Linear Modelling results of frog richness and 

abundance variables versus gamba grass cover, survey year, grazing disturbance and 

distance to water. Models used GAMBA, GRAZ and DISTW as predictor variables 

and five models were tested for each response variable (1: response variable ~ 

GAMBA; 2: response variable ~ GAMBA + YEAR; 3: response variable ~ GAMBA 

+ YEAR + GRAZ; 4: response variable ~ GAMBA + YEAR + DISTW; 5: response 

variable ~ GAMBA + YEAR + GRAZ + DISTW). GAMBA was arc-sine 

transformed and all abundance variables were log-10 transformed. Where results are 

presented for one season only, there were less than eight records for the species and 

therefore abundance was not analysed.. Statistically significant coefficients (+ or −) 

are indicated by * for P<0.01 or ** for P<0.001; non-significant results are denoted 

by „ns‟. Results for GLM with and without Paddock sites are indicated by „a‟ and „b‟, 

respectively. Dry season values of DISTW for non-paddock sites were invariant 

hence „b‟ models including DISTW were not tested. Full details of model 

construction and the complete GLM results are shown in Table VII, Appendix II. 

Frog variable GAMBA YEAR GRAZ DISTW 

species richness     

 dry a ns + * ns ns 

  b ns + * ns . 

 wet a ns ns ns ns 

  b ns ns ns ns 

total abundance     

 dry a ns ns ns ns 

  b ns ns ns . 

 wet a ns ns ns ns 

  b ns ns ns ns 

Crinia bilingua     

 wet a ns ns ns ns 

  b ns ns ns ns 

Cyclorana australis     

 wet
^
 a ns ns ns ns 

Cyclorana longipes     

 wet a ns + * ns ns 

  b ns + * ns ns 

Limnodynastes convexiusculus     

 dry
^
 a + * ns ns ns 

 wet a ns − * ns ns 

  b ns − ** ns ns 

Limnodynastes ornatus     

 wet a ns ns ns ns 

  b ns ns ns ns 

Litoria nasuta     

 wet a ns ns ns − * 

  b ns ns ns ns 

Uperolia inundata     

 wet a ns ns ns ns 

  b ns ns ns ns 

Uperolia lithomoda     

 wet a ns ns ns ns 

  b ns − * ns ns 

^ Insufficient number of records to test models excluding paddock sites (i.e. b). 
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Figure 6.2. Species richness and total abundance of all frog species, and abundance 

of Limnodynastes convexiusculus versus gamba grass cover. Circles = first survey 

year; triangles = second survey year; solid shapes = Paddock sites. 
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Eight species were recorded frequently enough for abundance to be analysed but 

these tests revealed few significant trends. There was no significant negative 

association with gamba grass cover and the abundance of any of the eight species, 

and the total abundance of all frog species (Table 6.2). One species, Limnodynastes 

convexiusculus, was found to have a significant positive association with gamba 

grass cover in the dry season, although this was driven by a single, high-abundance 

value recorded on one paddock site with high gamba grass cover (see Fig. 6.2). The 

abundance of three frog species differed significantly from one survey year to the 

next (Fig. 6.2), and one species only, Litoria nasuta, appeared to be influenced by 

distance to water, its abundance being lower on sites located further away from water 

(Table 6.2). 

Grazing disturbance was not associated with counts of any frog species or species 

richness (Table 6.2) and interactions between predictor variables were non-

significant in all cases. 

Frog species composition did not differ significantly between seasons (R=0.17
2
, 

P<0.01, average Bray-Curtis dissimilarity 77.6%) hence further analyses of 

composition were done using a species list combined from both seasons, for each 

site. There was no evidence of distinction in frog species composition among gamba 

grass, grazing disturbance
3
 or distance to water levels (i.e. all |R| values < 0.20; Fig. 

6.3). 

In summary, the analyses undertaken in this study found was no evidence of negative 

associations between the richness, abundance and species composition of savanna 

woodland frog species and gamba grass cover. The abundance of Limnodynastes 

convexiusculus was positively associated with gamba grass cover in the dry season 

only. 

                                                 
2
 The significance of ANOSIM results was interpreted as follows: * (moderate compositional 

distinction) for 0.25 ≤ |R| < 0.50 and ** (strong distinction) for |R| ≥ 0.50, rather than on P values 

(Clarke and Gorley 2001). 

3
 Only one woodland site had „Moderate‟ grazing disturbance, hence it was included with the sites 

classed as „Low‟ grazing disturbance for all analyses of species composition. 
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Figure 6.3. Ordination plot of frog species composition for sites in each gamba grass 

(top), grazing disturbance (centre) and distance to water level (bottom). Points 

positioned more closely to each other have more similar frog communities. Paddock 

sites were excluded from ordinations of grazing disturbance and distance to water. 
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6.3.2. Reptiles 

In total, 1696 reptiles from 36 species (5 snake, 18 skink, 5 gecko and 8 other lizard 

species) were recorded (Table 6.3). Four lizard species (Ctenotus essingtonii, 

Ctenotus storri, Diplodactylus occultus, and Heteronotia binoei) were recorded 

significantly more frequently on sites with no gamba grass cover versus sites where 

gamba grass was present (Table 6.3). Furthermore, 50% of species were never 

recorded on paddock sites, but one species (Ctenotus inornatus) was recorded 

exclusively on a paddock site. 

Reptile richness ranged between zero and fourteen species per site and there was a 

strong negative association with gamba grass cover, particularly in the dry season 

(deviance explained by gamba grass cover alone was 47%, see Table VIII in 

Appendix II for details), even when paddock sites were excluded from the analysis 

(i.e. results for model „b‟) (Table 6.4, Fig. 6.4). The trend was the same for total 

reptile abundance, and richness and abundance of the two main subgroups (skinks 

and dragons/geckos). Sites with gamba grass cover greater than approximately 30% 

generally had about half the number of reptile species and individuals as sites with 

little or no gamba grass cover (Fig. 6.4). There was also a positive association 

between total reptile richness (dry season only), dragon/gecko richness and 

dragon/gecko abundance, and fire disturbance scores (Table 6.4, Fig. 6.4). This 

suggests that fire may have a positive influence on habitat quality for reptiles, at least 

at the level of impact recorded during this study. 

Abundance was analysed for fourteen reptile species. For three lizard species 

(Cryptoblepharus plagiocephalus, H. binoei, and Ctenotus storri), abundance 

decreased as gamba cover increased within woodland sites (Table 6.4, Fig. 6.5). Five 

other lizard species (Carlia munda, Carlia rufilatus, Ctenotus essingtoni, Ctenotus 

storri, Diporiphora bilineata and Menetia alanae) also showed a negative 

association with gamba grass cover but these trends were not statistically significant 

(i.e. P values were >0.01, but generally <0.10, see Table VII in Appendix II) when 

paddock sites were excluded (Table 6.4, Fig. 6.5). 
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Table 6.3. Records of all reptile species from dry and wet season surveys of sites in 

each gamba grass level. Values are the mean number of individuals per site and 

percentage of sites a species was recorded on (in parentheses). Mean species richness 

per site, cumulative richness, and the total number of sites in each gamba grass level 

(n) are also provided. Statistically significant results of Fishers tests for association 

between the frequency of occurrence of individual species and the presence or 

absence of gamba grass are indicated by * for P<0.01 and ** for P<0.001. 

Species Gamba Grass Level 

Scientific name Common name None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

Carlia amax two-spined 

rainbow skink 

1.6 (31) 5.1 (63) 3.3 (78) 2.4 (30) 0.6 (12) 

Carlia gracilis slender rainbow 

skink 

2.0 (44) 3.0 (44) 0.7 (17) 2.4 (50) 4.4 (65) 

Carlia munda striped rainbow 

skink 

5.4 (88) 5.8 (81) 2.9 (72) 1.2 (50) 0.1 (12) 

Carlia rufilatus red-sided rainbow 

skink 

2.6 (50) 2.1 (38) 1.2 (28) 1.2 (25) 0.0 (0) 

Cryptoblepharus 

plagiocephalus 

arboreal snake-

eyed skink 

2.6 (81) 1.8 (69) 1.3 (67) 1.0 (45) 0.0 (0) 

Ctenotus 

essingtonii 

Port Essington 

ctenotus* 

2.6 (88) 1.2 (44) 2.3 (72) 1.5 (50) 0.5 (12) 

Ctenotus 

inornatus 

plain ctenotus 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (12) 

Ctenotus 

robustus 

robust ctenotus 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (10) 0.7 (18) 

Ctenotus storri Storr‟s ctenotus** 3.8 (81) 0.8 (25) 0.8 (33) 0.4 (15) 0.1 (6) 

Delma borea legless lizard 0.1 (6) 0.1 (6) 0.0 (0) 0.1 (5) 0.0 (0) 

Demansia atra black-whip snake 0.0 (0) 0.1 (6) 0.0 (0) 0.0 (0) 0.1 (6) 

Demansia 

olivacea 

olive whip snake 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (5) 0.0 (0) 

Diplodactylus 

ciliaris 

spiny-tailed gecko 0.1 (6) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

Diplodactylus 

occultus 

yellow-snouted 

gecko* 

0.3 (25) 0.1 (6) 0.1 (6) 0.0 (0) 0.0 (0) 
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Table 6.3. Continued. 

Species Gamba Grass Level 

Scientific name Common name None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

Diporiphora 

bilineata 

two-lined 

dragon 

2.4 (63) 1.1 (44) 1.0 (61) 0.8 (35) 0.1 (6) 

Gehyra australis northern dtella 0.3 (19) 0.1 (6) 0.0 (0) 0.0 (0) 0.0 (0) 

Glaphyromorphus 

darwiniensis 

Darwin skink 0.9 (25) 0.9 (38) 1.4 (39) 0.6 (20) 1.1 (47) 

Glaphyromorphus 

douglasi 

Douglas‟ skink 0.0 (0) 0.3 (6) 0.1 (11) 0.0 (0) 0.1 (12) 

Glaphyromorphus 

isolepis 

smooth-scaled 

skink 

0.0 (0) 0.1 (6) 0.2 (22) 0.0 (0) 0.1 (6) 

Heteronotia 

binoei 

Bynoe‟s gecko* 3.8 (75) 2.9 (38) 1.8 (61) 0.7 (30) 0.1 (12) 

Lerista 

karlschmidti 

Karl Schmidt‟s 

lerista 

0.1 (13) 0.1 (6) 0.1 (11) 0.1 (5) 0.0 (0) 

Lialis burtonis Burton‟s legless 

lizard 

0.0 (0) 0.0 (0) 0.1 (6) 0.0 (0) 0.0 (0) 

Lophognathus 

gilberti 

Gilbert‟s dragon 0.0 (0) 0.0 (0) 0.2 (11) 0.0 (0) 0.0 (0) 

Lophognathus 

temporalis 

northern water 

dragon 

0.0 (0) 0.1 (6) 0.1 (6) 0.1 (5) 0.0 (0) 

Menetia alanae Alana‟s menetia 1.2 (63) 0.6 (31) 1.0 (56) 0.2 (15) 0.1 (12) 

Menetia greyii Grey‟s menetia 0.1 (6) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

Menetia maini Main‟s menetia 0.0 (0) 0.2 (13) 0.1 (6) 0.2 (15) 0.0 (0) 

Morethia storri Storr‟s snake-

eyed skink 

0.3 (19) 0.2 (19) 0.1 (11) 0.0 (0) 0.0 (0) 

Oedura rhombifer zig-zag gecko 0.1 (13) 0.1 (13) 0.3 (22) 0.3 (30) 0.0 (0) 

Pseudechis 

australis 

king brown 

snake 

0.1 (6) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

Ramphotyphlops 

diversus 

blind snake 0.2 (13) 0.1 (6) 0.2 (11) 0.1 (10) 0.2 (18) 

Tiliqua scincoides common blue-

tongued lizard 

0.1 (6) 0.0 (0) 0.1 (6) 0.0 (0) 0.1 (6) 



Chapter 6. Effects of gamba grass on savanna fauna 

253 

Table 6.3. Continued. 

Species Gamba Grass Level 

Scientific name Common name None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

Tropidonophis 

mairii 

keelback 0.0 (0) 0.0 (0) 0.1 (6) 0.0 (0) 0.4 (12) 

Varanus 

panoptes 

floodplain 

monitor 

0.0 (0) 0.1 (6) 0.0 (0) 0.0 (0) 0.1 (6) 

Varanus scalaris spotted tree 

monitor 

0.0 (0) 0.3 (25) 0.1 (11) 0.5 (30) 0.0 (0) 

Varanus tristis monitor 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (10) 0.0 (0) 

Mean species richness 8.2 6.4 7.3 4.9 2.8 

Cumulative number of species 22 25 25 21 17 
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Table 6.4. Summarised Generalised Linear Modelling results of reptile richness and 

abundance variables versus gamba grass cover, survey year, grazing and fire 

disturbance. Models used GAMBA, YEAR, GRAZ and FIRE as predictor variables 

and five different models were tested for each response variable (1: response variable 

~ GAMBA; 2: response variable ~ GAMBA + YEAR; 3: response variable ~ 

GAMBA + YEAR + GRAZ; 4: response variable ~ GAMBA + YEAR + FIRE; 5: 

response variable ~ GAMBA + YEAR + GRAZ + FIRE). GAMBA was arc-sine 

transformed and all abundance variables were log-10 transformed. Where results are 

presented for one season only, there were less than eight records for the species and 

therefore abundance was not analysed. Statistically significant coefficients (+ or −) 

are indicated by * for P<0.01 or ** for P<0.001 and non-significant results are 

indicated by „ns‟. Results for GLM done with and without Paddock sites are 

indicated by „a‟ and „b‟, respectively. Full details of model construction and the 

complete GLM results are shown in Table VIII, Appendix II. 

Reptile variable GAMBA YEAR GRAZ FIRE 

species richness     

 dry a − ** ns ns + * 
  b − ** ns ns ns 
 wet a − * ns − * ns 
  b ns ns ns ns 
total abundance     
 dry a − ** ns ns ns 
  b − ** ns − * ns 
 wet a − * ns ns ns 
  b ns ns ns ns 
dragon/gecko richness     
 dry a − ** ns ns + * 
  b − * ns ns ns 
 wet a ns ns ns + * 
  b ns ns ns + * 
dragon/gecko abundance     
 dry a − ** ns ns + * 
  b − ** ns − * + * 
 wet a ns ns ns + * 
  b ns − * ns + * 
skink richness     
 dry a − ** ns ns ns 
  b − * ns ns ns 
 wet a − * ns ns ns 
  b ns ns ns ns 
skink abundance     
 dry a − ** ns ns ns 
  b − ** ns − * ns 
 wet a − * ns ns ns 
  b ns ns ns ns 
Carlia amax     
 dry a ns ns ns ns 
  b ns ns ns ns 
 wet a ns − * ns ns 
  b ns ns ns ns 
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Table 6.4. Continued. 

Reptile variable GAMBA YEAR GRAZ FIRE 

Carlia gracilis     

 dry a ns ns + * ns 
  b ns ns + * ns 
 wet a ns ns ns ns 
  b ns ns ns ns 
Carlia munda     
 dry a − ** ns ns ns 
  b ns ns ns ns 
 wet a − ** ns ns ns 
  b ns ns ns ns 
Carlia rufilatus     
 dry a − ** ns ns ns 
  b ns ns ns ns 
Cryptoblepharus 
plagiocephalus 

    

 dry a − ** ns ns ns 
  b − * ns ns ns 
 wet a ns ns ns ns 
  b ns ns ns ns 
Ctenotus essingtoni     
 dry a − ** ns ns ns 
  b ns ns ns ns 
 wet a ns ns ns ns 
  b ns ns ns ns 
Ctenotus storri     
 dry a − * ns ns ns 
  b ns ns ns ns 
 wet a − ** ns ns ns 
  b − * ns ns ns 
Diporiphora bilineata     
 dry a − ** ns ns ns 
  b ns ns ns ns 
 wet a ns ns ns ns 
  b ns − * ns ns 
Glaphyromorphus 
darwiniensis 

    

 dry^ a ns ns ns ns 
 wet a ns ns ns ns 
  b ns ns ns ns 
Heteronotia binoei     
 dry a − ** ns ns ns 
  b − * ns ns ns 
 wet a ns ns ns ns 
  b ns ns ns ns 
Menetia alanae     
 dry a ns ns ns ns 
  b ns ns ns ns 
 wet a − * ns ns ns 
  b ns ns ns ns 
Oedura rhombifer     
 dry a ns ns ns + * 
  b ns ns ns ns 



Chapter 6. Effects of gamba grass on savanna fauna 

256 

Table 6.4. Continued. 

Reptile variable GAMBA YEAR GRAZ FIRE 

Rhamphotyphlops 
diversus 

    

 dry a ns ns ns ns 
  b ns ns ns ns 
Varanus scalaris     
 wet a ns ns ns ns 
  b ns ns ns ns 

^ Insufficient number of records to test models excluding paddock sites (i.e. b). 



Chapter 6. Effects of gamba grass on savanna fauna 

257 

Figure 6.4. Species richness and abundance of all reptiles, skinks, and dragons and 

geckos versus gamba grass cover, and dragon and gecko richness and abundance 

versus fire disturbance score (bottom row). Scatter plots are raw values; bar charts 

show means ± standard error. Diamonds/white bars = dry season; squares/grey bars = 

wet season; solid shapes on scatter plots = Paddock sites. 
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Figure 6.5. Abundance of Carlia munda, Cryptoblepharus plagiocephalus, Ctenotus 

essingtonii, Ctenotus storri, Diporiphora bilineata and Heteronotia binoei versus 

gamba grass cover. Diamonds = dry season; squares = wet season; solid shapes = 

Paddock sites. 
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The other predictor variables analysed, year and grazing disturbance, had only a few 

significant associations with reptile species richness and abundance. For a few 

species, more individuals were recorded in the first wet season survey than the 

second. Grazing was found to be negatively associated with wet season richness of 

all reptile species combined, and dry season abundance of all species and the skink 

and dragon/gecko subgroups. Dry season abundance of Carlia gracilis was positively 

associated with grazing disturbance (Table 6.4). 

Reptile species composition was not significantly influenced by season (R=0.06, 

P=0.04, average Bray-Curtis dissimilarity 68.6%) hence further analyses of 

composition were done using a species list combined from both seasons, for each 

site. The distinction between reptile species composition on paddock versus 

woodland sites was clearly evident in the ordination plot (Fig. 6.6) and ANOSIM 

comparisons confirmed that all gamba grass levels except „High‟ had significantly 

distinct reptile communities from those on paddock sites (Table 6.5). However, 

among the woodland sites, there were no substantial differences in reptile community 

composition in relation the level of gamba grass invasion (Fig. 6.6), with the only 

significant differences in composition being between sites with high gamba grass 

cover and sites with moderate or zero gamba grass cover (Table 6.5). 

Interestingly, the follow-up analyses showed that reptile species composition was 

generally more heterogeneous on sites with high gamba grass cover and paddock 

sites than on sites with no gamba grass present (i.e. average within-gamba grass level 

similarity scores were lower for „High‟ and paddock sites) (Table 6.6). 

Grazing also appeared to influence reptile community composition on woodland sites 

(i.e. Paddock sites were excluded), as sites with minimal grazing disturbance were 

found to be significantly distinct from those with low grazing disturbance (R=0.27, 

P<0.01, average Bray-Curtis dissimilarity 48.0%; Fig. 6.6). There were no significant 

differences in reptile species composition between fire disturbance levels (Global 

R=-0.02, P=0.55; |R| values for all pair-wise comparisons were <0.20) (Fig. 6.6). 
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Table 6.5. Summary of results from one-way ANOSIM comparing reptile species 

composition between pairs of gamba grass levels. Species composition was not 

significantly influenced by season, therefore the analyses presented below are from 

one species list per site, compiled from records for both seasons combined. The R 

statistic is an absolute measure of how separated the groups are on a scale of 0 

(indistinguishable) to 1 (all similarities within groups are less than any similarity 

between groups); comparisons showing evidence of distinction are indicated by * for 

0.25 ≤ |R| < 0.50 or ** for |R| ≥ 0.50 (Clarke and Gorley 2001). Average Bray-Curtis 

dissimilarity (%) between pairs and the number of sites in each level are also shown. 

Global R=0.23, P<0.01. 

Gamba grass 

level 

None 

(n=5) 

Low 

(n=4) 

Moderate 

(n=5) 

High 

(n=5) 

Paddock 

(n=5) 

None      

Low R=0.06, 

P=0.25 

dissim.=36.3 

    

Moderate R=0.01, 

P=0.48 

dissim.=32.3 

R=−0.08, 

P=0.71 

dissim.=38.4 

   

High R=0.36*, 

P<0.01 

dissim.=54.2 

R=0.07 

P=0.30 

dissim.=56.3 

R=0.27*, 

P=0.03 

dissim.=54.4 

  

Paddock R=0.55**, 

P<0.01 

dissim.=72.0 

R=0.42*, 

P=0.04 

dissim.=72.4 

R=0.56**, 

P<0.01 

dissim.=72.8 

R=0.11, 

P=0.23 

dissim.=70.4 
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Table 6.6. Average among-site similarity and major reptile species contributing to 

the composition of sites in each gamba grass level. The species listed collectively 

contributed up to 80% of the total average similarity among sites within each gamba 

grass level. The cumulative percentage contribution of each species to the total 

average Bray-Curtis similarity (in decreasing order of importance) is also presented. 

Gamba grass level Av. % similarity Reptile species Cum. % 

None 71.2 Menetia alanae 

Carlia munda 

Heteronotia binoei 

Cryptoblepharus plagiocephalus 

Ctenotus essingtonii 

Carlia amax 

Ctenotus storri 

 

13.0 

26.1 

39.1 

52.1 

65.1 

73.0 

80.6 

Low 57.2 Carlia munda 

Carlia amax 

Cryptoblepharus plagiocephalus 

Glaphyromorphus darwiniensis 

Heteronotia binoei 

Carlia gracilis 

 

20.2 

40.5 

60.7 

68.9 

77.2 

81.6 

Moderate 62.8 Carlia munda 

Heteronotia binoei 

Diporiphora bilineata 

Cryptoblepharus plagiocephalus 

Ctenotus essingtonii 

Carlia amax 

Menetia alanae 

 

14.2 

28.4 

42.6 

56.8 

70.9 

79.4 

83.8 

High 38.5 Carlia gracilis 

Varanus scalaris 

Cryptoblepharus plagiocephalus 

Oedura rhombifer 

Carlia rufilatus 

Ctenotus essingtonii 

Carlia munda 

 

23.7 

34.1 

44.3 

54.1 

64.0 

73.8 

82.8 

Paddock 32.2 Carlia gracilis 

Glaphyromorphus darwiniensis 

55.0 

82.4 
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Figure 6.6. Ordination plot of reptile species composition for sites in each gamba 

grass (top), grazing disturbance (centre) and fire disturbance level (bottom). Points 

positioned more closely to each other have more similar reptile communities. 

Paddock sites were excluded from ordinations of grazing and fire disturbance. 
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To summarise, there was clear evidence of several negative associations between 

gamba grass cover and species richness, total abundance, abundance of some lizard 

species. Distinctions in the community composition of savanna woodland reptile 

species were also associated with gamba grass cover. The most pronounced trends 

were the differences between paddock and woodland sites. However in most cases, 

negative associations with gamba grass cover were still apparent even when paddock 

sites were excluded. There were no positive associations between any reptile richness 

or abundance variables and gamba grass cover. 

6.3.3. Mammals 

Nine mammal species (5 rodents, 3 marsupials, 1 canine) and 264 individuals were 

recorded in total (Table 6.7). There were no significant patterns of frequency of 

occurrence of mammal species with respect to gamba grass presence or absence, but 

interestingly, more than twice as many species were recorded on paddock sites than 

on sites where gamba grass was absent (Table 6.7). There were significant positive 

associations between gamba grass cover and mammal species richness and total 

mammal abundance (in both seasons) and these trends persisted even when paddocks 

sites were excluded (Table 6.8, Fig. 6.7; deviance explained by gamba grass cover 

alone was approximately 40% – see Table IX in Appendix II for details). The most 

abundant species – Melomys burtonii and Rattus colletti, were found to have a 

similar trend (Table 6.8; Fig. 6.7). GLM of M. burtonii abundance also detected a 

weak negative association with grazing disturbance scores (Table 6.8). Furthermore, 

total mammal richness and abundance, and abundance of Isoodon macrourus were 

negatively associated with fire disturbance scores (Table 6.8, Fig. 6.8). 

Mammal species composition was not assessed because richness was too low (≤ 3 on 

most sites) to facilitate meaningful analyses. In summary, the most important trend 

found during analyses of savanna mammal species (particularly rodents) was that 

richness and abundance were generally positively associated with gamba grass cover. 

There was also some evidence of a negative association between fire and mammal 

richness and abundance, but little indication of any significant associations with 

grazing disturbance (other than a weak negative association for one species). 
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Table 6.7. Records of all mammal species from dry and wet season surveys of sites 

in each gamba grass level. Values are the mean number of individuals per site and 

percentage of sites a species was recorded on (in parentheses). Mean species richness 

per site, cumulative richness, and the total number of sites in each gamba grass level 

(n) are also provided. Results of Fishers tests for association between the frequency 

of occurrence of individual species and the presense or absence of gamba grass were 

non-signficant (i.e. P≥0.01) in all cases. 

Species Gamba Grass Level 

Scientific name Common name None 

n = 8 

Low 

n = 8 

Moderate 

n = 8 

High 

n = 10 

Paddock 

n = 8 

Canis familiaris dingo 0.0 (13) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

Isoodon 

macrourus 

northern brown 

bandicoot 

0.0 (0) 0.9 (25) 0.0 (0) 1.8 (40) 1.4 (50) 

Leggadina 

lakedownensis 

Lakeland 

Downs mouse 

0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.3 (13) 

Macropus agilis agile wallaby 0.8 (50) 0.8 (63) 1.5 (63) 0.3 (20) 0.0 (25) 

Melomys burtoni grassland 

melomys 

0.0 (0) 0.3 (13) 0.9 (25) 2.0 (40) 2.8 (63) 

Planigale 

maculata 

common 

planigale 

0.0 (0) 0.5 (25) 1.4 (25) 0.5 (30) 0.8 (25) 

Rattus colletti dusky rat 0.0 (0) 0.0 (0) 0.0 (0) 1.2 (40) 14.0 (63) 

Rattus rattus black rat^ 0.3 (13) 0.0 (0) 0.3 (13) 0.0 (0) 0.0 (0) 

Rattus tunneyi pale field-rat 0.0 (0) 0.3 (13) 0.0 (0) 0.0 (0) 0.3 (13) 

Mean species richness 0.8 1.4 1.3 1.7 2.5 

Cumulative number of species 3 5 4 5 7 

^ introduced feral rat 
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Table 6.8. Summarised Generalised Linear Modelling results of mammal richness 

and abundance variables versus gamba grass cover, grazing and fire disturbance. 

Models used GAMBA, GRAZ and FIRE as predictor variables and four different 

models were tested for each response variable (1: response variable ~ GAMBA; 2: 

response variable ~ GAMBA + GRAZ; 3: response variable ~ GAMBA + FIRE; 4: 

response variable ~ GAMBA + GRAZ + FIRE). GAMBA was arc-sine transformed 

and all abundance variables were log-10 transformed. Where results are presented for 

one season only, there were less than five records for the species and therefore 

abundance was not analysed. Statistically significant coefficients (+ or −) are 

indicated by * for P<0.01 or ** for P<0.001 and non-significant results are indicated 

by „ns‟. Results for GLM done with and without Paddock sites are indicated by „a‟ 

and „b‟, respectively. Full details of model construction and the complete GLM 

results are shown in Table IX, Appendix II. 

Mammal variable GAMBA GRAZ FIRE 

species richness    

 Dry a + * ns ns 

  b + * ns − * 

 Wet a + * ns ns 

  b + * ns ns 

total abundance    

 Dry a + * ns ns 

  b + ** ns − * 

 Wet a + ** ns − * 

  b + ** ns ns 

Isoodon macrourus    

 Dry a ns ns ns 

  b + ** ns − ** 

 Wet a ns ns ns 

  b ns ns ns 

Macropus agilis    

 Dry a ns ns ns 

  b ns ns ns 

 Wet a − * ns ns 

  b ns ns ns 

Melomys burtoni    

 Wet a + ** − * ns 

  b + ** − * ns 

Planigale maculata    

 Wet a + * ns ns 

  b + * ns ns 

Rattus colletti^    

 Dry a + * ns ns 

 Wet a + * ns ns 

^ Insufficient number of records to test models excluding paddock sites (i.e. b). 
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Figure 6.7. Species richness and total abundance of all mammals (top row), and 

abundance of Isoodon macrourus, Melomys burtoni, Planigale maculata and Rattus 

colletti versus gamba grass cover. Diamonds = dry season; squares = wet season; 

solid shapes = Paddock sites. 
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Figure 6.8. Total mammal abundance versus fire disturbance score. Values are means 

± standard error; white bars = dry season, shaded bars = wet season. 
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6.3.4. Birds 

A total of 4543 birds from 80 species were recorded during fauna surveys (Table 

6.9). Only two species were found to have a significant pattern of frequency of 

occurrence. The pied butcherbird was recorded more frequently where gamba grass 

was absent (39% of records) and the golden-headed cisticola was recorded only on 

sites where gamba grass was present, with 72% of golden-headed cisticola records on 

woodland sites with high gamba grass cover or paddock sites (Table 6.9). One 

granivorous species, the chestnut-breasted manikin, was observed clinging to gamba 

grass stems and feeding on the mature seed in the dry season. Other notable trends 

were that 68 (85%) species were not recorded on paddock sites, and four species 

(Australian owlet-nightjar, galah, rufous-banded honeyeater and northern fantail) 

were recorded only where gamba grass was absent. Each of the five different 

foraging guilds were recorded across all woodland sites, but two groups– guilds 3 

(nectarivores, nectarivores/foliage-gleaners) and 5 („others‟: aquatic herbivores, 

aquatic herbivores/insectivores, arboreal omnivores, frugivores and raptors), were 

not found on paddock sites (Table 6.9). 

For species richness and total abundance of all bird species combined, there was a 

general decline in richness and abundance as gamba grass cover increased, but 

except in the case of total species richness (significant only in the dry season and 

with paddock sites included), these trends were not statistically significant (Table 

6.10, Figs 6.9 and 6.10). Similarly, for each of the foraging guilds, a general pattern 

of decreasing richness or abundance with increasing gamba grass cover was apparent 

in most cases (and significantly so for richness of guilds 2 and 3, and abundance of 

guild 3). However these trends were not statistically significant when paddock sites 

were excluded (Table 6.10., Figs 6.9 and 6.10). A temporal influence on abundance 

was also found with counts of birds generally higher in the first wet season than 

second wet season, but dry season counts were similar across the two years (Table 

6.10, Fig. 6.10).
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Table 6.9. Records of all bird species from dry and wet season surveys of sites in each gamba grass level. Values are the mean number 

of individuals per site and percentage of sites a species was recorded on (in parentheses). Mean species richness per site (of each 

foraging guild and all species), cumulative richness, and the total number of sites in each gamba grass level (n) are also provided. 

Foraging codes and guilds (in square brackets) are shown; these are defined in section 6.2.4. Statistically significant results of Fishers 

tests for association between the frequency of occurrence of individual species and the presence or absence of gamba grass are indicated 

by * for P<0.01. 

Species  Gamba Grass Level 

Scientific name 

 (ORDER, Family, Species) 

 

Common name 

Foraging 

Code and 

Guild 

None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

GALLIFORMES 

  Phasianidae       

 Coturnix ypsilophora brown quail G [1] 0.0 (0) 0.7 (19) 0.0 (0) 0.1 (5) 0.0 (0) 

ANSERIFORMES 

  Anatidae       

 Nettapus pulchellus green pygmy-goose AQH [5] 0.0 (0) 0.0 (0) 0.1 (6) 0.0 (0) 0.0 (0) 

 Tadorna radjah radjah shelduck AQH/I [5] 0.2 (6) 0.0 (0) 0.0 (0) 0.1 (5) 0.0 (0) 

FALCONIFORMES 

  Accipitridae       

  Accipiter fasciatus brown goshawk R [5] 0.1 (6) 0.0 (0) 0.1 (11) 0.1 (5) 0.0 (0) 

  Haliastur sphenurus whistling kite TO [4] 0.3 (13) 0.3 (13) 1.0 (28) 1.5 (45) 0.4 (29) 

  Hamirostra melanosternon black-breasted buzzard R [5] 0.0 (0) 0.1 (6) 0.0 (0) 0.0 (0) 0.0 (0) 

  Milvus migrans black kite TO [4] 0.5 (25) 0.6 (19) 0.6 (22) 0.4 (20) 0.0 (0) 

  Falconidae       

  Falco berigora brown falcon TO [4] 0.2 (6) 0.5 (19) 0.0 (0) 0.1 (10) 0.0 (0) 

GRUIFORMES 

  Otididae       

  Ardeotis australis Australian bustard TO [4] 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (6) 
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Table 6.9. Continued. 

Species  Gamba Grass Level 

Scientific name 

 (ORDER, Family, Species) 

 

Common name 

Foraging 

Code and 

Guild 

None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

TURNICIFORMES 

  Turnicidae       

  Turnix maculosa red-backed button-quail G [1] 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (5) 0.0 (0) 

  Turnix pyrrhothorax red-chested button-quail G [1] 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 1.3 (12) 

CHARADRIIFORMES 

  Burhinidae       

  Burhinus grallarius bush stone-curlew TO [4] 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (5) 0.0 (0) 

COLUMBIFORMES 

  Columbidae       

  Geopelia humeralis bar-shouldered dove G [1] 1.3 (44) 1.3 (44) 1.1 (44) 2.7 (70) 0.0 (0) 

  Geopelia striata peaceful dove G [1] 1.8 (31) 2.9 (69) 3.0 (61) 3.9 (80) 0.0 (0) 

PSITTACIFORMES 

  Cacatuidae       

  Cacatua galerita sulphur-crested cockatoo G [1] 1.4 (50) 0.4 (19) 1.4 (44) 0.5 (25) 0.0 (0) 

  Cacatua roseicapilla galah G [1] 0.4 (13) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

  Cacatua sanguinea little corella G [1] 0.8 (38) 0.5 (19) 1.8 (39) 0.0 (0) 0.0 (12) 

  Calyptorhynchus banksii red-tailed black-cockatoo G [1] 0.3 (13) 0.3 (6) 0.1 (6) 0.6 (5) 0.0 (0) 

  Psittacidae       

  Aprosmictus erythropterus red-winged parrot G [1] 0.9 (13) 0.9 (25) 1.3 (33) 1.5 (35) 0.0 (0) 

  Psitteuteles versicolor varied lorikeet N [3] 0.0 (0) 1.0 (6) 0.0 (0) 0.0 (0) 0.0 (0) 

  Trichoglossus haematodus rainbow lorikeet N [3] 14.3 (88) 15.5 (100) 11.7 (72) 4.6 (70) 0.0 (0) 
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Table 6.9. Continued. 

Species  Gamba Grass Level 

Scientific name 

 (ORDER, Family, Species) 

 

Common name 

Foraging 

Code and 

Guild 

None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

CUCULIFORMES 

  Centropodidae       

  Centropus phasianinus pheasant coucal TO [4] 0.0 (6) 0.1 (6) 0.1 (11) 0.4 (15) 0.0 (0) 

  Cuculidae        

  Cacomantis variolosus brush cuckoo L [2] 0.2 (19) 0.3 (19) 0.5 (28) 0.6 (45) 0.0 (0) 

  Chrysococcyx basalis Horsfield's bronze-cuckoo L [2] 0.0 (0) 0.0 (0) 0.1 (6) 0.0 (0) 0.0 (0) 

  Chrysococcyx minutillus little bronze-cuckoo L [2] 0.0 (0) 0.0 (6) 0.0 (0) 0.0 (0) 0.0 (0) 

  Cuculus pallidus pallid cuckoo L [2] 0.0 (0) 0.0 (0) 0.0 (0) 0.2 (15) 0.0 (0) 

  Scythrops novaehollandiae channel-billed cuckoo L [2] 0.0 (6) 0.0 (0) 0.1 (6) 0.0 (0) 0.0 (0) 

STRIGIFORMES 

  Strigidae       

  Ninox connivens barking owl TO [4] 0.0 (6) 0.0 (6) 0.1 (11) 0.2 (15) 0.0 (0) 

  Tytonidae       

  Tyto alba barn owl TO [4] 0.0 (0) 0.5 (13) 0.0 (0) 0.0 (0) 0.0 (0) 

CAPRIMULGIFORMES 

  Aegothelidae       

  Aegotheles cristatus Australian owlet-nightjar HS [2] 0.0 (6) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

  Podargidae       

  Podargus strigoides tawny frogmouth TO [4] 0.1 (6) 0.2 (13) 0.0 (0) 0.0 (0) 0.0 (0) 

CORACIIFORMES 

  Coraciidae       

  Eurystomus orientalis dollarbird HS [2] 0.0 (0) 0.1 (6) 0.0 (6) 0.0 (0) 0.0 (0) 
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Table 6.9. Continued. 

Species  Gamba Grass Level 

Scientific name 

 (ORDER, Family, Species) 

 

Common name 

Foraging 

Code and 

Guild 

None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

  Halcyonidae       

  Dacelo leachii blue-winged kookaburra TO [4] 1.4 (50) 2.1 (50) 1.8 (72) 1.0 (45) 0.0 (0) 

  Todiramphus macleayii forest kingfisher TO [4] 0.5 (31) 1.3 (44) 1.5 (44) 0.3 (20) 0.0 (0) 

  Todiramphus pyrrhopygia red-backed kingfisher TO [4] 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (5) 0.0 (0) 

  Meropidae       

  Merops ornatus rainbow bee-eater HS [2] 3.4 (44) 6.6 (94) 6.2 (94) 5.7 (85) 0.0 (0) 

PASSERIFORMES 

  Alaudidae       

  Mirafra javanica singing bushlark TI [4] 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.5 (18) 

  Artamidae       

  Artamus cinereus black-faced woodswallow HS [2] 0.0 (0) 0.0 (0) 0.0 (0) 1.0 (10) 0.0 (0) 

  Artamus leucorynchus white-breasted woodswallow HS [2] 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (5) 0.1 (6) 

  Cracticus nigrogularis pied butcherbird* TO [4] 2.4 (56) 0.3 (25) 0.5 (28) 0.6 (25) 0.0 (0) 

  Campephagidae       

  

Coracina 

novaehollandiae black-faced cuckoo-shrike L [2] 0.7 (19) 0.6 (38) 1.0 (11) 0.1 (10) 0.0 (0) 

  Coracina papuensis white-bellied cuckoo-shrike L [2] 2.7 (69) 4.4 (81) 2.1 (83) 4.0 (85) 0.0 (0) 

  Lalage leucomela varied triller L [2] 0.8 (6) 0.0 (0) 0.4 (11) 0.8 (15) 1.8 (18) 

  Lalage sueurii white-winged triller TI [4] 1.9 (44) 1.2 (44) 1.7 (61) 2.9 (55) 0.0 (0) 

  Climacteridae       

  Climacteris melanura black-tailed treecreeper T [2] 0.0 (0) 0.6 (19) 0.4 (28) 0.1 (5) 0.0 (0) 

  Corvidae       

  Corvus orru Torresian crow TO [4] 0.3 (25) 0.1 (6) 0.2 (17) 0.1 (20) 0.0 (6) 
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Table 6.9. Continued. 

Species  Gamba Grass Level 

Scientific name 

 (ORDER, Family, Species) 

 

Common name 

Foraging 

Code and 

Guild 

None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

  Dicaeidae       

  Dicaeum hirundinaceum mistletoebird F [5] 1.3 (50) 1.5 (63) 2.0 (61) 1.8 (65) 0.0 (0) 

  Dicruridae       

  Dicrurus bracteatus spangled drongo AO [5] 0.0 (0) 0.1 (6) 0.3 (11) 0.5 (20) 0.0 (0) 

  Grallina cyanoleuca magpie-lark TI [4] 0.1 (6) 0.5 (19) 0.2 (17) 0.1 (10) 0.1 (6) 

  Myiagra inquieta restless flycatcher HS [2] 0.1 (6) 0.0 (0) 0.0 (0) 0.1 (5) 0.0 (0) 

  Myiagra rubecula leaden flycatcher HS [2] 0.3 (19) 0.1 (6) 0.3 (22) 0.4 (15) 0.0 (0) 

  Rhipidura leucophrys willie wagtail HS [2] 0.1 (6) 0.1 (6) 0.2 (11) 0.9 (45) 0.0 (0) 

  Rhipidura rufiventris northern fantail HS [2] 0.2 (6) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

  Hirundinidae       

  Hirundo nigricans tree martin HS [2] 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (5) 0.0 (0) 

  Maluridae       

  Malurus melanocephalus red-backed fairy-wren TI [4] 0.0 (0) 0.0 (0) 10.2 (22) 1.7 (15) 0.0 (0) 

  Meliphagidae       

  Conopophila albogularis rufous-banded honeyeater NL [3] 0.1 (6) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

  Entomyzon cyanotis blue-faced honeyeater NL [3] 3.3 (63) 2.3 (50) 1.9 (78) 2.8 (70) 0.0 (0) 

  Lichenostomus unicolor white-gaped honeyeater NL [3] 0.0 (0) 0.0 (0) 0.0 (0) 0.4 (5) 0.0 (0) 

  Lichmera indistincta brown honeyeater NL [3] 0.1 (6) 0.1 (13) 0.3 (6) 1.0 (25) 0.0 (0) 

  Manorina flavigula yellow-throated miner NL [3] 0.0 (0) 0.4 (13) 0.0 (0) 0.7 (20) 0.0 (0) 

  Melithreptus albogularis white-throated honeyeater NL [3] 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.2 (6) 

  Myzomela obscura dusky honeyeater N [3] 0.2 (6) 0.0 (0) 0.0 (0) 0.2 (10) 0.0 (0) 

  Philemon argenticeps silver-crowned friarbird NL [3] 0.0 (6) 0.1 (6) 0.0 (0) 0.0 (0) 0.0 (0) 

  Philemon citreogularis little friarbird NL [3] 0.8 (44) 2.4 (44) 0.4 (28) 0.7 (30) 0.0 (0) 
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Table 6.9. Continued. 

Species  Gamba Grass Level 

Scientific name 

 (ORDER, Family, Species) 

 

Common name 

Foraging 

Code and 

Guild 

None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

  Oriolidae       

  Oriolus flavocinctus yellow oriole AO [5] 1.0 (38) 0.8 (44) 1.7 (61) 1.4 (55) 0.0 (0) 

  Sphecotheres viridis figbird F [5] 0.0 (0) 0.0 (0) 0.0 (0) 0.9 (10) 0.0 (0) 

  Pachycephalidae       

  Pachycephala simplex grey whistler L [2] 0.0 (6) 0.0 (6) 0.0 (0) 0.0 (0) 0.0 (0) 

  Pardalotidae       

  Gerygone chloronotus green-backed gerygone L [2] 0.0 (0) 0.0 (0) 0.1 (6) 0.5 (20) 0.0 (0) 

  Pardalotus striatus striated pardalote L [2] 1.1 (19) 0.8 (25) 1.1 (44) 1.5 (55) 0.0 (0) 

  Smicrornis brevirostris weebill L [2] 1.6 (31) 4.9 (75) 2.0 (50) 1.6 (45) 0.0 (0) 

  Passeridae       

  Lonchura castaneothorax chestnut-breasted mannikin G [1] 0.3 (6) 3.4 (38) 2.1 (17) 3.5 (35) 0.0 (0) 

  Neochmia phaeton crimson finch G [1] 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.3 (6) 

  Poephila acuticauda long-tailed finch G [1] 0.0 (0) 0.1 (6) 0.0 (0) 0.4 (10) 0.0 (0) 

  Poephila personata masked finch G [1] 0.0 (0) 0.0 (0) 0.0 (0) 1.8 (15) 0.0 (0) 

  Taeniopygia bichenovii double-barred finch G [1] 0.0 (0) 0.0 (0) 0.0 (0) 1.0 (25) 0.0 (0) 

  Petroicidae       

  Microeca flavigaster lemon-bellied flycatcher HS [2] 1.3 (38) 0.6 (38) 1.4 (44) 3.8 (65) 0.0 (0) 

  Pomatostomidae       

  Pomatostomus temporalis grey-crowned babbler TI [4] 0.3 (13) 2.6 (38) 1.3 (28) 2.1 (20) 0.0 (0) 

  Ptilonorhynchidae       

  Chlamydera nuchalis great bowerbird AO [5] 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (5) 0.0 (0) 
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Table 6.9. Continued. 

Species  Gamba Grass Level 

Scientific name 

 (ORDER, Family, Species) 

 

Common name 

Foraging 

Code and 

Guild 

None 

n = 16 

Low 

n = 16 

Moderate 

n = 18 

High 

n = 20 

Paddock 

n = 17 

  Sylviidae       

  Cisticola exilis golden-headed cisticola* TI [4] 0.0 (0) 1.5 (25) 0.2 (17) 3.1 (35) 6.8 (65) 

  Megalurus timoriensis tawny grassbird TI [4] 0.3 (6) 0.0 (0) 0.0 (0) 0.3 (5) 0.0 (0) 

          

Mean species richness       

  foraging guild 1 (granivores)  2.0 2.1 2.5 2.9 0.3 

  foraging guild 2 (hawkers/salliers, foliage-gleaners, trunk- 

     gleaners)  3.3 3.9 4.4 5.2 0.2 

  foraging guild 3 (nectarivores, nectarivores/foliage-gleaners)  2.8 3.5 2.9 3.3 0.0 

  foraging guild 4 (terrestrial insectivores, terrestrial omnivores  2.2 2.9 2.7 3.0 1.4 

  foraging guild 5 (others: aquatic herbivores, aquatic herbivores/ 

     insectivores, arboreal omnivires, frugivores, raptors)  1.0 1.1 1.5 1.7 0.0 

  All species  11.2 13.5 14.1 16.0 1.9 

Cumulative number of species (all foraging groups combined)  48 48 44 59 12 
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Table 6.10. Summarised Generalised Linear Modelling results of bird foraging guild 

and total richness and abundance variables, versus gamba grass cover, survey year, 

grazing and fire disturbance. Models used GAMBA, YEAR, GRAZ and FIRE as 

predictor variables and were constructed as described for reptiles (Table 6.4). 

GAMBA was arc-sine transformed and all abundance variables were log-10 

transformed. Statistically significant coefficients (+ or −) are indicated by * for 

P<0.01 or ** for P<0.001 and non-significant results are indicated by „ns‟. Results 

for GLM done with and without Paddock sites are indicated by „a‟ and „b‟, 

respectively. Full details of model construction and the complete GLM results and 

are shown in Table X, Appendix II. 

Bird variable GAMBA YEAR GRAZ FIRE 

total species richness     

 dry a − * ns ns + * 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

total abundance     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns − ** ns ns 

  b ns − ** + * ns 

foraging guild 1 (granivores) 
    

  richness     

 dry a ns ns ns ns 

  b ns ns ns − * 

 wet a ns ns ns ns 

  b ns ns ns ns 

  abundance     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns − * ns ns 

foraging guild 2 (hawkers/salliers, foliage-gleaners, trunk-gleaners)  

  richness     

 dry a − * ns ns + ** 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

  abundance     

 dry a ns ns ns + * 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

foraging guild 3 (nectarivores, nectarivore/foliage-gleaners)  

  richness     

 dry a − ** ns ns ns 

  b ns ns ns ns 

 wet a ns ns − * ns 

  b ns ns ns ns 
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Table 6.10. Continued. 

Bird variable GAMBA YEAR GRAZ FIRE 

foraging guild 3     

  abundance     

 dry a − ** ns ns ns 

  b ns ns + * ns 

 wet a ns − ** − * ns 

  b ns − ** ns ns 

foraging guild 4 (terrestrial insectovores, terrestrial omnivores)  

  richness     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns + * ns 

  abundance     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns − ** + ** ns 

foraging guild 5 (all others foraging modes) 

  richness     

 dry a ns ns ns + * 

  b ns ns ns ns 

 wet a ns ns − * ns 

  b ns − * ns ns 

  abundance     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns − ** − ** ns 

  b ns − ** ns ns 
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Figure 6.9. Species richness of all bird species and the five foraging guilds versus 

gamba grass cover. Foraging guilds are: 1 (granivores), 2 (hawkers/salliers, foliage-

gleaners, trunk-gleaners), 3 (nectarivores, nectarivores/foliage-gleaners), 4 

(terrestrial insectivores, terrestrial omnivores) and 5 (others: aquatic herbivores, 

aquatic herbivores/insectivores, arboreal omnivores, frugivores, raptors). Circles = 

first survey year; triangles = second survey year; Diamonds = dry season, squares = 

wet season; solid shapes = Paddock sites.
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Figure 6.10. Abundance of all bird species and the five foraging guilds versus gamba 

grass cover. Foraging guilds are: 1 (granivores), 2 (hawkers/salliers, foliage-gleaners, 

trunk-gleaners), 3 (nectarivores, nectarivores/foliage-gleaners), 4 (terrestrial 

insectivores, terrestrial omnivores) and 5 (others: aquatic herbivores, aquatic 

herbivores/insectivores, arboreal omnivores, frugivores, raptors). Circles = first 

survey year; triangles = second survey year; Diamonds = dry season, squares = wet 

season; solid shapes = Paddock sites. 
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Abundance was analysed for 29 individual bird species (Table 6.11). Dry season 

abundance of the golden-headed cisticola was positively associated with gamba grass 

cover (even with paddock sites excluded) and the species was not recorded at all on 

any sites where gamba grass was absent (Tables 6.9 and 6.11, Fig. 6.11). In contrast, 

four species (blue-face honeyeater, blue-winged kookaburra, rainbow lorikeet and 

sulpur-crested cockatoo) had a significant negative association with gamba grass 

cover but these trends were not statistically significant (at P < 0.01) once paddock 

sites were excluded (Table 6.11, Fig. 6.11). However, it was worth noting that the 

probability values for associations between the abundance of each of these species 

(except the blue-faced honeyeater) and gamba grass cover were relatively low (0.03–

0.20, see Table XI in Appendix II for details) and the pattern of lower abundance at 

higher levels of gamba grass cover was clearly evident in the scatter plots shown in 

Figure 6.11. Furthermore, for two of the most common species recorded, the blue-

faced honeyeater and rainbow lorikeet, counts on sites with little or no gamba grass 

cover were as much as four times higher than the highest counts recorded on sites 

with more than about 40% gamba grass cover (Fig. 6.11). 

There were no other statistically significant associations between bird species‟ 

abundance and gamba grass cover, but scatter plots produced for some of the more 

commonly occurring species (see Figs. AII.1 and AII.2 in Appendix II) showed that 

the abundance of nine species (forest kingfisher, mistletoebird, peaceful dove, pied 

butcherbird, striated pardalote, varied triller, weebill, whistling kite and white-

throated honeyeater) was lower at higher levels of gamba grass cover. For these 

species, on sites where gamba grass cover was about 35% or higher, counts were 

generally 50% lower than on those sites with less 10% gamba grass cover, and the 

highest counts were consistently on sites with little or no gamba grass cover. 

Abundance of the remaining five species shown in Figures AII.1 and AII.2 (bar-

shouldered dove, little friarbird, rainbow bee-eater, white-bellied cuckoo-shrike and 

yellow oriole) did not show any consistent pattern of association with gamba grass 

cover. 
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Table 6.11. Summarised Generalised Linear Modelling results of bird species 

abundance versus gamba grass cover, survey year, grazing and fire disturbance. 

Models used GAMBA, YEAR, GRAZ and FIRE as predictor variables and were 

constructed as described for reptiles (Table 6.4). GAMBA was arc-sine transformed 

and all abundance variables were log-10 transformed. Where results are presented for 

one season only, there were less than eight records for the species and therefore 

abundance was not analysed. Statistically significant coefficients (+ or −) are 

indicated by * for P<0.01 or ** for P<0.001 and non-significant results are indicated 

by „ns‟. Results for GLM done with and without Paddock sites are indicated by „a‟ 

and „b‟, respectively. Full details of model construction and the complete GLM 

results and are shown in Table XI, Appendix II. 

Bird variable GAMBA YEAR GRAZ FIRE 

bar-shouldered dove     

 Dry a ns ns ns ns 

  b ns ns ns ns 

 Wet a ns − ** − * ns 

  b ns − * ns ns 

black-faced cuckoo-shrike     

 Dry a ns ns ns ns 

  b ns ns ns ns 

blue-faced honeyeater     

 Dry a − * ns ns ns 

  b ns ns ns ns 

 wet a ns − ** ns ns 

  b ns − ** ns ns 

blue-winged kookaburra     

 dry a − ** ns ns ns 

  b ns ns ns ns 

 wet a ns − * ns ns 

  b ns − * ns ns 

brown honeyeater     

 dry a ns ns ns ns 

  b ns ns ns − * 

brush cuckoo     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

forest kingfisher     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

golden-headed cisiticola     

 dry a + ** ns ns ns 

  b + ** ns ns − * 

 wet a ns ns ns − * 

  b ns ns ns ns 
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Table 6.11. Continued. 

Bird variable GAMBA YEAR GRAZ FIRE 

grey-crowned babbler     

 wet a ns ns ns ns 

  b ns − * ns ns 

leaden flycatcher     

 dry a ns ns ns ns 

  b ns ns ns ns 

lemon-bellied flycatcher     

 dry a ns ns ns ns 

  b ns ns ns ns 

little corella     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

little friarbird     

 dry a ns ns ns ns 

  b ns ns + * ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

mistletoebird     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

peaceful dove     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

pied butcherbird     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

rainbow bee-eater     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

rainbow lorikeet     

 dry a − ** ns ns ns 

  b ns ns ns ns 

 wet a − * − ** − ** ns 

  b ns − ** ns ns 
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Table 6.11. Continued. 

Bird variable GAMBA YEAR GRAZ FIRE 

red-winged parrot     

 dry a ns + * ns ns 

  b ns + * ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

striated pardalote     

 dry a ns + * ns ns 

  b ns + * ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

sulphur-crested cockatoo     

 dry a − * ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns − * ns ns 

Torresian crow     

 wet a ns ns ns ns 

  b ns ns ns ns 

varied triller     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns − * ns 

  b ns ns ns ns 

weebill     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns + * ns 

whistling kite     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

white-bellied cuckoo-shrike     

 dry a ns ns ns + * 

  b ns ns ns ns 

 wet a ns ns ns ns 

  b ns ns ns ns 

white-throated honeyeater     

 dry a ns ns ns + * 

  b ns ns ns ns 

 wet a ns ns − * ns 

  b ns ns ns ns 
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Table 6.11. Continued. 

Bird variable GAMBA YEAR GRAZ FIRE 

willie wagtail     

 dry a ns ns ns − ** 

  b ns ns ns ns 

yellow oriole     

 dry a ns ns ns ns 

  b ns ns ns ns 

 wet a ns − * − * ns 

  b ns − * ns ns 
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Figure 6.11. Abundance of blue-faced honeyeater, blue-winged kookaburra, golden-

headed cisticola, rainbow lorikeet and sulphur-crested cockatoo versus gamba grass 

cover. Diamonds = dry season, squares = wet season; solid shapes = Paddock sites. 
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For the other disturbance factors analysed, there were a few (mixed) associations 

between bird richness and abundance variables and grazing and fire disturbance 

scores (Table 6.10 and 6.11). There was a weak positive association between wet 

season total bird abundance and grazing disturbance scores (including paddock sites), 

and between dry season species richness for all bird species combined and fire 

disturbance scores (excluding paddock sites) (Table 6.10, Fig. 6.12). Some 

significant associations were also found for individual bird species abundance but 

most were not statistically significant when paddocks sites were excluded (Table 

6.11). Interestingly, the species found to be positively associated with gamba grass 

cover (golden-headed cisticola) was negatively associated with fire disturbance 

scores when these were included in the GLM (Table 6.11). The temporal influence 

on abundance of individual species was generally similar to that already mentioned 

for total bird abundance, with counts of seven species being higher in the second wet 

season than the first, but for two other species the reverse pattern was found for dry 

season counts (Table 6.11). 

Bird species composition was not significantly influenced by season (R=0.04, 

P=0.05, average Bray-Curtis dissimilarity 73.7%) so further analyses used a species 

list combined from both seasons, for each site. The composition of bird communities 

on paddock sites was significantly different from the woodland sites, but within the 

woodland sites, the level of gamba grass cover had little influence on species 

composition (Table 6.12, Fig. 6.13). Follow-up analyses showed that there were 

generally similar sets of species contributing to among-site similarity and overall 

average similarity scores all between 50 to 54%, which indicated comparable levels 

of heterogeneity in bird composition across all woodland sites (Table 6.13). The 

strong distinction between paddock and woodland sites was the result of counts on 

paddock sites being dominated by a single species – golden-headed cisticola (Table 

6.13). Bird species composition within woodland sites (i.e. Paddock sites excluded) 

was also not significantly influenced by grazing or fire disturbance (|R| values for all 

pair-wise comparisons were <0.10) (Fig. 6.13). 
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Figure 6.12. Total bird abundance versus grazing disturbance score (top) and 

richness of all bird species versus fire disturbance score (bottom). Values are means 

± standard error; white bars = dry season, shaded bars = wet season. 
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Table 6.12. Summary of results from one-way ANOSIM comparing bird species 

composition between pairs of gamba grass levels. Species composition was not 

significantly influenced by season, therefore the analyses presented below are from 

one species list per site, compiled from records for both seasons combined. 

Comparisons showing evidence of distinction are indicated by * for 0.25 ≤ |R| <0.50 

or ** for |R| ≥ 0.50. Average Bray-Curtis dissimilarity (%) between pairs and the 

number of sites in each level are also shown. Global R=0.35*, P<0.01. 

 

Gamba grass 
level 

None 

(n=5) 

Low 

(n=4) 

Moderate 

(n=5) 

High 

(n=5) 

Paddock 

(n=5) 

None      

Low R=−0.21, 
P=0.90 
dissim.=43.1 

    

Moderate R=−0.24, 
P=0.98 
dissim.=43.9 

R=−0.31*, 
P=0.97 
dissim.=43.7 

   

High R=−0.01, 
P=0.43 
dissim.=50.4 

R=−0.10 
P=0.70 
dissim.=47.0 

R=0.19, 
P=0.07 
dissim.=74.2 

  

Paddock R=0.99**, 
P<0.01 
dissim.=98.6 

R=0.99**, 
P<0.01 
dissim.=97.1 

R=0.99**, 
P<0.01 
dissim.=96.4 

R=0.99**, 
P<0.01 
dissim.=93.4 
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Figure 6.13. Ordination plot of bird species composition for sites in each gamba 

grass (top), grazing disturbance (centre) and fire disturbance level (bottom). Points 

positioned more closely to each other have more similar bird communities. Paddock 

sites were excluded from ordinations of grazing and fire disturbance levels. 
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Table 6.13. Average among-site similarity and major bird species contributing to the 

composition of sites in each gamba grass level. The species listed collectively 

contributed up to 80% of the total average similarity among sites within each gamba 

grass level. Foraging codes (see section 6.2.4. for definitions) and the cumulative 

percentage contribution of each species to the total average Bray-Curtis similarity (in 

decreasing order of importance) are also presented. 

Gamba grass level Av. % similarity Bird species Cum. % 

None 51.3 white-bellied cuckoo shrike (L) 

mistletoebird (F) 

blue-winged kookaburra (TO) 

blue-faced honeyeater (NL) 

little friarbird (NL) 

rainbow lorikeet (N) 

pied butcherbird (TO) 

weebill (L) 

little corella (G) 

white-throated honeyeater (NL) 

varied triller (L) 

striated pardalote (L) 

sulphur-crested cockatoo (G) 

 

11.6 

23.1 

34.7 

42.0 

49.2 

56.0 

59.6 

63.3 

66.9 

70.4 

73.8 

77.1 

80.3 

Low 54.5 white-bellied cuckoo shrike (L) 

mistletoebird (F) 

white-throated honeyeater (NL) 

peaceful dove (G) 

rainbow lorikeet (N) 

varied triller (L) 

grey-crowned babbler (TI) 

weebill (L) 

blue-winged kookaburra (TO) 

blue-faced honeyeater (NL) 

 

10.9 

21.8 

32.7 

43.6 

54.5 

60.7 

65.9 

71.1 

76.4 

81.5 
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Table 6.13. Continued. 

Gamba grass level Av. % similarity Bird species Cum. % 

Moderate 51.3 blue-faced honeyeater (NL) 

white-throated honeyeater (NL) 

mistletoebird (F) 

rainbow lorikeet (N) 

blue-winged kookaburra (TO) 

white-bellied cuckoo shrike (L) 

red-winged parrot (G) 

little friarbird (NL) 

sulphur-crested cockatoo (G) 

rainbow bee-eater (HS) 

bar-shouldered dove (G) 

weebill (L) 

varied triller (L) 

peaceful dove (G) 

 

11.5 

23.1 

30.3 

37.4 

44.1 

50.4 

56.7 

60.5 

64.3 

67.8 

71.4 

74.9 

78.1 

81.4 

High 50.3 white-bellied cuckoo shrike (L) 

white-throated honeyeater (NL) 

rainbow lorikeet (N) 

willie wagtail (HS) 

blue-faced honeyeater (NL) 

mistletoebird (F) 

peaceful dove (G) 

bar-shouldered dove (G) 

yellow oriole (AO) 

varied triller (L) 

blue-winged kookaburra (TO) 

rainbow bee-eater (HS) 

striated pardalote (L) 

weebill (L) 

 

10.6 

21.1 

31.7 

38.2 

44.3 

50.4 

56.4 

62.5 

65.8 

69.1 

72.3 

75.5 

78.7 

81.8 

Paddock 57.7 golden-headed cisticola (TI) 93.8 
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In summary, substantial differences between woodland and paddock sites were 

evident in most of the analyses of savanna bird communities, but there were few 

statistically significant results in relation to gamba grass cover within woodland sites 

alone. Nevertheless, some important points were worth noting. Even though GLM 

did not detect any statistically significant trends when paddock sites were excluded 

from analyses, negative associations with gamba grass cover were apparent for bird 

species richness (all species and most foraging guilds) and for abundance of 4 of the 

29 species recorded frequently enough to analyse by GLM (and for 9 of the further 

14 species assessed graphically). One species only showed a clear positive 

association with gamba grass cover. 

6.3.5. Invertebrates 

A total of 1687 invertebrates from 68 species or orders (26 ant, 34 beetle and 8 other 

orders) were recorded during the study (Table 6.14). There were no significant 

patterns of frequency of occurrence between any invertebrate taxa and the presence 

or absence of gamba grass, although three ant species (Iridomyrmex sp. C [gracilis 

gp.], Meranoplus ajax and Polyrhachis Kak. Sp. 3), were recorded only on sites 

without gamba grass. Conversely, five beetle species (Carenum L, Gnathopanus P, 

Liparochrus D, Pterohelaeus E and Tachys E), a grasshopper and a scorpion species 

were found only on paddock sites (Table 6.14). Incidentally, on one site with 

moderate gamba grass cover, remains of gamba grass seeds were found in middens 

surrounding the nests of an unidentified species of harvester ant. 

There were no statistically significant associations between invertebrate richness 

(ant, beetle and total) and gamba grass cover (all P<0.01, Table XII in Appendix II), 

and the scatterplots also showed obvious patterns (Fig. 6.14). For grazing and fire 

disturbance scores there were also no significant associations with invertebrate 

richness (at P 0.01), but ant species richness appeared to be positively (but weakly) 

associated with fire disturbance scores (P <0.05, Table XII in Appendix II, Fig 6.14). 

On sites with fire disturbance scores of „3‟, ant richness was notably higher than on 

sites with lower scores (Fig. 6.14). 
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Table 6.14. Records of all invertebrate species from one dry season survey of sites in 

each gamba grass level. Values are the percentage of sites a species was recorded on. 

Mean species richness per site, cumulative richness, and the total number of sites in 

each gamba grass level (n) are also provided. Results of Fishers tests for association 

between the frequency of occurrence of individual species and the presence or 

absence of gamba grass were non-signficant (i.e. P≥0.01) in all cases. 

Species Family/Order Gamba grass level 

  None 

n = 4 

Low 

n = 4 

Mod. 

n = 4 

High 

n = 5 

Paddock 

n = 4 

Ants       

 Bothroponera sp. 4 

(sublaevis gp.) 

Ponerinae 25 0 25 20 0 

 Camponotus fieldae Formicinae 0 25 25 40 0 

 Camponotus Kak. sp. 11 

(novaehollandiae gp.) 

Formicinae 0 0 25 0 0 

 Camponotus Kak. sp. 13 

(novaehollandiae gp.)  

Formicinae 0 25 0 0 0 

 Camponotus Kak.sp. 7 

(subnitidus gp.) 

Formicinae 0 25 0 0 0 

 Iridomyrmex rufoinclinus* Dolichoderinae 75 0 0 20 25 

 Iridomyrmex sanguineus Dolichoderinae 25 0 50 80 50 

 Iridomyrmex sp. C 

(gracilis gp.) 

Dolichoderinae 25 0 0 0 0 

 Leptogenys sp. 2 (clarki 

gp.) 

Ponerinae 0 0 0 20 0 

 Leptogenys sp. nr. 

conigera 

Ponerinae 0 0 0 20 0 

 Melophorus sp. 1 

(aeneovirens gp.) 

Formicinae 50 50 50 20 0 

 Meranoplus ?unicolor Myrmicinae 50 0 25 0 0 

 Meranoplus ajax* Myrmicinae 50 0 0 0 0 

 Odontomachus sp. nr. 

turneri 

Ponerinae 75 100 75 100 25 

 Oecophylla smaragdina Formicinae 25 25 25 60 0 

 Opisthopsis haddoni Formicinae 50 25 50 60 0 

 Polyrhachis crawleyi Formicinae 0 0 25 0 25 

 Polyrhachis incospicuo Formicinae 25 25 50 40 0 

 Polyrhachis Kak. sp. 3 Formicinae 25 0 0 0 0 

 Polyrhachis schenkii Formicinae 0 50 0 40 0 

 Polyrhachis senilis Formicinae 25 50 0 20 0 

 Polyrhachis sp. nr. obtusa Formicinae 25 0 50 20 0 

 Rhytidoponera aurata Ponerinae 25 25 25 80 25 

 Rhytidoponera foreli Ponerinae 0 25 25 0 0 

 Rhytidoponera sp. 5 

(reticulata gp.) 

Ponerinae 25 0 75 80 50 

 Rhytidoponera sp. 8 

(tenuis gp.) 

Ponerinae 25 50 0 40 0 
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Table 6.14. Continued. 

Species Family/Order Gamba grass level 

  None 

n = 4 

Low 

n = 4 

Mod. 

n = 4 

High 

n = 5 

Paddock 

n = 4 

beetles       

 Adelognatha B50 V Curculionoidae 50 0 25 0 0 

 Agrypnus C Elateridae 50 25 75 60 0 

 Caedius A Tenebrionidae 0 75 50 60 0 

 Captocarpus A Carabidae 0 0 25 0 0 

 Carenum C Carabidae 0 25 0 0 25 

 Carenum K Carabidae 25 50 25 0 25 

 Carenum L Carabidae 0 0 0 0 25 

 Cryptorhynchinae  Curculionoidae 25 0 0 20 0 

 Diplocotes A Bostrichoidae 0 50 25 80 0 

 dysticidae sp. Dytiscidae 0 0 25 0 0 

 Ectyche A Tenebrionidae 0 25 50 20 0 

 Gnathopanus A Carabidae 25 25 0 0 50 

 Gnathopanus AA Carabidae 0 25 0 0 50 

 Gnathopanus P Carabidae 0 0 0 0 25 

 Gonocephalum B Tenebrionidae 0 0 0 20 50 

 Heteronyx E Scarabaeidae 0 25 0 0 0 

 Heteronyx I Scarabaeidae 0 0 25 0 0 

 Heteronyx R Scarabaeidae 0 0 25 0 0 

 Laccopterum A Carabidae 25 75 25 0 0 

 Laccopterum B Carabidae 0 0 50 0 0 

 Liparochrus D Scarabaeidae 0 0 0 0 25 

 Monocentrum A Carabidae 0 25 0 0 0 

 Notiobia C Carabidae 0 25 0 40 50 

 Pheropsophus A Carabidae 0 25 0 20 0 

 Phorticosomus D Carabidae 0 75 50 20 25 

 Phorticosomus P Carabidae 0 25 0 0 25 

 Phyllocharis AE Chrysomeloidae 0 25 0 0 0 

 Polyplocotes H Bostrichoidae 25 0 0 20 0 

 Pterohelaeus C Tenebrionidae 0 25 0 0 0 

 Pterohelaeus E Tenebrionidae 0 0 0 0 25 

 Rhytisternus C Carabidae 0 0 0 20 25 

 Scarophites A Carabidae 25 0 25 0 0 

 Tachys E Carabidae 0 0 0 0 25 

 beetle sp. Carabidae 0 25 0 0 0 
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Table 6.14. Continued. 

Species Family/Order Gamba grass level 

  None 

n = 4 

Low 

n = 4 

Mod. 

n = 4 

High 

n = 5 

Paddock 

n = 4 

other invertebrates       

 cockroach sp. Blattodea 0 0 0 60 25 

 grasshopper sp. Orthoptera 0 0 0 0 25 

 bug sp. Hemiptera 0 0 0 20 0 

 mantis sp. Mantodea 0 0 0 40 0 

 scorpion sp. Scorpionida 0 0 0 0 25 

 spider sp. Araneida 75 100 75 100 100 

 springtail collembola 0 0 0 20 25 

 tick sp. Acarina 25 0 25 0 50 

 wasp sp. Hymenoptera 25 75 0 0 50 

Mean species richness      

 ants 7.1 5.4 6.0 8.4 3.6 

 beetles 3.0 7.2 5.4 4.1 4.8 

 total invertebrates 11.8 14.5 13.8 15.0 12.1 

Cumulative number of invertebrate species 28 33 34 33 27 
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Figure 6.14. Species richness of ants, beetles, and all invertebrates versus gamba 

grass cover and ant richness versus fire disturbance score (bottom right). Scatter plots 

are raw values; bar chart shows means ± standard error. Solid shapes on scatter plots 

= Paddock sites. 
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The species composition of ants on woodland sites with high gamba grass cover and 

paddock sites was found to be significantly different from the composition on other 

woodland sites with zero to moderate gamba grass cover (Table 6.15, Fig. 6.15). Ant 

community composition (Paddock sites excluded) was not significantly associated 

with grazing or fire disturbance (|R| values for all pair-wise comparisons were <0.20) 

(Fig. 6.15). 

For community composition of other invertebrates (beetles and other taxa combined), 

there were some significant distinctions among gamba grass cover levels. However 

the trend did not suggest a consistent association with gamba grass cover (i.e. 

composition differed between woodland sites with zero and high gamba grass cover, 

but paddock sites were not distinct from woodland sites without gamba grass; Table 

6.16, Fig 6.16). Invertebrate composition also differed between woodland sites with 

minimal and low grazing disturbance (R=0.26, P<0.01, Average Bray-Curtis 

dissimilarity 69.3%) but no significant compositional differences were detected 

among fire disturbance levels (|R| values for all pair-wise comparisons were <0.20) 

(Fig. 6.16). 

In summary, few statistically significant associations were found between gamba 

grass cover and invertebrate richness, abundance and species composition, although 

the species accumulation curves provided some evidence that ant richness may be 

lower on paddock sites than on woodland sites. There was also an indication that ant 

species richness was negatively associated with grazing disturbance but positively 

associated with fire disturbance. 
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Table 6.15. Summary of results from one-way ANOSIM comparing dry season ant 

species composition between pairs of gamba grass levels. Comparisons showing 

evidence of distinction are indicated by * for 0.25 ≤ |R| <0.50 or ** for |R| ≥ 0.50. 

Average Bray-Curtis dissimilarity (%) between pairs and the number of sites in each 

level are also shown. Global R=0.09, P=0.09. 

 

Gamba grass 

level 

None 

(n=4) 

Low 

(n=8) 

Moderate 

(n=6) 

High 

(n=8) 

Paddock 

(n=8) 

None      

Low R=−0.11, 

P=0.86 

dissim.=42.7 

    

Moderate R=−0.10, 

P=0.86 

dissim.=33.8 

R=−0.07, 

P=0.86 

dissim.=51.0 

   

High R=0.32*, 

P=0.04 

dissim.=80.7 

R=0.13 

P=0.08 

dissim.=74.4 

R=0.19, 

P=0.07 

dissim.=74.2 

  

Paddock R=0.32*, 

P=0.06 

dissim.=77.1 

R=0.12, 

P=0.08 

dissim.=72.8 

R=0.20, 

P=0.11 

dissim.=71.1 

R=−0.12, 

P=1.00 

dissim.=59.5 
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Figure 6.15. Ordination plot of ant species composition for sites in each gamba grass 

(top), grazing disturbance (centre) and fire disturbance level (bottom). Points 

positioned more closely to each other have more similar ant communities. Paddock 

sites were excluded from ordinations of grazing and fire disturbance levels. 

ant comp matrix
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Low
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Table 6.16. Summary of results from one-way ANOSIM comparing dry season 

beetle and other invertebrate species composition (i.e. excluding ants) between pairs 

of gamba grass levels. Comparisons showing evidence of distinction are indicated by 

* for 0.25 ≤ |R| <0.50 or ** for |R| ≥ 0.50. Average Bray-Curtis dissimilarity (%) 

between pairs and the number of sites in each level are also shown. Global R=0.23, 

P<0.01. 

 

Gamba grass 

level 

None 

(n=4) 

Low 

(n=4) 

Moderate 

(n=4) 

High 

(n=5) 

Paddock 

(n=4) 

None      

Low R=0.22, 

P=0.09 

dissim.=73.9 

    

Moderate R=0.07, 

P=0.37 

dissim.=68.9 

R=−0.03, 

P=0.54 

dissim.=56.6 

   

High R=0.44*, 

P=0.02 

dissim.=76.2 

R=0.33* 

P=0.07 

dissim.=63.6 

R=0.21, 

P=0.13 

dissim.=63.6 

  

Paddock R=0.04, 

P=0.37 

dissim.=74.8 

R=0.23, 

P=0.20 

dissim.=68.6 

R=0.34*, 

P=0.09 

dissim.=73.9 

R=0.50**, 

P=0.02 

dissim.=73.7 
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Figure 6.16. Ordination plot of beetle and other invertebrate species composition for 

sites in each gamba grass (top), grazing disturbance (centre) and fire disturbance 

level (bottom). Points positioned more closely to each other have more similar 

invertebrate communities. Paddock sites were excluded from ordinations of grazing 

and fire disturbance levels. 
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6.3.6. Summary of results 

In total 11 184 individuals from 137 vertebrate species, and 1687 individuals from 68 

invertebrate taxa were recorded during surveys of savanna woodland and paddock 

sites. For the vertebrate fauna, there was some strong evidence of negative 

associations between gamba grass cover and the richness and abundance of reptiles. 

For bird communities, the most pronounced differences were between paddock and 

woodland sites. However, even with paddock sites excluded from analyses, richness 

and abundance for birds and reptiles still generally declined as gamba grass cover 

increased. For frogs, ants and other invertebrates, there were few indications of a 

consistent negative association with gamba grass cover. For mammals (mainly 

rodents), there appeared to be some positive associations with gamba grass. 

In order to evaluate the influence of gamba grass cover on savanna fauna relative to 

the other main disturbance factors present (i.e. grazing and fire), a comparison of 

mean species richness of each group (woodland sites only) from sites in the „least‟ 

and „most‟ disturbed areas was made (see Table 6.17). From this simple assessment, 

it appears as though gamba grass and grazing disturbance may exert a similar, 

negative influence on frog richness (richness reduced by 38 and 45%, respectively on 

most versus least disturbed sites) but for reptiles, the effect from gamba was notably 

worse than that of grazing or fire (40% fewer species, high gamba grass cover versus 

zero cover). For mammals, richness on sites with high gamba grass cover was about 

twice the mean number of species on sites with no gamba grass at all and therefore a 

positive influence, whereas grazing disturbance had little effect and fire disturbance 

was negative. Overall for birds, ants and other invertebrates, gamba grass cover 

appeared to have a positive influence on species richness and this was of a similar 

magnitude to the influence of grazing or fire disturbance. However, a simplistic 

comparison of species richness such as this one does not take into account variations 

in individual species abundance or community composition, and it was clear from the 

more detailed analyses performed that there may also be some negative association 

with gamba grass cover (particularly for some bird species). 
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Table 6.17. Comparison of mean species richness of all animal groups for savanna 

woodland sites least and most disturbed by gamba grass, grazing and fire. The 

percentage change in species richness (from least to most disturbed) is also shown. 

Data were from both survey years and seasons and Paddock sites were excluded. 

„Least‟ disturbed sites were defined as those with no gamba grass (i.e. gamba grass 

level „None‟), and minimal grazing (scores <1.0) and fire (scores ≤1). „Most‟ 

disturbed sites were defined as sites with high gamba grass cover (i.e. gamba grass 

level „High‟), and moderate grazing (scores ≥ 2.5) and fire disturbance (scores ≥3). 

Faunal Group Disturbance 

factor 

Mean species 

richness for 

least disturbed 

sites  

Mean species 

richness for 

most disturbed 

sites 

Percentage 

change in 

species richness 

Frogs Gamba grass 2.1 1.3 −38 

 Grazing 2.0 1.1 −45 

 Fire 2.6 0.8 −69 

Reptiles Gamba grass 8.2 4.9 −40 

 Grazing 7.4 5.3 −28 

 Fire 6.3 8.0 +27 

Mammals Gamba grass 0.8 1.7 +113 

 Grazing 1.1 1.1 ~0 

 Fire 1.6 0.7 −56 

Birds Gamba grass 11.2 16.0 +43 

 Grazing 14.3 17.3 +21 

 Fire 13.8 15.4 +12 

     

Ants Gamba grass 7.3 8.4 +15 

 Grazing 5.7 7.2 +26 

 Fire 5.9 8.3 +41 

Beetles Gamba grass 3.0 4.2 +40 

 Grazing 6.0 4.2 −30 

 Fire 5.7 3.8 −33 
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6.4. Discussion 

The main effects from this section of the study are (i) a marked decline in reptile 

species richness (and abundance of many common lizard species); (ii) very few 

statistically significant responses by birds, frogs or ground-dwelling invertebrates 

(although some non-significant declines in bird richness and abundance; and a 

positive association with one bird and one frog species were observed); and (iii) 

higher richness and abundance of mammals (namely rodents), in association with the 

extent of gamba grass cover in savanna woodland areas. There were generally 

profound differences between woodland and paddock sites, with richness and 

abundance of most faunal groups and individual species (except small mammals, one 

frog and one bird species) substantially lower in paddock sites. The results presented 

earlier in the thesis (Chapter 4) regarding the effects of gamba grass on vegetation 

and habitat characteristics are revisited in the discussion below, to aid the 

interpretation of trends observed for each faunal group. Possible underlying 

mechanisms of change, including interactions between gamba grass invasion and the 

other main disturbance factors (grazing and fire), and the wider conservation 

implications of the study are also discussed. 

6.4.1. Reptiles, frogs and mammals 

Reptiles were the faunal group found to have the strongest and most consistent 

negative associations with gamba grass cover. More than half the species recorded 

were small ground-dwelling lizards that are not known to have close associations 

with particular understorey vegetation types, although several species are noted to 

prefer microclimates with deep leaf litter (Horner 1991). These results are consistent 

with findings of other investigators who found that densities of reptile species were 

negatively correlated with weed density (Hadden and Westbrooke 1996; Smith et al. 

1996; Jellinek et al. 2004). The observed declines in lizard richness and abundance 

are therefore more likely to be linked to changes in habitat quality or food resources, 

rather than directly related to the loss of native plant cover and diversity which was 

also found to be associated with increased gamba grass cover (see Chapter 4). 
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Changes to the vegetation structure and litter layer may have resulted in poorer 

habitat quality for many small reptiles, and indeed strong correlations between reptile 

abundance and litter depth have been reported in other Australian studies (Smith et 

al. 1996; and Brown 2001). The findings of Chapter 4 showed that, as gamba grass 

cover increased, total plant cover in the understorey and the relative cover of gamba 

grass litter increased, whereas the relative cover of most native plant forms and all 

native litter types (i.e. annual and perennial grasses, leaf litter, coarse woody litter) 

decreased.  These changes may equate to reduced habitat quality for small lizards in 

a few ways. Firstly, increased total plant cover produces more extensive shading 

which would be detrimental for sun-loving lizard species (e.g. the skink, 

Cryptoblepharus plagiocephalus, and dragon, Diporiphora bilineata) that require 

access to basking sites as well as refugia from heat and predators. Increased shading 

may also alter the ground-level microclimate with conditions presumably cooler and 

more humid beneath dense gamba grass cover in comparison to areas with a more 

patchy understorey of native plant species. Valentine et al. (2007) compared 

woodland sites with a native understorey to those invaded by rubber vine 

(Cryptostegia grandiflora) and found that ground-level temperatures were cooler 

(and outside the preferred body temperature range of most common skinks, Carlia 

spp.) on sites where rubber vine dominated the understorey, and that lizard species 

richness and abundance was also lower on the invaded sites (Valentine 2006). 

While many reptile species may avoid areas with increased shading and a cooler 

microclimate, these characteristics and the increased protection from predators 

afforded by dense gamba grass, may explain the positive associations recorded for 

small mammal richness and abundance, and the abundance of one frog species 

(Limnodynastes convexiusculus). The relatively high abundance of rodents and other 

small mammals on gamba grass paddock sites was probably also related to fire and 

grazing management, with stocking rates generally low and fire actively excluded in 

these areas; fire and grazing are discussed in detail in section 6.4.3., below. For frogs 

and mammals, environmental factors strongly influenced by seasonality, such as the 

timing and amount of wet season rains, access to water (for breeding) and food 

resources, were also likely to have influenced patterns of richness and abundance (as 
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demonstrated in this study by significant differences between survey years and/or 

seasons, in some cases). 

Lastly, invertebrates, which are an important food source for many small vertebrates, 

may also have been influenced by the conversion of native understorey vegetation to 

dense gamba grass. Hence impacts on invertebrate diversity and abundance 

associated with gamba grass invasion may indirectly lead to changes in reptile, frog 

and small mammal communities. The very basic assessment of invertebrates done 

during this study did not find any associations between species richness and gamba 

grass cover, but trends in abundance were not tested and non-ground dwelling 

species (e.g. flying insects and species within the vegetation layers) were not 

sampled. Another study by Ryan (2005) also reported no substantial differences in 

ant richness and composition between sites with gamba grass versus native grasses. It 

is possible that a similar range of (ground) invertebrate prey was present, but the 

quantity and/or accessibility may have been affected by the level of gamba grass 

present, with dense cover impeding the hunting and foraging activities of small 

vertebrates. 

6.4.2. Birds 

Birds are generally more closely associated with the structure and composition of 

woody vegetation (i.e. the mid to upper layers) than the other faunal groups included 

in this study. Therefore the clear distinction in bird richness and abundance between 

paddock and woodland sites was not unexpected and similar patterns have been 

reported in other Australian studies assessing the impacts of clearing (e.g. Green and 

Catterall 1998; Hannah et al. 2007). Within the woodland sites, associations between 

bird community characteristics and the level of gamba grass cover were more subtle, 

with few statistically significant trends observed. Nevertheless, about 30% of the bird 

species recorded frequently enough to analyse by GLM or assess graphically showed 

a decline in abundance associated with gamba grass cover, whereas one species only 

(golden-headed cisticola) was more abundant in areas of high-cover gamba grass. 

Few studies have investigated the impacts of exotic understorey grasses on woodland 

bird fauna making comparisons with similar research difficult. However mixed 

trends have previously been reported by Hannah et al. (2007), for the responses of 



Chapter 6. Effects of gamba grass on savanna fauna 

307 

birds to buffel grass (Cenchrus ciliaris) cover in woodlands of central Queensland, 

and by French and Zubovic (1997) who examined the impact of bitou bush 

(Chrysanthemoides monilifera) invasion in coastal dune vegetation in south-eastern 

Australia. Conversely, Griffin et al. (1989) found a clear trend of reduced overall 

bird abundance and diversity in association with Tamarix aphylla invasion in arid-

zone riparian woodlands. 

In the current study, the weak negative associations between some bird species and 

gamba grass cover may be related to the minor changes in the woody vegetation 

layers reported in Chapter 4. To recapitulate, the relative abundance (basal area) of 

three common tree species (Erythrophleum chlorostachys, Eucalyptus miniata and 

Eucalyptus tetrodonta) and shrub species richness was lower on woodland sites with 

dense gamba grass cover. These subtle changes in woody plant community 

composition may have reduced the variety and amount of nectar available, which 

may have resulted in lower abundance of some nectar-eating bird species on dense 

gamba grass sites. Furthermore, as discussed above for reptiles, variations in the mid 

to upper vegetation layers combined with the substantial changes in ground-level 

vegetation (and litter) associated with gamba grass invasion may have influenced 

bird richness and abundance through changes to insect communities (i.e. reduced 

quantity or variety of insect food resources), or by inhibiting the foraging efforts of 

insectivorous species (i.e. reduced access to insect food). Therefore, as the supply of 

insects and nectar is the main factor underlying the structure of avian communities in 

savanna woodlands and forests (Morton and Brennan 1991), even minor changes to 

the vegetation that may influence the availability of nectar and insects could 

potentially affect the species richness and abundance of many savanna birds. 

Despite there being no clear trends in the richness or abundance of granivores (bird 

foraging guild 1) in relation to gamba grass cover in my study, superficially it may 

seem as though the spread of gamba grass could benefit some granivorous birds (or 

other seed-eating animals), at least in the short term, through an increase in the 

supply of seed. The palatability of gamba grass seed is unknown although one 

species, the chestnut-breasted manikin, was observed feeding on the seeds, and this 

bird species has also been recorded as consuming seeds from other weed species 
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elsewhere in Australia (Loyn and French 1991). Gamba grass has very high seed 

production (averaging 70 000 seeds per m
2
; Flores et al. 2005), with flowering 

usually occurring in the late wet season followed by seeding from the early dry 

season onwards (Barrow 1995). The timing of gamba grass seed production 

coincides with the time when high densities of native annual grass seed are also 

present (Dostine et al. 2001; Crowley and Garnett 1999) and therefore the total 

quantity of seed available to granivorous birds may be higher in dense gamba grass 

areas. However, seed numbers decline as the dry season progresses because of 

destruction by fire, burial (and germination), harvesting by ants and consumption by 

other animals (Andrew and Mott 1983; Andersen et al. 2000; Woinarski and 

Tidemann 1991). Consequently the supply of seed may be very low or exhausted at 

the onset of the wet season and granivorous birds, such as the Gouldian finch 

(Erythrura gouldiae), may experience a period of food shortage until various native 

perennial grasses (e.g. Alloteropsis semialata, Chrysopogon fallax and Heteropogon 

triticeus) start to produce seed in the early to mid wet season (Dostine et al. 2001). 

Hence, granivorous birds require access to a range of grass species in order to have 

sufficient seed food resources available throughout the year. The species richness of 

native annual and perennial grasses declined substantially in association with the 

level of gamba grass cover (see Chapter 4), and therefore the widespread conversion 

of savanna woodland understoreys comprised of a diverse range of native grasses 

and herbs, to a ground-layer of dense, monospecific gamba grass cover would 

undoubtedly have a net negative effect on the year-round availability of seed for 

most granivorous bird species. 

Overall, bird communities in monsoonal Australia are highly dynamic, largely 

because of seasonal influences on food resources and their local or regional 

movements in response to flowering, fruiting and seeding events (Morton and 

Brennan 1991; Woinarski and Tidemann 1991). As a result, the detection of clear 

trends in relation to gamba grass invasion (or indeed any disturbance factor) in such 

a „noisy‟ system can be difficult and may only be possible with a very substantial 

monitoring effort (Woinarski et al. 2004). Nevertheless, the patterns of decline in 

bird richness and abundance associated with increasing levels of gamba grass cover 

observed during this study may have been statistically weak, but were ecologically 
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important because of their consistency (i.e. several species appeared to decline). This 

study provides some evidence that, in the Mary River region, gamba grass appears to 

be altering certain aspects of the savanna woodland habitat to be less favourable for 

many bird species, while just one species (the golden-headed cisticola) appears to 

have benefited from gamba grass invasion. 

6.4.3. Fire and grazing 

The different animal groups sampled in this study were found to have mixed 

associations with grazing and fire disturbance scores and similarly variable responses 

to these disturbance factors have been reported by other authors (e.g. Woinarski 

1990; Trainor and Woinarski 1994; Andersen et al. 2005; Hannah et al. 2007). One 

notable trend was the positive association between dragon and gecko richness and 

abundance, and fire disturbance scores. These reptile species may have benefited 

from fires which reduced the biomass of dense gamba grass (and its litter) and 

therefore „opened‟ up the habitat at the ground level, allowing improved access for 

the foraging and hunting of invertebrate prey. By reducing gamba grass biomass, and 

hence increasing insolation at the ground surface, fires enhanced habitat conditions 

for ants (Andersen and Müller 2000) and this may explained why ant richness was 

also (weakly) positively associated with fire in my study. Species richness of the 

other invertebrate groups I assessed did not show any clear associations with fire, but 

Andersen and Müller (2000) reported that several taxa (including spiders, 

homopterans, silverfish and caterpillars) declined under hot, late dry season fires, 

possibly in response to a complete loss of litter. 

For birds, there were few significant associations with grazing and fire disturbance 

and no clear trend was evident particularly when paddock sites were excluded from 

analyses. Other studies (e.g. Woinarski 1990) have reported that many granivorous 

species show a preference for recently burnt areas because seed is more readily 

accessible after fires. Woinarski (1990) also noted, however, that hot fires may 

destroy seed and reduce the seed banks in the soil, therefore granivores would benefit 

most from cooler, early dry season fires that leave the seed intact. Nevertheless, early 

fires in woodland with dense gamba grass are typically as hot and destructive as late 

season fires in savannas with native grass understoreys (Rossiter et al. 2003). In my 
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study, the sites with the highest fire disturbance scores may have had improved 

ground-level access but depleted seed banks after fires, so this may explain why 

granivorous birds (foraging guild 1) were found to be negatively associated with fire. 

Mammal richness and abundance was negatively associated with fire in my study. 

However, responses of mammals in the Mary River region to fire, grazing and other 

disturbance factors (including gamba grass) are likely to be complex and may be 

difficult to disentangle from responses to fluctuations in rainfall, as Woinarski et al. 

(2001b) concluded in their assessment of changes in mammal populations in nearby 

Kakadu National Park. Other studies have reported high small mammal densities 

associated with unburnt savanna habitats (Andersen et al. 2005) and that frequent, 

hot fires appear to be particularly detrimental for arboreal species (e.g. black-footed 

tree-rat and northern brushtail possum) (Friend 1987; Kerle 1998) because these fire 

regimes reduce the abundance of mid-storey trees and shrubs, large hollows, fallen 

logs and litter (Bowman and Panton 1995; Williams et al. 2002). It has also been 

suggested that ground-active species such as rodents may benefit from very early dry 

season (i.e. low intensity) fires (Braithwaite 1995). 

There has been insufficient wildlife monitoring in the savanna lowlands of the Mary 

River region to be able to reliably detect any long term trends in the mammal fauna. 

However, research in the Kakadu region and elsewhere across northern Australia has 

found declines in small mammal populations since the mid 1980s (Woinarski et al. 

2001b; Price et al. 2005). It has been suggested that these declines are most likely 

related to “…environmental changes coinciding with the widespread and continuing 

loss of traditional aboriginal land management practices and its replacement with 

pastoral land management…” (Woinarski et al. 2001b; p 368). Similarly in the Mary 

River catchment, fire, grazing and other pastoral activities including the sowing (and 

subsequent spread onto non-pastoral land) of exotic pasture plants are probably 

having a compound effect on local mammal populations and therefore the „true‟ 

impact of any one of these disturbance factors may be indiscernible without 

experimental research. 
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6.4.4. Implications and conclusions 

In conclusion, results from this study represent the first insight into possible impacts 

of gamba grass invasion on savanna woodland fauna in the Mary River catchment. 

There were variable associations (in both direction and strength of trends) between 

gamba grass cover and the richness and abundance of the different faunal groups 

assessed in this study. However, it was clear that at least one group (reptiles i.e. 

mainly lizard species) had a strong negative association and hence many reptile 

species appear to be disadvantaged by gamba grass. Among those species that 

declined with increasing gamba grass cover was the only threatened species recorded 

during the study – the yellow-snouted gecko (Diplodactylus occultus), which has a 

conservation status of „Vulnerable‟, under the Territory Parks and Wildlife 

Conservation Amendment Act 2000. In addition to reptiles, several bird species 

showed evidence (albeit statistically weak) of declining abundance in areas of dense 

gamba grass cover. With the exception of small mammals, very few species showed 

evidence that the replacement of native ground-layer vegetation with dense gamba 

grass would be beneficial. From a conservation perspective, the trends observed for 

reptiles alone are cause for concern that the existence and spread of gamba grass in 

the Mary River region poses a threat to biodiversity. 

From a land management perspective, other studies in Australian tropical savannas 

have advocated the maintenance of fine-scale heterogeneity in the landscape in order 

to preserve biodiversity (e.g. Dostine et al. 2001; Woinarski et al. 2001b; Woinarski 

et al. 2005). Heterogeneity in ground-layer vegetation will be diminished if gamba 

grass cover becomes denser in areas where it already occurs, and large areas across 

the northern savannas may be affected if the spread of gamba grass continues as it 

has to date. Furthermore, attempts to carry out burning practices that have a 

„heterogenous impact‟ on the landscape (i.e. a range of early, late, frequently burnt 

and long unburnt areas) may fail because fires in woodlands with a dense gamba 

grass understorey are of a consistently high intensity, regardless of how early in the 

dry season they occur (Rossiter et al. 2003). While savanna fauna have been shown 

to be quite resilient to fire (e.g. Kapalga fire experiment – see Andersen et al. 2005), 

a shift towards frequent, hot and destructive fires that occur widely across the 
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savanna woodlands of the Mary River catchment, is likely to exacerbate any adverse 

effects of gamba grass invasion on the region‟s biodiversity. 

Exotic grasses have the potential to initiate a grass-fire cycle through changes to fire 

regimes (D‟Antonio and Vitousek 1992; Rossiter et al. 2003). A recent study close to 

the Mary River region (in the Adelaide River catchment) has provided the first 

evidence that this may be the case with gamba grass, as marked reductions in canopy 

cover were found in an area densely infested with gamba grass (Ferdinands et al. 

2006). Ultimately, the more destructive fire regime associated with gamba grass may 

damage woody plant populations so severely that all that remains is a gamba 

grassland devoid of trees and shrubs. The comparisons between woodland and 

gamba grass paddock sites made during my study provide an insight into the possible 

consequences for faunal biodiversity, if savanna woodlands are driven to become 

gamba grasslands by a grass-fire cycle. The diversity of reptiles and birds was 

substantially lower in paddock sites than in woodland sites. Another important 

finding was that reptile species composition was very similar between paddock and 

woodland sites with dense gamba grass. In other words, the results suggest that, for 

reptiles, the conservation value of savanna woodlands with a dense gamba grass 

understorey has already diminished to the level of a cleared paddock sown with 

gamba grass. 

However, results of this study must be interpreted with caution, particularly because 

seasonality and other fire and other disturbance factors may have influenced savanna 

biota and masked some trends. Gamba grass invasion is a relatively new disturbance, 

being present in most areas for less than 15 years, and it has added to the impacts that 

have undoubtedly arisen from past and present pastoral activities occurring across 

much of the study area (including sites where gamba grass was absent). It is possible 

that the most disturbance-sensitive species have already disappeared from the system 

and therefore what remained and was sampled was a „relatively resilient residue‟ 

(Hannah et al. 2007). Furthermore, the selection of an appropriate scale of 

observation (i.e. quadrat size, for plot-based surveys) has long been acknowledged as 

an intrinsic problem for broad-scale wildlife monitoring (Noss 1990; Stork and 

Samways 1995; Whitehead et al. 2001). Therefore despite the use of fauna survey 
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methods regarded as standard for the region, I acknowledge that the scale (i.e. 50m 

by 50m plots) and sampling protocols may have influenced the results to some 

extent. All of these issues, combined with the natural instability of vertebrate 

populations in northern Australia (Woinarksi et al. 2004) and the absence of baseline 

data for the region, could make it difficult to detect clear trends, not only in the 

current study, but for any on-going monitoring of gamba grass impacts. 

The key management implication of the findings presented in this chapter is that 

urgent action is required to control the spread, and where possible, reduce the density 

or remove gamba grass from non-pastoral lands in the Mary River catchment. Gamba 

grass cover was negatively associated with the diversity of many reptiles and other 

animal species. Therefore its persistence in the Mary River region is at odds with the 

conservation plan‟s goal of maintaining biodiversity. Specific methods of control and 

removal are discussed later in the thesis, but the current patterns of gamba grass 

spread from pastoral properties onto neighbouring conservation reserves (Armstrong 

et al. 2002) suggests that the improved management of boundaries should be a high 

priority. Fortunately, the relatively short longevity of gamba grass seed banks (Flores 

et al. 2005) may mean that control efforts have the potential to be highly successful 

if undertaken properly. From a monitoring perspective, if the catchment management 

objectives include the on-going assessment of gamba grass impacts on fauna, then 

repeat sampling using similar methods to those used in this study may be necessary. 

Alternatively, targeted monitoring may be more cost-effective than a broad 

assessment of several animal groups. My results suggest that the reptiles may be a 

useful subset to continue sampling as „indicators‟, as they appear to be among the 

most „sensitive‟ (i.e. recorded the highest number of clear negative associations with 

gamba grass cover) of the faunal groups included in the study. Monitoring options 

are explored in more detail in the next chapter. 

Lastly, given the potential distribution of gamba grass across northern Australia, the 

results of this study have implications much wider than the Mary river catchment. 

The results should serve as a warning of the possible consequences faced by savanna 

biota, if the use and management of gamba grass on pastoral lands, and its removal 
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and/or control in nature reserves and in other non-pastoral areas is not addressed at a 

catchment, regional and possibly state level. 
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Abstract 

The current extent of para grass and gamba grass in the Mary River catchment, for 

both grasses combined, exceeds 4000 hectares. Mapping and simple distributional 

modelling suggests that this area could expand to encompass over 9000 ha (8%) of 

the floodplains (for para grass), and 3700 ha (19%) of Wildman Reserve (for gamba 

grass). Implications for the catchment‘s biodiversity are potentially very serious, 

because very few native species have been shown to persist in areas with a dense 

cover of para grass or gamba grass. Urgent management responses, in conjunction 

with monitoring to assess the efficacy of any action, are required. 

Different monitoring approaches were assessed in relation to three possible future 

management scenarios: ‗do nothing‘, ‗targeted control‘ and ‗intensive control and 

rehabilitation‘. Advantages and disadvantages of direct monitoring (of the exotic 

grasses themselves), repeated comprehensive flora and fauna surveys and monitoring 

based on biodiversity indicator species were discussed. Based on results from 

research presented in the preceding chapters and a selection framework from the 

scientific literature, thirteen species were identified as being potential indicators of 

the impact of para grass and gamba grass on biodiversity. 

Management action at a range of levels is required if conservation goals for the 

catchment are to be realised. The eradication of para grass and gamba grass on 

conservation reserves within the Mary River catchment should become a high 

priority. On unreserved land, particularly properties bordering conservation reserves, 

efforts to contain these exotic pasture grasses need to be increased. An adaptive 

management approach would be an appropriate strategy for future management and 

monitoring of biodiversity impacts of exotic grasses in the Mary River catchment. In 

more general terms, key management responses for northern Australia should include 

legislative changes (i.e. declared weed status for both species) and increased 

community education regarding the possible environmental impacts and methods of 

control of para grass and gamba grass. 
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7.1. Introduction 

The purpose of this chapter is to examine the implications of the results presented in 

preceding chapters with the view to making recommendations for monitoring and 

management. Firstly, the potential distribution of para grass and gamba grass is 

discussed and simple predictions are made regarding possible implications for the 

catchment‘s biodiversity, based on results presented in chapters 3-6. Secondly, 

options for future monitoring are explored in relation to three future management 

scenarios. Particular attention is paid to the concept of using indicator species for 

biodiversity monitoring. Data from previous chapters are used in a ‗desk-top‘ 

evaluation of a published indicator selection framework process. Lastly, future 

management options for both gamba grass and para grass (e.g. legislation, methods 

of control and/or removal etc) are discussed and recommendations summarised for 

on-going management and monitoring. 

7.2. The distribution of para grass and gamba grass in the Mary River 

catchment: future scenarios and possible implications for biodiversity 

7.2.1. Para grass distribution 

While no comprehensive weed survey has been done in the Mary River catchment, 

some general floodplain vegetation mapping, which included stands of para grass, 

was done by Wilson et al. (1991) and Lynch (1996). In 1993/94 para grass 

distribution in the northern floodplain was mapped by the Parks and Wildlife Service 

Northern Territory (PWSNT) using on-ground field survey (PWSNT, unpublished 

data). In 1997 an aerial survey of the conservation areas within the Mary River 

catchment was undertaken (PWSNT, unpublished data). More recently, the 

monitoring project of Bach and Hosking (2002) has provided records of para grass at 

a range of locations (sites and transects) across the floodplains. 

The most accurate distribution map of para grass occurrence within the catchment 

has been produced by Ferdinands (Ferdinands et al. 2005 & Ferdinands 2007), as 

part of his concurrent PhD research. All available datasets which included para grass 

records and floodplain vegetation mapping were sourced by Ferdinands (2007) and 

supplemented with his own field surveys to produce the ‗current‘ (circa 2003) 

distribution map. At that time, approximately 2500 ha of the Mary River floodplains 
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were estimated to be infested by para grass (Ferdinands et al. 2005) (Fig. 7.1a). 

Ferdinands (2007) also modelled the habitat suitability and spread of para grass to 

identify areas most susceptible to invasion. Floodplain habitats dominated by Oryza 

spp., which occurred across an area of 9313 ha, were found to be at the highest risk 

of invasion by para grass (Fig. 7.1b) (Ferdinands et al. 2005 and Ferdinands 2007).  
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Figure 7.1. (a) Current (circa 2003) and (b) predicted distribution of para grass in the 

Mary River floodplains (after Ferdinands et al. 2005). In (a) records of para grass 

occurrence are shown in red; in (b) occurrence records are shown in pink with spread 

depicted by shades of red (i.e. pink/red = highest risk of invasion, maroon =  lowest 

risk of invasion).  
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Little research has been done investigating the rate of spread of para grass. A study 

in Kakadu National Park by Douglas et al. (2001) found that, after the removal of 

para grass using herbicide, bare areas were re-invaded at an average rate of 3.2m per 

year. Unfortunately, Ferdinands‘ spread modelling did not incorporate rate of spread, 

so estimates regarding the length of time it may take for para grass to invade the 

susceptible area in the Mary River catchment are unavailable. 

7.2.2. Gamba grass distribution 

With the exception of the floodplain vegetation mapping done in the 1990s 

mentioned above, very little mapping of weeds or exotic pasture species has been 

undertaken in other habitats of the Mary River catchment. In response to the lack of 

detailed records of the occurrence of gamba grass, I decided to do an aerial survey of 

Wildman Reserve – the area known to have the most extensive stands of gamba grass 

in the catchment. The survey was done by helicopter in May 2002 and the data 

obtained were used to produce a map of the distribution of gamba grass (% cover, on 

a 5-point scale) (Fig. 7.2a & AIII.2 in Appendix III). Full details of the methods used 

for both surveying and geostatistical modelling are provided in Appendix III. 

Based on the distribution map, gamba grass was present on approximately 8120 ha 

(41%) of Wildman Reserve, and areas with greater than 25% cover totalled 1667 ha 

(8%) (Fig. 7.2a). Habitat suitability and spread modelling was beyond the scope of 

my study, therefore predictions regarding the future distribution of gamba grass are 

somewhat speculative. Roadsides and other disturbance corridors are the major 

conduits for spread for gamba grass (Barrow 1995; Kean and Price 2003). 

Furthermore, Setterfield et al. (2005) demonstrated that gamba grass can establish in 

‗undisturbed‘ areas (i.e. it does not need soil or canopy disturbance, but both these 

factors increase establishment). Hence, the potential for gamba grass to spread and 

infest large areas is substantial. In the absence of action to control the spread of 

gamba grass, a very simple scenario may be that wherever the species is present, its 

level of cover increases (e.g. % cover shifts up one level, for all classes >1%) (Fig. 

7.2b). An increase in cover such as in this scenario would more than double the total 

area (3774 ha) on Wildman Reserve with gamba grass cover of greater than 25%. 
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Figure 7.2. (a) Current (circa 2002) and (b) possible future distribution of gamba 

grass on Wildman Reserve, Mary River catchment. Colours represent % cover of 

gamba grass. See Appendix III for more details on map production. 
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Under this scenario, it is assumed that gamba grass would invade all previously 

unaffected areas. While this could potentially occur, it is unlikely because of 

variability in habitat suitability across the landscape (i.e. areas such as permanent 

water, where gamba grass would not grow). A more realistic outcome may be to 

consider patterns of invasion based on rates of spread estimates. Barrow (1995) 

estimated that gamba grass could spread into new areas at the rate of 1 to 333m per 

year. Using a figure close to the maximum rate (300m per year; i.e. close to the worst 

case scenario), the pattern of spread could potentially occur as shown in Figure 7.3. 

However, this simple pattern of expansion of gamba grass patches into unaffected 

areas also assumes uniform invasion potential, which is probably not likely despite 

the wide range of habitats in which gamba grass appears to persist (i.e. most open 

forest and woodland areas in tropical savannas; Douglas and Setterfield (2005)). 

Nevertheless, this basic assessment demonstrates that the total area unaffected by 

gamba grass would not only become substantially reduced but also increasingly 

fragmented, as the exotic pasture spreads and thickens across Wildman Reserve. 

The full extent of gamba grass occurrence in the Mary River catchment is unknown. 

Across the whole of the NT, it has been estimated that approximately 7000 ha were 

affected in 2000 (Cameron 2000), but the potential distribution of gamba grass may 

be as great as 38 million ha (Douglas and Setterfield 2005). 
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Figure 7.3. Possible five year spread of gamba grass from ‗satellite‘ patches. The 

shaded circles represent the area potentially invaded by gamba grass over five years, 

based on a rate of spread of approximately 300m per year (with the mapped 2002 

distribution as a starting point). 
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7.2.3. Possible biodiversity implications 

While precise estimates of the rate and pattern of spread for para grass and gamba 

grass may be difficult to predict, the expansion into new areas and thickening of 

existing patches of these exotic pastures appears to be inevitable in the absence of 

aggressive control efforts. The research presented in preceding chapters provides 

evidence that the conversion of native vegetation to communities dominated by 

dense para grass or gamba grass could lead to a substantial loss of plant and animal 

biodiversity, as well as possible reductions in the size of some animal populations 

currently present in the catchment. To recapitulate, in the floodplain habitat, 87% of 

native plant and 66% of native animal species were not recorded in areas where para 

grass cover was greater than 40% (see Chapters 3 and 5). In the savanna woodland 

habitat, a similar although less pronounced result was observed, with 47% of native 

plant, 18% of native vertebrate and 31% of ground-dwelling invertebrate species not 

recorded in either woodland areas with a dense gamba grass understorey (i.e. >70% 

of the total ground-level plant cover) or paddocks of gamba grass (see Chapters 4 

and 6). Many individual species (particularly reptiles and some birds) were shown to 

decline in abundance as the cover of para grass or gamba grass increased. Detailed 

autecological and/or movement studies of a large range of species would be required 

to gain a more thorough understanding of the nature and extent to which wildlife 

utilise para grass and gamba grass in comparison to native vegetation, and this was 

beyond the scope of my research. However, what does appear to be clear from my 

study is that very few species stand to benefit from the on-going presence of these 

exotic pasture grasses. 

Gamba grass and para grass are also regarded as ‗threatening processes‘ for several 

threatened plant and animal species, a number of which have been recorded in the 

Mary River catchment (Armstrong et al. 2002; Woinarski et al. 2007). Gamba grass 

is considered a threat – either directly, through competition (i.e. for native plants), or 

indirectly, mainly through altered fire regimes, for the following nationally 

‗Endangered‘ species: the Darwin palm (Ptychosperma macarthurii), the shrub 

Helicteres sp. Glenluckie Creek, the Gouldian finch (Erythrura gouldiae), yellow-

snouted gecko (Diplodactylus occultus); and the ‗Vulnerable‘ partridge pigeon 

(eastern subspecies; Geophaps smithii smithii) and yellow chat (Alligator Rivers 
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subspecies; Epthianura crocea tunneyi) (Fraser et al. 2003; Johansen 2006; Liddle et 

al. 2006; Woinarski et al. 2007). Para grass is also regarded as a threat to the yellow 

chat, and the regionally ‗Vulnerable‘ aquatic herb, Monochoria hastata, (Woinarski 

et al. 2007). 

Although there may be complex mechanisms underlying the ecological impacts 

shown to be associated with exotic pasture invasion, it is reasonable to assume that 

an increase in the total area affected by para grass and gamba grass will result in a 

net decrease in the amount of suitable habitat for many of the catchment‘s plant and 

animal species. Furthermore, even within the remaining unaffected areas, habitat 

quality may be reduced through the effects of fragmentation, as the size of each of 

the remaining fragments decreases and as they become increasingly isolated (i.e. 

increased edge effects) (Andrén 1994; Murcia 1995). The loss or decline of species 

as a result of reduced habitat quality or availability could also have wider ecological 

implications because of the complex interactions that exist between many species. 

For example, the mobile honeyeaters and friarbirds are important pollinators of 

savanna woodland trees (Morton and Brennan 1991; Press et al. 1995). Another 

notable interaction occurs on the floodplain, where dusky rats (Rattus colletti) 

undergo large variations in abundance in response to seasonal changes in the 

availability of food (corms, roots and stems of sedges and grasses), and in turn, these 

fluctuations influence the movements and abundance of their major predator, the 

water python (Liasis fuscus) (Madsen and Shine 1996; Madsen and Shine 1999). 

In addition to species and population-level impacts, it is highly likely that the 

continued invasion of gamba grass and para grass into a range of habitats across 

northern Australia will have broader implications for regional biodiversity through 

effects on ecosystem processes operating at the landscape scale. Both exotic pasture 

species have been shown to affect abiotic characteristics of the environment such as 

soil nutrient and water levels (gamba grass) and wetland sediment loads and 

hydrological discharge (para grass) (Bunn et al. 1998; Rossiter et al. 2004; Rossiter-

Rachor et al. 2008). However, the most serious large-scale consequence of para grass 

and gamba grass invasion is almost undoubtedly the modification of fire regimes. For 

both pasture species, the biological characteristics of faster growth rates and higher 

productivity (i.e. the very attributes that render them valuable to the pastoral 
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industry) result in much greater plant biomass and hence fuel loads, in comparison 

with native grasses (Rossiter et al. 2003; Douglas and O‘Connor 2004). Greater fuel 

loads, in turn, lead to more intense fires than those occurring in native vegetation 

(Rossiter et al. 2003; Douglas and O‘Connor 2004; Rossiter-Rachor et al. 2008). The 

intensity of gamba grass fires has been estimated to be as high as 48 000 kWm
-1

, 

compared to 2000 kWm
-1

 in areas with native grass understorey (Rossiter-Rachor et 

al. 2008), but intensity has not been quantified for para grass fires. Flame heights are 

also higher in the more intense fires, with gamba grass fires observed to engulf the 

entire tree crown – something never before seen in the Northern Territory (Rossiter-

Rachor et al. in prep). Evidence of damage to mature woody vegetation has been 

recorded in areas invaded by para grass and gamba grass, and in one location subject 

to frequent gamba grass fires, tree cover has declined substantially (50% reduction in 

12 years) (Douglas and O‘Connor 2004; Ferdinands et al. 2006). In addition, there is 

evidence that the number of tree seedlings has declined in association with high-

intensity gamba grass fires (Clifton 2004). 

Flora and fauna have shown a range of responses to fire and many species appear to 

be relatively resilient with no single fire regime being suited to all species (Andersen 

et al. 2005). Nevertheless, research has demonstrated that frequent high-intensity 

fires adversely affect several vegetation communities and animal species, in addition 

to the threatened species mentioned above (Andersen et al. 2005). 

The prospect that exotic pasture grass invasion poses a risk to the persistence of a 

range of native species is at odds with the main biodiversity conservation objectives 

stipulated in the Mary River Integrated Catchment Management Plan (ICMP) (i.e. 

―to ensure that no species is lost from the catchment‖ and ―to sustain large 

populations of the dominant fauna and flora‖) (Anonymous 1998). There may also be 

legal ramifications because of state and federal conservation legislation (i.e. the 

Territory Parks and Wildlife Conservation Act and Environmental Protection and 

Biodiversity Conservation Act) which include provisions for the explicit protection 

of, and regulations against, actions that may have significant detrimental impacts on 

threatened species. Furthermore, Australia has entered into bilateral agreements for 

the protection of migratory bird species (i.e. Japan-Australia Migratory Bird 

Agreement; China-Australia Migratory Bird Agreement, and Republic of Korea-
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Australia Migratory Bird Agreement) (DEWHA 2007) so the degradation of 

floodplain habitats by para grass may have international conservation implications. 

7.2.4. The need for management action and monitoring 

The current management of para grass and gamba grass across the Mary River 

catchment ranges from very passive (i.e. no management action at all), to active 

management for the maintenance of grazing paddocks on pastoral land (e.g. through 

stock rotation and wet-season ‗spelling‘), and to small-scale eradication efforts (e.g. 

spraying with herbicide, hand-pulling) on some sections of the conservation reserves 

and other land tenures. In most areas where gamba grass is present (except cleared 

gamba paddocks on pastoral land), management usually also involves fuel-reduction 

burning, at least once a year. However, in order to achieve the fundamental goal 

stipulated in the ICMP of no loss of species, management actions aimed at 

controlling the spread and/or eradicating these exotic pasture grasses, at least on 

reserved land, will need to intensify. 

In areas zoned as conservation reserves within the Mary River catchment, the on-

going management of exotic pasture grasses may take a range of different directions, 

and consequently the long-term outcomes for the region‘s biodiversity may also be 

varied. Biodiversity monitoring is a practical way to assess the ‗success‘ or otherwise 

that a particular management approach has in achieving regional conservation goals. 

Nevertheless, a range of monitoring options also exist, hence the design of a 

management and monitoring plan for para grass and gamba grass could become quite 

a complex task. In this section of the chapter, I do not attempt to discuss the full 

range of management and monitoring options for para grass and gamba grass on the 

catchment‘s conservation land. Rather, I will explore the appropriateness of some of 

the most commonly used monitoring strategies, in the context of three possible future 

management scenarios: 

Scenario 1: ‘do nothing’ – no action to control spread or reduce cover of 

either exotic pasture species; 
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Scenario 2: ‘targeted control and containment’ – actions to halt or slow 

the spread, and prevent new infestations of para grass and 

gamba grass establishing in unaffected areas (i.e. control 

focussed around boundaries of major infestations only and 

eradication of small, satellite infestations); 

Scenario 3: ‘intensive control and rehabilitation’ – action to control the 

spread and attempted eradication of all infestations regardless of 

size, followed by habitat restoration (e.g. revegetation with 

appropriate native species in the lower, mid and upper-storeys). 

At present, management of these exotic grasses on conservation reserves is probably 

a combination of Scenarios 1 and 2, and there is no formal biodiversity monitoring 

underway or planned for the future. 

7.3. Biodiversity monitoring approaches 

7.3.1. Strategies for monitoring biodiversity 

Environmental monitoring has been undertaken in most regions across the world for 

several decades. Monitoring may take a variety of forms ranging from simple photo-

monitoring from designated points at regular intervals, to intensive programs which 

involve fully replicated experimental designs. Biodiversity assessment
1
 is a relatively 

recent phenomenon with interest in such conservation-oriented monitoring growing 

steadily since the 1980s. A number of reviews addressing the broad issue of 

biodiversity monitoring have been published overseas (e.g. Heywood 1995; Ringold 

et al. 1996; Gibbs et al. 1999). In Australia, notable reviews on the topic include 

those by Faith and Walker (1996), Whitehead et al. (2001), Smyth and James (2004) 

and Watson and Novelly (2004). 

                                                 

1
 Biodiversity assessment or monitoring in the context of this discussion generally refers to monitoring 

at the species level or higher taxon levels (e.g. genus or family). 
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There are also several reviews which address the more specific issue of the use of 

indicators for biodiversity monitoring (e.g. Landres et al. 1988; Noss 1990; Saunders 

et al. 1998; Hilty and Merenlender 2000; Lindenmayer et al. 2000; Andersen et al. 

2004; Landsberg and Crowley 2004; Ludwig et al. 2004; Mac Nally et al. 2004). 

Collectively these reviews provide a detailed assessment of various aspects to be 

considered during the design and implementation of biodiversity monitoring 

programs. 

This section of the chapter does not reiterate the comprehensive information 

presented in earlier reviews. Rather, it draws on the literature currently available to 

provide a brief summary of three relevant biodiversity monitoring approaches that 

may be most suited to assessing impacts of exotic pasture grasses in the Mary River 

catchment. 

Direct monitoring of the threatening process 

‗Direct monitoring‘ refers to monitoring which does not actually measure 

biodiversity attributes, but instead directly assesses the threatening process. It is 

therefore based on prior research that has demonstrated strong statistical 

relationships between some measure of the threatening process (in this case cover of 

exotic pasture grass) and biodiversity measures (e.g. richness and/or abundance of 

native plants and animals). Monitoring could be done using ground-based surveys or 

remote sensing. Examples in the scientific literature which link weed mapping or 

monitoring to biodiversity values are extremely scarce (but see Ferdinands 2007), but 

there are several examples of studies that have examined the relationship between 

remote-sensed landscape characteristics and biodiversity (e.g. Gould 2000; Muldavin 

et al. 2001; Shuman and Ambrose 2003; Ludwig et al. 2004). 

Both para grass and gamba grass are easily identifiable from the air (i.e. from a 

helicopter flying at low altitude (<100m), pers. obs.). Therefore, aerial surveys would 

probably be the most cost-effective method to monitor the extent of these exotic 

grasses in the Mary River catchment, especially given the logistic constraints of 

conducting ground-based surveys during the wet season. Inferences could then be 

drawn regarding biodiversity attributes, based on the links demonstrated by my 
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research between biodiversity components and the presence or cover of para grass 

and gamba grass. 

There are a number of disadvantages associated with any type of monitoring based 

on remotely sensed data that would also apply to this situation. Firstly, changes 

occurring on small scales (e.g. very small clumps of para grass or gamba grass) may 

not be readily detected, or the target species may be misidentified. Mapping or 

monitoring based on other forms of data acquisition (e.g. satellite imagery, radar etc., 

cf. low-altitude aerial surveys) is subject to additional problems including 

atmospheric interference and variable illumination of topography which may result 

in image classification errors (Johnston 1998; Turner et al. 2003). However, the 

reliable detection of para grass and gamba grass using these technologies has not yet 

been demonstrated. Technological advances in sensors, image quality and 

classification techniques could potentially reduce errors in remotely sensed data, but 

some field-based monitoring to ground-truth information derived from these sources 

is likely to remain a necessity (Shuman and Ambrose 2003; Turner et al. 2003). 

Another general issue that applies to landscape-scale monitoring is that while 

landscape structure is well accepted as important for biodiversity, there is little 

evidence of strong associations between landscape pattern metrics derived from 

remotely sensed data, and other, direct measures of biodiversity values (Doherty et 

al. 1998; Noss 1999; Nagendra 2001; but see Schumaker 1996; and Wessels et al. 

1999). This short coming is also applicable to the current situation because despite 

my own research demonstrating some statistically significant associations between 

the cover of para grass/gamba grass and biodiversity measures, we have little 

understanding of how altered landscape pattern characteristics (i.e. increased patch 

sizes of exotic grasses and fragmentation of natural habitats) affects plant and animal 

biodiversity in the Mary River catchment. 

Monitoring the extent of para grass and gamba grass directly would provide useful 

information for any management strategy that has the goal of slowing or halting the 

spread of exotic pastures. Regular broad-scale monitoring could provide data on the 

expansion (or contraction) of patches of these exotic grasses, and hence detect new 

infestations (or re-infestations in restored areas) that require attention. Consequently, 
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this sort of monitoring may be of particular value to management Scenarios 2 and 3. 

If controlling the spread of exotic grasses was the only management objective, 

monitoring costs would be relatively low as there would be no need to assess and 

report on biodiversity outcomes. However, the underlying conservation goal for the 

region is ‗no loss of species‘, so monitoring the extent of para grass and gamba grass 

alone, even if robust predictions could be made about biodiversity responses, is 

unlikely to provide meaningful information regarding the status of the catchment‘s 

biodiversity. 

In summary, direct (aerial) monitoring of exotic pasture grasses would probably be 

best used as a compliment to a biodiversity monitoring program, especially because 

it has the potential to provide distributional data across a wide area and is also 

relatively inexpensive. 

Repeated flora and fauna surveys 

An early step in conservation planning is often comprehensive flora and fauna 

surveys aimed at documenting the species present in a given area. On-going 

biodiversity monitoring is commonly done using repeated surveys in which a subset 

or all of the original sites are revisited and the same sampling methods applied. 

Repeated surveys may be particularly useful as a way to assess biodiversity trends in 

relation to management actions or ‗natural‘ ecosystem processes (e.g. feral animal 

control or fire history), and this approach has been used for conservation 

management in national parks in the Northern Territory (e.g. Litchfield National 

Park, Woinarski et al. 2004; Kakadu National Park, Andersen et al. 2005). 

Repeating comprehensive flora and fauna surveys, such as those undertaken to 

provide information for the Mary River catchment conservation plan (Armstrong et 

al. 2002) and during my own research, would be a highly appropriate strategy to 

monitor the on-going effects of para grass and gamba grass on regional biodiversity, 

regardless of the direction that any future management action may take (i.e. all three 

scenarios outlined above). However, comprehensive surveys would be especially 

useful in assessing the success of management Scenario 3 – i.e. management which 

involves habitat restoration as well as removal of exotic pasture grasses. Repeated 

surveys would provide data on the condition of restored vegetation (e.g. species 
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richness and cover of plants reintroduced following para/gamba grass removal). Full 

fauna surveys would have the potential to reveal whether animal species previously 

recorded in an area, but not found when exotic grasses were dominant, had returned 

following eradication and rehabilitation efforts. 

The obvious advantage of monitoring based on comprehensive surveys is that it 

would yield high quality data that directly measures biodiversity attributes (e.g. 

species presence and abundance). Nevertheless, site-based fauna surveys, even if 

undertaken using very comprehensive methods targeting a wide range of species, 

may be unable to provide sufficient data to assess biodiversity trends in some 

taxonomic groups (e.g. highly mobile fauna). Another disadvantage of this 

monitoring approach is that it requires substantial resources, is labour-intensive, and 

hence relatively costly. Thus various options to ‗streamline‘ comprehensive surveys 

and make biodiversity monitoring more cost-efficient have been proposed. 

One option is to reduce the number of sites monitored by the use of schemes such as 

sampling with partial replacement or rotation sampling. These sampling strategies 

make use of both permanent and temporary sites, with only a proportion of sites 

revisited and others added or removed during each assessment (Skalski 1990; Scott 

1998). In addition, sampling with partial replacement enables an assessment to be 

more spatially extensive, increasing confidence that sites are truly independent (i.e. 

overcoming spatial autocorrelation that may occur with sites located in close 

proximity; Hulbert 1984), without increasing the total sample size and hence cost 

(Skalski 1990). 

The use of these sorts of sampling schemes may be one way to keep costs down for 

monitoring the impacts of para grass and gamba grass on biodiversity. For example, 

a range of sites could be revisited each cycle, with new sites added (e.g. in areas 

ahead of the exotic grass ‗invasion front‘ or where other changes are occurring, such 

as eradication and/or rehabilitation work (i.e. under Scenarios 2 and 3)), and others 

removed (e.g. in locations where exotic grass cover has been dense for some time 

and no management action is occurring (i.e. under Scenarios 1 and 2)). Using this 

approach, it would be possible to design a comprehensive monitoring program that is 

flexible and able to adapt in line with on-ground changes, while keeping the total 
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number of sites (and cost) approximately the same. Another strategy proposed as an 

alternative to comprehensive surveys is to restrict the range of organisms monitored 

– i.e. to focus sampling on a smaller number of ‗indicator‘ taxa. 

Biodiversity indicators 

The use of ecological indicators for biodiversity monitoring has received 

considerable attention in the scientific literature in recent years (see reviews listed in 

section 7.3.1. above). In biodiversity monitoring, the presence or condition of a 

particular indicator is presumed or demonstrated to reflect some pattern in overall 

biodiversity (Noss 1990; Saunders et al. 1998). Importantly, indicators do not 

necessarily bear any direct cause of effect relationship to the factor of interest; they 

are simply indicators (Landres et al. 1988). Indicators may take the form of taxa (i.e. 

based on presence or abundance of individual species, groups or guilds of plants or 

animals), community-level attributes (e.g. diversity or evenness of species/guilds, 

predation rates), or landscape-level characteristics (e.g. heterogeneity, connectivity) 

(Noss 1990). Taxon-based (species) indicators (i.e. ‗indicator species‘) have received 

the most attention in the scientific literature and these are the focus of the ensuing 

discussion. Lindenmayer et al. (2000) provide additional definitions for the term 

indicator species, but the one most relevant to the issue of exotic grass impacts in the 

Mary River catchment is a management species which reflects the effects of a 

disturbance regime or the efficacy of efforts to mitigate disturbance effects. 

Most of the published reviews published on biodiversity indicator species discuss the 

criteria for selection of taxa. Hilty and Merenlender (2000) evaluated the various 

criteria proposed by other authors and summarised the selection conditions as falling 

into four general categories – (1) baseline information, (2) location information, (3) 

niche and life history attributes, and (4) other (Table 7.1). Critiques of the criteria 

proposed have noted problems associated with the selection of indicators including 

conflict between one criterion and another, lack of agreement among authors, and no 

prioritisation for the order of importance of indicator selection criteria (Landres et al. 

1988; Noss 1990; Hilty and Merenlender 2000). Important issues regarding the use 

of biodiversity indicators raised in the reviews are: scale (spatial and temporal), and 

the lack of adequate validation between indicators and the conditions they are 

supposed to index (i.e. changes in the ecosystem associated with a threatening 
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process and/or biodiversity attributes of the wider ecological community) (Hilty and 

Merenlender 2000; Whitehead et al. 2001). Overall, the general consensus in the 

literature is that the use of indicators is an appropriate strategy for monitoring 

biodiversity, particularly when more comprehensive assessments or direct 

measurements are not possible. 

 

 

Table 7.1. Summary of suggested criteria for selecting indicator taxa, based on nine 

review articles published between 1985 and 1994 (after Hilty and Merenlender 

2000). 

Suggested criteria Desirable characteristics* 

Baseline information Clear taxonomic status 

 Well studied biology and life history 

 
Tolerance levels known and/or correlation to ecosystem 

changes established 

Locational information Cosmopolitan distribution (i.e. not migratory) 

 Small home range size 

Niche and life history 

characteristics 

Trends detectable and able to provide early warning and 

be functional over a range of stresses 

 Low population fluctuations 

 Food/habitat specialist 

 Easy to find and measure 

Other 
Taxa are species at risk, represent multiple agendas, or 

are economically valuable 

 
Part of set of complimentary indicator taxa in order to 

satisfy multiple criteria 

* Characteristics regarded as ‗desirable‘ in most of the review papers (some discrepancies were 

reported by Hilty and Merenlender (2000)) 
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Using indicator species may also be a cost-effective way to monitor broader 

biodiversity responses to exotic pasture grass invasion (or associated management 

actions) in the Mary River catchment. Monitoring based on an indicator approach 

would be appropriate for all three management scenarios, especially if taxa showing 

a particular sensitivity to the presence or cover of para grass and/or gamba grass 

could be identified. However, indicator-based monitoring is unlikely to provide 

sufficiently detailed information to constitute a reliable assessment of the status of 

the catchment‘s biodiversity, from the perspective of the ICMP‘s goal of ‗no loss of 

species‘. Nevertheless, the concept of using biodiversity indicators in the on-going 

monitoring of exotic pasture grasses in the Mary River catchment is worth exploring 

in greater detail. 

7.3.2. Indicators of impact from exotic grass invasion 

In this section, the process of biodiversity indicator selection, loosely following the 

framework proposed by Hilty and Merenlender (2000) (Table 7.2), is illustrated 

using data obtained during the comprehensive surveys undertaken for the 

conservation plan (i.e. Armstrong et al. 2002) and my own research. My intention is 

to provide a simple assessment of one possible approach to the selection of 

indicators. I acknowledge that various selection procedures exist and that others may 

be more appropriate for biodiversity monitoring in different locations, scales, or in 

relation to other environmental ‗stresses‘. 

Step 1 

According to Hilty and Merenlender‘s (2000) framework (see Table 7.2), the first 

step is to decide what the indicator should reflect. For the issue of para grass and 

gamba grass invasion in the Mary River catchment, I suggest that indicators may be 

used as an alternative to comprehensive biodiversity monitoring. Therefore, such 

indicators should be a reflection of more general biodiversity attributes (e.g. species 

richness of particular faunal groups). 
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Table 7.2. Step-wise decision-making framework for selecting indicator taxa (after 

Hilty and Merenleder 2000). 

Step Action(s) 

1 Decide what ecosystem attribute(s) indicator taxa should reflect. 

2 List all species in the area that best satisfy the baseline 

information criteria*. 

3 From the initial list, retain species that best meet the suggested 

niche and life history criteria*. 

4 Remove species that may respond to changes occurring outside 

the system of interest. 

5 Use only those species that can be easily detected and monitored 

with available funds. 

6 

(optional step) 

Reduce the list further by selecting taxa in the list with 

cosmopolitan distribution and/or that represent other agendas of 

interest. 

7 Select a set of complementary indicator taxa from different 

taxonomic groups so that all selection criteria are met by more 

than one taxon. 

* Selection criteria as described in Table 7.1. 

 

Steps 2, 3 and 4 

The second step is to list all species that satisfy the baseline criteria concerning 

taxonomic status, biology/life history characteristics and correlation to ecosystem 

change (see Table 7.1). The list of all terrestrial, vertebrate fauna species recorded 

for the catchment provides a starting point for the selection of potential indicator taxa 

(Table XIV, in Appendix IV). 

This list has 408 species and, while the taxonomic status of most species is 

unambiguous, the extent to which their biology has been studied is highly variable. 

Some species have been the subject of detailed research projects (e.g. magpie geese – 

Dawson et al. (2000), Whitehead (1999b); water pythons – Madsen and Shine 
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(1996), Madsen and Shine (1999)), whereas the biology of others is poorly known 

and information may only be available for higher taxonomic levels (e.g. genus, as for 

many species of reptile (Cogger 2000)). The same is true for most of the selection 

criteria applicable to Step 3 (i.e. knowledge of population fluctuations, diet and 

habitat specificity). In light of these shortcomings, it is more practical to first 

consider species‘ responses and/or correlations with the environmental stress of 

interest (i.e. cover of exotic pasture grasses). 

For those species recorded during my research (n = 174), there is some information 

available on associations between abundance and para grass or gamba grass cover. 

However, the low frequency of occurrence of many species prevented statistical 

analyses of abundance. For those species recorded frequently enough to analyse 

abundance (n = 60), 22 species were found to have a statistically significant 

association with either para grass or gamba grass cover (denoted by ‗+‘ or ‗—‘, for 

positive and negative associations, respectively, in Table XIV, Appendix IV). 

Therefore, based on the criterion of ‗tolerance to ecosystem change established‘, the 

list of potential indicators could be reduced to the 16 species (notably all are reptile 

or bird species) found to have statistically significant negative associations with 

exotic pasture grass cover (Table 7.3). 

In order to assess how well each of these species performs as an indicator of broader 

biodiversity characteristics, correlation analyses can be used to test for statistical 

associations between abundance and species richness variables (Table 7.3). For the 

floodplain species negatively associated with para grass, magpie goose abundance 

was positively correlated with bird and native plant species richness, and abundance 

of the skinks Carlia gracilis and Ctenotus robustus was positively correlated with 

reptile species richness (Table 7.3). For the 13 woodland species negatively 

associated with gamba grass, abundance of all species except the pied butcherbird 

was positively correlated with species richness of their own faunal group. The 

abundance of 10 species was also positively correlated with species richness of all 

vertebrates combined (Table 7.3). There was a negative correlation between the 

abundance of some species and frog and/or mammal species richness. Abundance of 

all 13 woodland species was positively correlated with native plant species richness 

(Table 7.3). 
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Table 7.3. List of terrestrial vertebrate species for which abundance was negatively associated with para grass or gamba grass cover, and their 

correlation with species richness variables. Correlations were done using a Spearman‘s rank correlation test for abundance and species richness 

data collected from each site during each survey (i.e. sites were surveyed one to four times each; maximum n = 87, for woodland sites and 

maximum n = 23, for floodplain sites). Correlations involving floodplain bird species richness and magpie goose abundance used data from point 

bird counts (n = 441; see Chapter 5 for details). Results shown are correlation coefficient rho (ρ), Z values and associated probabilities 

(statistically significant results are indicated by * for P<0.05 or ** for P<0.01). Results with a correlation coefficient >0.50 are highlighted by 

boldface. Paddock sites were excluded from woodland analyses. Graphs of abundance of these species versus para grass or gamba grass cover are 

presented in Chapters 5 and 6, respectively. 

Species  Correlation with group species richness 

Scientific name Common name Neg. 

Assoc 

frogs
a
 reptiles mammals

b
 birds All vert. 

speciesc 

Native plant 

species
d
 

Anseranas 

semipalmata 

magpie goose para Na na na ρ=0.45, 

Z=9.53, 

P<0.01** 

na ρ=0.12, 

Z=2.62, 

P<0.01** 

Cacatua galerita sulphur-crested 

cockatoo 

gamba ρ=−0.06, 

Z=−0.53 

P=0.60 

ρ=0.36, 

Z=3.34 

P<0.01** 

ρ=−0.44, 

Z=−2.83 

P<0.01** 

ρ=0.32, 

Z=2.99 

P<0.01** 

ρ=0.48, 

Z=3.05 

P<0.01** 

ρ=0.43, 

Z=4.05 

P<0.01** 

Carlia gracilis slender rainbow 

skink 

para ρ=0.47, 

Z=2.03, 

P<0.05* 

ρ=0.88, 

Z=4.11, 

P<0.01** 

ρ=0.01, 

Z=0.02 

P=0.99 

na na ρ=0.30, 

Z=0.97 

P=0.33 

Carlia munda striped rainbow 

skink 

gamba ρ=0.09, 

Z=0.85 

P=0.40 

ρ=0.55, 

Z=5.14 

P<0.01** 

ρ=−0.245, 

Z=−1.54 

P=0.12 

ρ=0.14, 

Z=1.34 

P=0.19 

ρ=0.35, 

Z=2.21 

P<0.05* 

ρ=0.61, 

Z=5.62 

P<0.01** 

Carlia rufilatus red-sided 

rainbow skink 

gamba ρ=−0.23, 

Z=−2.12 

P<0.05** 

ρ=0.63, 

Z=5.88 

P<0.01** 

ρ=−0.52, 

Z=−3.35 

P<0.01** 

ρ=0.18, 

Z=1.71 

P=0.09 

ρ=0.38, 

Z=2.45 

P<0.05* 

ρ=0.41, 

Z=3.78 

P<0.01** 
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Table 7.3. Continued. 

Species  Correlation with group species richness 

Scientific name Common name Neg. 

Assoc 

frogs
a
 reptiles mammals

b
 birds All vert. 

speciesc 

Native plant 

species
d
 

Cracticus 

nigrogularis 

pied butcherbird gamba ρ=−0.04, 

Z=−0.34 

P=0.73 

ρ=0.33, 

Z=3.06 

P<0.01** 

ρ=−0.36, 

Z=−2.35 

P<0.05* 

ρ=0.01, 

Z=0.06 

P=0.95 

ρ=0.19, 

Z=1.21 

P=0.23 

ρ=0.39, 

Z=3.64 

P<0.01** 

Cryptoblepharus 

plagiocephalus 

arboreal snake-

eyed skink 

gamba ρ=−0.10, 

Z=−0.97 

P=0.33 

ρ=0.54 

Z=4.99 

P<0.01** 

ρ=−0.35, 

Z=−2.24 

P<0.05* 

ρ=0.40, 

Z=3.71 

P<0.01** 

ρ=0.49, 

Z=3.14 

P<0.01** 

ρ=0.41, 

Z=3.80 

P<0.01** 

Ctenotus 

essingtonii 

Port Essington 

ctenotus 

gamba ρ=−0.18, 

Z=−1.66 

P=0.10 

ρ=0.62, 

Z=5.84 

P<0.01** 

ρ=−0.45, 

Z=−2.86 

P<0.01** 

ρ=0.32, 

Z=2.99 

P<0.01** 

ρ=0.56, 

Z=3.55 

P<0.01** 

ρ=0.39, 

Z=3.60 

P<0.01** 

Ctenotus robustus robust ctenotus para ρ=0.41, 

Z=1.78 

P=0.08 

ρ=0.90, 

Z=4.21 

P<0.01** 

ρ=0.04, 

Z=0.13 

P=0.90 

na na ρ=0.56, 

Z=1.86 

P=0.06 

Ctenotus storri Storr‘s ctenotus gamba ρ=−0.15, 

Z=−1.36 

P=0.17 

ρ=0.61, 

Z=5.67 

P<0.01** 

ρ=−0.56, 

Z=−3.59 

P<0.01** 

ρ=−0.04, 

Z=−0.38 

P=0.71 

ρ=0.25, 

Z=1.59 

P=0.11 

ρ=0.50, 

Z=4.64 

P<0.01** 

Dacelo leachii blue-winged 

kookaburra 

gamba ρ=−0.09, 

Z=−0.81 

P=0.42 

ρ=0.56, 

Z=5.22 

P<0.01** 

ρ=−0.58, 

Z=−3.77 

P<0.01** 

ρ=0.41, 

Z=3.81 

P<0.01** 

ρ=0.47, 

Z=3.06 

P<0.01** 

ρ=0.41, 

Z=2.57 

P<0.01** 
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Table 7.3. Continued. 

Species  Correlation with group species richness 

Scientific name Common name Neg. 

Assoc 

frogs
a
 reptiles mammals

b
 birds All vert. 

speciesc 

Native plant 

species
d
 

Diporiphora 

bilineata 

two-lined 

dragon 

gamba ρ=−0.21, 

Z=−1.92 

P=0.05 

ρ=0.64, 

Z=5.90 

P<0.01** 

ρ=−0.55, 

Z=−3.51 

P<0.01** 

ρ=0.21, 

Z=1.98 

P<0.05* 

ρ=0.47, 

Z=3.02 

P<0.01** 

ρ=0.45, 

Z=4.17 

P<0.01** 

Entomyzon 

cyanotis 

blue-faced 

honey-eater 

gamba ρ=−0.15, 

Z=−1.42 

P=0.15 

ρ=0.27, 

Z=2.57 

P<0.05* 

ρ=−0.36, 

Z=−2.34 

P<0.05* 

ρ=0.46, 

Z=4.28 

P<0.01** 

ρ=0.28, 

Z=1.78 

P=0.08 

ρ=0.33, 

Z=3.02 

P<0.01** 

Heteronotia binoei Bynoe‘s gecko gamba ρ=−0.35, 

Z=−3.26 

P<0.01** 

ρ=0.71, 

Z=6.58 

P<0.01** 

ρ=−0.54, 

Z=−3.45 

P<0.01** 

ρ=0.21, 

Z=1.91 

P=0.06 

ρ=0.38, 

Z=2.45 

P<0.05* 

ρ=0.44, 

Z=4.11 

P<0.01** 

Menetia alanae Alan‘s menetia gamba ρ=0.21, 

Z=1.92 

P=0.05 

ρ=0.51, 

Z=4.77 

P<0.01** 

ρ=−0.38, 

Z=−2.43 

P<0.05* 

ρ=0.16, 

Z=1.52 

P=0.13 

ρ=0.41, 

Z=2.62 

P<0.01** 

ρ=0.40, 

Z=3.70 

P<0.01** 

Trichoglossuc 

haematodus 

rainbow lorikeet gamba ρ=0.13, 

Z=1.24 

P=0.21 

ρ=0.47, 

Z=4.37 

P<0.01** 

ρ=−0.47, 

Z=−3.03 

P<0.01** 

ρ=0.28, 

Z=2.57 

P<0.05* 

ρ=0.49, 

Z=3.17 

P<0.01** 

ρ=0.52, 

Z=4.80 

P<0.01** 

a. For correlations between frog species richness and Carlia gracilis and Ctenotus robustus abundance, frog species richness was from data recorded on each site from the 

wet season survey following each dry season survey. 

b. Mammals were surveyed during the second year of field work only, therefore correlations were done on approximately half the total woodland data set (n=42). 

c. Correlations for ―all vertebrate species‖ richness were done on woodland sites from the second year of surveys only (i.e. when mammals were included in field 

surveys, n=42). Differences in sampling methodology between floodplain sites and point birds counts prohibited analyses of all vertebrate species richness for any para 

grass sites. 

d. Native plant species richness included all woody and non-woody species recorded from each site or point (in the case of floodplain point bird counts), during each survey. 
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The abundance of all 16 potential indicator species listed in Table 7.3 was 

significantly (P<0.01) correlated with at least one species richness measure. 

However, it is worth noting that many of the significant correlations were 

nonetheless statistically weak (i.e. value of the correlation coefficient, ρ, was <0.50). 

Examples of species found to have stronger (or more relevant, from an indicator 

perspective) correlations between abundance and species richness measures are 

shown in Figure 7.4. For instance, abundance of the gecko Heteronotia binoei, had 

the strongest correlation with reptile species richness (ρ = 0.71), of all the savanna 

woodland (gamba grass) reptile species listed in Table 7.3, but abundance of the 

skink Ctenotus essingtonii was also strongly correlated with species richness of all 

vertebrate groups combined (Table 7.3, Figure 7.4). Similarly, abundance of both the 

blue-winged kookaburra and rainbow lorikeet was significantly correlated with 

species richness of all vertebrate groups combined, but the correlation with species 

richness of native plants was stronger for the rainbow lorikeet (ρ = 0.52) than for the 

kookaburra (ρ=0.41) (Table 7.3, Figure 7.4). On this basis, C. essingtonii and the 

rainbow lorikeet may therefore be the more useful indicator species of the four. 

However, Figure 7.4 shows that even the ‗stronger‘ statistically significant 

correlations may have limited ecological application because species richness of 

plant or animal groups appears to be positively associated with the abundance of 

indicator taxa at low abundance values only, with the correlation ‗plateauing‘ at 

intermediate and higher abundance values. 

With the list of potential indicator species now reduced to sixteen, reviewing these 

species in relation to Step 2 of Hilty and Merenlender‘s (2000) framework (i.e. 

taxonomic status, biology/life history characteristics) becomes much simpler. The 

fauna reference texts used to collate information for Appendix IV (i.e. Horner (1991) 

and Cogger (2000), for reptiles; Pizzey and Knight (1998), for birds) were consulted 

once again and it was found that species-level information was available for all short-

listed species. Furthermore, taxonomic status was well-established for all bird 

species, but the taxonomy of two lizards (Cryptoblepharus plagiocephalus and 

Ctenotus essingtonii) has recently been reviewed (Horner 2007; J. Woinarski, pers. 

comm.). 
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Figure 7.4. Scatterplots showing the correlation between floodplain reptile species 

richness and Ctenotus robustus abundance (top left); woodland vertebrate species 

richness and Ctenotus essingtonii abundance (top right) and rainbow lorikeet 

abundance (bottom left); and woodland native plant species richness and rainbow 

lorikeet abundance (bottom right). Spearman‘s rank correlation coefficients, rho (ρ), 

are also shown. Paddock sites were excluded from woodland analyses. 
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In summary, this simple assessment shows that most of the 16 potential indicator 

species more or less meet the selection criteria specified in Steps 1 to 3 and therefore 

all species remained on the short-list. However, assessing the response of species‘ 

abundance to environmental stresses other exotic pasture grass invasion (Step 4) 

would be very difficult without additional research, and hence cannot really be 

examined as part of this exercise. 

Steps 5, 6 and 7 

Another practical step in the selection of indicators is to compare the ease (and cost) 

of monitoring and detection for each of the species short-listed (Step 5) (Table 7.2). 

The potential indicator species listed in Table 7.3 consist of lizards and birds only. 

The sampling methods employed for these faunal groups, namely pitfall trapping (for 

lizards), time-constrained searches (for both groups), and aural censuses (for birds) 

are essentially the same for all listed species in each group. In other words, 

monitoring costs may vary depending on whether birds or lizards were the target, but 

not in relation to the particular bird or lizard species chosen from the short-list of 

indicators. While I have not attempted to estimate the actual costs of ‗bird only‘ or 

‗lizard only‘ surveys, a lizard only survey is likely to be the more costly of the two 

because of the added pitfall trapping component. Surveys of either birds or lizards 

would certainly be less costly than a comprehensive fauna survey aimed at sampling 

a broad range of terrestrial vertebrates. Ease of detection is likely to be similar for the 

list of potential indicator species within each taxonomic group and habitat. However, 

detection ability may be influenced by seasonal factors (e.g. temperature, rainfall, 

seasonal changes in vegetation) for both birds and lizards. 

In Step 6 of Hilty and Merenleder‘s (2000) framework, they suggest the list be 

reduced further by selecting taxa with a cosmopolitan distribution and/or that 

represent other agendas of interest. For the species short-listed in Table 7.3, three 

species (all lizards) have relatively small distributions (i.e. small area(s) within the 

NT), seven have moderate to large distributions (i.e. northern Australia), and the 

remaining six species have wide distributions (i.e. across much of Australia) (see 

Table XIV in Appendix IV). On the basis of this criterion, the three lizard species 

with restricted distributions could be removed from the indicator short-list. 
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The only species short-listed in Table 7.3 that may represent other agendas is the 

magpie goose. While once distributed widely across northern and eastern Australia, 

the magpie goose has undergone a substantial range contraction (about 50%) 

(Garnett and Crowley 2000). Populations in northern Australia remain large and the 

Mary River wetlands are regarded as some of the most important breeding areas for 

the species in the region (Armstrong et al. 2002). The magpie goose is an iconic 

species in the Mary River catchment and one that stakeholders across all sectors are 

keen to protect (Anonymous 1998). Hence, the inclusion of magpie geese on the 

short-list of indicators is further justified, on the basis that it can be considered a 

‗flagship‘ species. 

Step 7 recommends the selection of a set of complementary indicator taxa from 

different taxonomic groups to ensure that all selection criteria are met by more than 

one taxon. On the basis of this recommendation, it would be sensible to retain all the 

species short-listed in Table 7.3 as potential indicators. Using a range of lizard and 

bird species as biodiversity indicators makes sense from an ecological theory 

perspective, given that animals from these different faunal groups are likely to 

respond to changes in the environment at different scales (both spatially and 

temporally). From a logistic perspective, there is no reason to reduce the list further 

as the survey methods typically used to monitor the short-listed species would be the 

same, whether monitoring was aimed at those particular species or simply lizards and 

birds in general. 

Conclusions 

The framework of Hilty and Merenleder (2000) provides one approach to selecting 

indicator species. Using data from my own research and from Armstrong et al. 

(2002), the initial list of 408 species (i.e. all species recorded in the Mary River 

catchment) was assessed in relation to each selection criterion. The list was reduced 

to only those species recorded during my research (174 spp.), then further to only 

those species recorded frequently enough for analysis of abundance in relation to 

gamba/para grass cover (60 spp.). A final list of 13 potential indicator species (all 

birds and lizards), representing only species showing negative associations with 

gamba/para grass and excluding species with restricted distributions, was the end 

product of the selection process (Table 7.4). 
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Table 7.4. Short list of thirteen indicator species for monitoring exotic grass invasion 

impact in the Mary River catchment. 

Exotic grass Birds Lizards 

Para grass magpie goose slender rainbow skink 

robust ctenotus 

Gamba grass blue-faced honey-eater 

blue-winged kookaburra 

pied butcherbird 

rainbow lorikeet 

sulphur-crested cockatoo 

arboreal snake-eyed skink 

Bynoe‘s gecko 

Port Essington ctenotus 

striped rainbow skink 

two-lined dragon 

 

A practical recommendation following an assessment such as this one, is that future 

monitoring should target the two faunal groups (i.e. birds and lizards) represented in 

the indicator species short list. Focusing on these groups, rather than undertaking 

comprehensive vertebrate surveys, may be one way to reduce the cost of on-going 

biodiversity monitoring (i.e. sampling would be streamlined to involve active 

searches and pitfall trapping, with mammal trapping omitted). 

7.3.3. The issue of scale 

The issue of scale (both spatial and temporal) warrants discussion during the 

development of any monitoring program. It is unlikely that any one indicator will be 

appropriate for monitoring at multiple spatial and temporal scales (Noss 1990). 

Various authors have suggested using suites of indicators (e.g. bird and mammals 

guilds (Croonquist and Brooks 1991); bird communities (O‘Connell et al. 2000; Mac 

Nally et al. 2004); salamanders (Welsh and Droege 2001); ants (Andersen et al. 

2004)) as one way of overcoming this problem. The indicator species identified in 

the above assessment (Table 7.4) were from two faunal groups (i.e. birds and lizards) 
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and these were, at least, likely to respond to environmental disturbance at different 

spatial and temporal scales. Therefore, data obtained by monitoring birds and lizards 

is more likely to reflect the wider impacts of exotic grass invasion on regional 

biodiversity than monitoring based on just one taxonomic group. However, Noss 

(1990) argued that no single level of organisation is fundamental and different levels 

of resolution are appropriate for different monitoring questions. He recommended 

that indicators be chosen from a range of ecological levels (e.g. genetic, population-

species, community-ecosystem and regional landscape level) (Noss 1990). Indicators 

proposed by Noss (1990) include species diversity and evenness (for biodiversity 

composition at the community-ecosystem level); distribution, richness and 

proportions of patch (habitat) types and patterns of species distributions (for 

biodiversity composition at the regional level); and landscape pattern characteristics 

(for biodiversity structure at the regional landscape level). More recently, the case for 

using landscape-scale indicators (e.g. of structure and/or function) for biodiversity 

monitoring has become stronger (e.g. Lindenmayer et al. 2000; Ludwig et al. 2004; 

Wallace et al. 2004), particularly because of the difficulties associated with selecting 

and validating indicator species. 

Sampling methods have also been scrutinized in discussions of monitoring and scale. 

Spatial scale questions often raised include (i) should sampling be site-based? (ii) 

what size should sites or other sampling units be? and (iii) how should sampling 

locations be selected? The site-based sampling methods (i.e. 50 x 50m quadrats) used 

by Armstrong et al. (2002) and most of my own research are probably adequate for 

small, less mobile species, such as the small lizards in the indicator species list 

(Table 7.4). Indeed the procedures used are now standard for the region (e.g. 

Woinarski and Ash 2002; Woinarski et al. 2004) and have been used to assess 

biodiversity for a range of vertebrate groups including reptiles and birds (e.g. 

Woinarski et al. 1999; Woinarski et al. 2001a; Hannah et al. 2007). Nevertheless, 

these site-based methods are acknowledged as not being ideal for all species, with 

the larger and more mobile fauna (e.g. macropods, monitors and snakes) thought to 

be under-represented in samples (Woinarksi et al. 2004). Hence, surveys along 

transects have also been used (e.g. waterbirds – Morton et al. 1990, 1993; kangaroos 

– Lundie-Jenkins et al. 2003). 
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Temporal scale issues pose problems for the design of monitoring programs as well. 

Frequency of sampling is one concern, but another, which is certainly relevant for the 

issue of exotic grass invasion, is lag times in the effects on biodiversity. In other 

words, there is likely to be relationship between the duration of exotic grass 

infestation and severity of ecological impact, and hence statistically significant signs 

of minor impacts on biodiversity (i.e. ‗early warning‘ signs) may be difficult to 

demonstrate. It may also be very difficult to model or predict the long term 

implications of environmental disturbances such as exotic grass invasion (e.g. loss of 

native vegetation) if data are not yet available for areas with a ‗maximum‘ level of 

disturbance (e.g. savanna woodland sites infested with dense gamba grass for a 

sufficiently long period that all the trees have perished as a result of altered fire 

regimes and/or competition for resources). 

7.3.4. Summary and recommendations for biodiversity monitoring 

In summary, regardless of the management scenario (i.e. 1 – do nothing, 2 – targeted 

control and containment, 3 – intensive control and rehabilitation; see section 7.2.4), 

all of the monitoring approaches discussed above could be implemented and yield 

data which would be useful in assessing management decisions regarding the spread 

of para grass and gamba grass in the Mary River catchment. 

Direct monitoring of exotic pasture grasses, using aerial surveys or other remote 

sensing technology, has the potential to provide valuable information about the 

distribution of para grass and gamba grass within the catchment (or at larger spatial 

scales). This sort of monitoring may be particularly useful at identifying priority 

areas, such as new infestations, to be targeted under Scenarios 1 and 2. Modelling 

based on data derived from this sort of monitoring may also provide predictions 

about biodiversity implications in relation to the extent of exotic grasses. However, 

in order to obtain direct information on biodiversity attributes, on-ground field 

surveys would be required. 

Field-based biodiversity monitoring involving comprehensive flora and fauna 

surveys across a range of sites and undertaken at regular intervals (e.g. at least 

annually), would provide the highest quality data, but this is also a very costly 

option. While I have not attempted to estimate the actual cost of each approach, I can 
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provide a basic comparison of the time and resources that were used during my own 

aerial survey of gamba grass (see section 7.2 and Appendix III for details) and 

comprehensive flora and fauna surveys. In order to produce a distribution map of 

gamba grass within Wildman Reserve only (approximately 22000 ha), I estimate that 

the work was the equivalent of seven full days for one person, plus helicopter hire 

costs (i.e. total cost < $5000, without any equipment purchases or ground-truthing). 

Ground-based surveys to yield direct biodiversity data at the same sampling intensity 

and extent (i.e. full flora/fauna surveys within all habitats across the whole reserve, 

e.g. dozens of sites) would undoubtedly have cost several times more. This is 

because of the length of time and personnel required for each survey period (i.e. full 

surveys of 5-10 sites at a time require a minimum of two staff working up to 16 

hours per day, over 4-5 days, plus resource and travel costs, and laboratory/office 

time to process any collected specimens and collate data). The cost of establishing 

and sampling each site may be as much as $2000, with resampling as much as $1500, 

depending on accessibility (Whitehead et al. 2001). 

Clearly, a detailed biodiversity monitoring program involving high-intensity 

sampling across an extensive area is prohibitively expensive, hence less costly 

options are more likely to be implemented. Costs may be lessened by either reducing 

the number of sites sampled in each survey period (e.g. using rotation sampling), or 

by sampling fewer attributes (i.e. target a subset of indicator taxa). Using information 

from the conservation plan (Armstrong et al. 2002) and my own research, and the 

selection framework of Hilty and Merenlender (2000), a set of thirteen species were 

identified as potential indicators of the impact of para grass and gamba grass on 

biodiversity in the Mary River catchment. There is some debate in the literature 

surrounding the use and method of selection of indicator species for biodiversity 

monitoring. While I was able to arrive at a final list of thirteen species, the selection 

process highlighted some of the problems raised in the literature, such as the lack of 

detailed biological information available for many species, and only weak 

correlations between the abundance of indicator species and broader biodiversity 

attributes. Nevertheless, it was worthwhile considering all seven steps outlined in 

Hilty and Merenlender‘s (2000) framework. 
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To conclude, the design of any biodiversity monitoring program is challenging 

regardless of the location or threatening process(es) present. Regardless of the 

monitoring approach used, an important first step is to define clear objectives. For 

monitoring the impact of para grass and gamba grass on biodiversity, these 

objectives will vary depending on the broader management goals for each land use 

type. The optimal monitoring strategy would probably be one that utilises a 

combination of the approaches discussed above. Aerial surveys of the grasses 

themselves would provide distribution information which would be useful for 

planning the allocation of resources directed at removal or controlling spread. In 

order to obtain direct information regarding the status of biodiversity values but also 

keep monitoring costs down, on-ground field surveys using an ‗abbreviated‘ version 

of the standard comprehensive fauna surveys (i.e. including censuses of lizards and 

birds – the groups identified as potential indicators, but excluding mammals) could 

be undertaken. It may also be possible to have a dynamic monitoring program which 

can incorporate new sites (e.g. extra sites, such as in newly infested areas or locations 

undergoing rehabilitation) while keeping costs stable, through the use of a rotational 

sampling scheme. 

7.4. The future management of exotic pasture grasses 

The issue of exotic pasture grasses spreading into non-pastoral areas and degrading 

conservation zones must be addressed promptly through appropriate management 

actions. The existing legislative framework (principally the federal Environment 

Protection and Biodiversity Conservation Act, and Northern Territory‘s Pastoral 

Land Act, Weeds Management Act and Territory Parks and Wildlife Conservation 

Act) provides no clear prescription for the use of exotic pasture species, hence some 

legislative changes may be necessary to address the issue. The remainder of this 

section discusses the responses required at a range of levels that may potentially 

minimise the adverse ecological impacts of para grass and gamba grass. 
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7.4.1. Management at a range of levels 

Action at the national level 

An early step in the management of exotic plant species deemed to be a threat to 

natural systems is often their legal declaration as environmental ‗weeds‘ (see Chapter 

2 for a definition of weeds). At a national level, the potential for weeds to affect the 

sustainability of Australia‘s productive capacity and conservation of natural 

resources has been formally acknowledged by the Commonwealth government 

through initiatives such as the Australian Weeds Strategy (AWC 2006) and list of 

Weeds of National Significance (20 species; Thorp and Lynch 2000). Similar 

initiatives have been developed by state government agencies (e.g. NT Weeds 

Management Strategy 1996-2005 (Anonymous 1996)). These documents 

acknowledge that weeds pose a threat to the sustainability of natural resources and 

biodiversity, and advocate that prevention and early intervention through strategic 

environmental management is the most cost effective approach for minimising the 

impacts of weeds. 

Currently, neither para grass nor gamba grass are regarded as Weeds of National 

Significance (Thorp and Lynch 2000). This is in spite of an earlier Australia-wide 

assessment of environmental weeds which rated para grass among the most serious 

species (i.e. ‗category 1: critical – requiring urgent action‘ (Humphries et al. 1991)) 

and the first State of the Environment report identifying para grass as a threat to 

biodiversity (SEAC 1996). Humphries et al. (1991) also rated the ecosystems where 

para grass and gamba grass occur (i.e. tropical wetlands and monsoon savanna, 

respectively) as being among the most at risk from degradation by weed invasion 

(Humphries et al. 1991). However, sentiments towards para grass and gamba grass 

have changed in recent years. 

Growing concern over the ecological impacts of para grass, gamba grass and a 

number of other exotic pasture species, namely Olive hymenachne (Hymenachne 

amplexicaulis) and mission grass (Pennisetum polystachion), resulted in a 

nomination for this suite of exotic pastures as a Key Threatening Process under the 

Environmental Protection and Biodiversity Conservation Act, in October 2005 (S. 

Setterfield, pers. comm.). The nomination is currently being assessed by the federal 
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government‘s Department of Environment, Water, Heritage and the Arts (Federal 

Government) (J. Barnard, pers. comm.). If accepted, the listing may require the 

development of a national threat abatement plan. 

Furthermore, in 2008 a group of over 200 scientists and other concerned stakeholders 

presented a petition to the relevant State and Federal ministers calling for the 

declaration of gamba grass as a weed, and a ban on its sale and planting (nationally, 

or at least in northern Australia) (Anonymous 2008). Other recommendations 

included: comprehensive mapping across Queensland and the Northern Territory; the 

development and implementation of an integrated plan  to reduce and manage the 

threat of gamba grass across northern Australia (e.g. a Threat Abatement Plan); 

investigations into the influence of gamba grass-fuelled fires on greenhouse gas 

emissions; and implementation of strategies to reduce the risk of gamba grass fires to 

human life, infrastructure and indigenous cultural values (Anonymous 2008). 

The results of my own research certainly add weight to the case for para grass and 

gamba grass to be declared weeds under federal legislation. 

State or territory level action 

As with national-level management actions, the main avenue for tackling an 

environmental issue such as the threat of weeds or exotic plants at the state or 

territory level is through government recommendations or controls (i.e. state/territory 

legislation). In Western Australia, gamba grass was declared a weed in 2007 under 

the Agriculture and Related Resources Protection Act (Richardson 2007), but para 

grass is currently an undeclared species. Similarly in Queensland, gamba grass is 

now a Class 2 weed under the Land Protection (Pest and Stock Route Management) 

Act (QLDDPIF 2008). While Queensland government agencies acknowledge that 

para grass is a ‗threat to natural wetlands ecosystems‘ and is regarded as a weed in 

cane sugar cane growing areas (QLDDPIF 2007), it is not currently a declared weed 

species. This is in spite of an earlier assessment that ranked para grass number 42 on 

a list of the 200 most invasive weeds in south-east Queensland (Batianoff and Butler 

2002). 
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Nevertheless, attitudes towards para grass and gamba grass have started to change 

across most sectors. In the past, both exotic pasture species (along with many others) 

have been actively promoted by the relevant state and territory government agencies 

in northern Australia (i.e. primary industry departments of the NT, QLD and WA). 

Agencies such as the NT Department of Primary Industries and Fisheries (now part 

of the Department of Regional Development, Primary Industry, Fisheries and 

Resources - DRDPIFR) have provided information on how to successfully establish 

and manage para grass and gamba grass for livestock production (i.e. ‗Agnotes‘, see 

Cameron and Lemcke 1996, 2003, 2006, 2008). However, the revised technical notes 

now also include warnings that exotic pastures may cause ―ecological disruption‖, 

have ―the potential to become weeds in certain situations‖ (Cameron 2008). 

Furthermore, the DRDPIFR acknowledges that gamba grass ―poses a significant fire 

risk...because of its high fuel load‖ and recommends no new plantings of this pasture 

species (Lemcke and Cameron 2006). Even within the pastoral industry there is some 

consensus regarding the need for improved management and restrictions on the use 

of invasive introduced pasture species, including para grass and gamba grass 

(Anonymous 1998; Myers et al. 2003). 

The growing concern about gamba grass within the Territory government resulted in 

the Department of Natural Resources, Environment and the Arts producing a 

management guide to provide landholders with information on the removal, control 

and containment of gamba grass (NRETA 2006). Furthermore, a recently completed 

weed risk assessment rated para grass and gamba grass as being in the highest risk 

category in the NT (Setterfield et al. 2006). Despite its value to pastoralism in the 

Northern Territory, gamba grass was officially declared a weed (Class A/C, B/C) 

under the Weeds Management Act in November 2008. A draft management plan for 

the species is scheduled to be released for public comment in 2009 (Anderson 2008). 

Para grass remains an undeclared species in the Northern Territory (NRETA 2008). 

One of the most important consequences of formal weed declaration is that 

landholders are then required to undertake a range of management actions 

(depending on the particular weed classification), under the relevant legislation. 
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In the Northern Territory, a schedule of three weed classes (A/C, B/C and C) exists 

under the Weeds Management Act. The actions required for each class are as follows: 

Class A/C – not to be introduced/planted and to be eradicated (reasonable effort must 

be made to eradicate the plant within the NT); Class B/C -- not to be 

introduced/planted and growth and spread to be controlled (reasonable attempts must 

be made to contain the growth and prevent the movement of the plant); and Class 

C—not to be planted/introduced to the NT (NRETA 2008). The weed legislation also 

has the provision for different classifications to be applied to particular locations. 

This is the situation for gamba grass, where a ‗management‘ (Class B/C) zone has 

been declared for areas between Darwin and Katherine (including the Mary River 

catchment), and an ‗eradication‘ (Class A/C) zone across the remainder of the 

Northern Territory (Anderson 2008). 

In Queensland, the Class 2 declaration for gamba grass requires land owners 

(including local governments) to control the plant on their land and eradicate isolated 

and small infestations. Under this classification landholders with plantations 

established for cattle feed are permitted to maintain these areas but are required to 

prevent seeding and spread, and must take responsibility for the control of 

unmanaged infestations on their land (QLDDPIF 2008). In Western Australia, the 

‗P1/P2‘ classification of gamba grass prohibits the movement of plants or seeds 

within the state, and of any contaminated machinery, produce, livestock or fodder. 

Landholders must therefore manage infested areas in such a way as to prevent the 

spread of the weed and also eradicate infestations to destroy and prevent propagation, 

each year until no plants remain (Richardson 2007). 

Catchment and property scale action 

In the Mary River catchment and elsewhere across the Northern Territory, 

management of para grass and gamba grass at the catchment and individual property 

scale is highly varied. Management ranges from none at all (e.g. vacant rural 

properties); to minimal management, such as mowing or slashing or spraying with 

herbicide, for the purpose of maintaining road access and/or fire breaks (e.g. on some 

government land such as road sides, private non-pastoral properties); to active 

management of grazing paddocks (i.e. to maintain the pasture); and to intensive 
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removal and rehabilitation (e.g. by private landholders dedicated to eradicating 

exotic plant species and maintaining ‗natural‘ habitats in order to conserve 

biodiversity). On pastoral leases in the Mary River catchment, both para grass and 

gamba grass are utilised as cattle fodder and are currently managed with the primary 

aim of retaining productive and sustainable grazing land (i.e. paddocks are not 

overgrazed, are spelled during the wet season, and fires are excluded on floodplain 

pastures). Concern about minimising the risk of damaging fires fuelled by gamba 

grass is shared by land managers across all sectors and hence pastoralists undertake 

additional management of their boundaries (e.g. slashing to create buffer zones and 

fuel reduction burning, pers. obs.). 

On non-pastoral land (in particular, the conservation zones), little attention has been 

paid to para grass, although some grazing management practices (e.g. wet season 

spelling) are employed in the areas of reserved land where grazing is permitted (i.e. 

the Mary River Conservation Reserve, in the north-west of the catchment, see Figure 

1.1 in Chapter 1). For gamba grass, some control and removal has occurred on non-

pastoral land, but historically, Mimosa pigra infestation have been the main focus of 

weed control efforts. Gamba grass has been more actively managed on reserves and 

other non-pastoral properties in recent years because of the widespread recognition 

of its status as a fire hazard. 

In the Mary River region, catchment-wide planning began when the Northern 

Territory Government ordered an enquiry from the Sessional Committee on the 

Environment to investigate matters relating to environmental protection and multiple 

use of wetlands associated with the Mary River system (NTLASCE 1995) (see 

Chapter 1 for more details). The report provided clear recommendations regarding 

the use of improved (exotic) pastures (Table 7.5). 
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Table 7.5. Recommendations of the Sessional Committee on the Environment report 

on environmental protection and multiple use of wetlands in the Mary River system, 

regarding the use of improved pastures (after NTLASCE 1995). 

1 That no exotic pasture species be planted on the floodplain except as part of 

an integrated Mimosa pigra control program and that the spread of existing 

exotic pasture on the floodplain is not actively encouraged 

2 That landholders use native pasture species to rehabilitate areas of floodplain 

degraded by saltwater intrusion or Mimosa pigra 

3 That guidelines be developed in conjunction with all landholders in the 

catchment on the choice of pasture species, the most appropriate sites, method 

of establishing, and proper management of improved pastures on upland 

country 

4 That alternative pasture species to gamba grass be identified and that these 

species be actively promoted as suitable alternatives 

5 That the cost of improving the upland country with improved pasture and the 

associated ongoing management costs be determined so that the full marginal 

returns on investment are clear, together with the time frame involved 

6 That all proposals by landholders to develop areas of ponded pastures on the 

floodplain be assessed for environmental impacts. 
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Following this report, private landholders and other stakeholders were directly 

involved in the planning and management process during a workshop which led to 

the development of the Integrated Catchment Management Plan (ICMP). The ICMP 

identified additional issues in relation to the use of exotic pastures, including the 

destocking of degraded areas as an alternative to sowing exotic pastures to allow 

natural regeneration, and the use of buffer strips of native vegetation to limit the 

spread of exotic pastures near property boundaries and/or sensitive wildlife areas 

(Anonymous 1998). The ICMP also recommended the development of voluntary 

guidelines for the management of exotic pastures. 

However, despite the recommendations of the ICMP and NTLASCE (1995) report 

for the development of guidelines for use of exotic pastures, these have not 

subsequently translated into policy, regulation or a code of practice. Hence, universal 

protocols for the management of para grass and gamba grass across the catchment 

have not been formally implemented. 

Outside the Mary River catchment, there have been some initiatives addressing the 

issue of the use of exotic pasture grasses. Importantly, the Pastoral Land Board (NT 

government) commissioned a discussion paper investigating the development of 

protocols for the use of exotic pastures (see Woinarski and Mollah 2004). This report 

presented series of recommendations in the form of guiding principles, a guiding 

rule, and a protocol for the use of, and assessment of applications to use, exotic 

pasture plants. The proposed guiding rule was: 

―Exotic pasture plants should be permitted to be used if and only if:  

(1) they do not spread from the property on which they are sown to 

neighbouring lands, and  

(2) they do not devalue significant environmental attributes on the 

property to which they are introduced.‖ 

     (Woinarski and Mollah 2004) 
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Particular reference was made to para grass and gamba grass, acknowledging these 

species as being invasive and detrimental to the environment, and a recommendation 

was made that neither species be allowed to be further sown in the Northern 

Territory (Woinarski and Mollah 2004). Also of relevance to these pasture species 

was the following advice in the ‗Recommended Protocol‘: 

―Those exotic pasture plants assessed as having moderate to high weed risk, 

or for which invasiveness and environmental detriment has been shown in the 

Territory, should not be allowed to be used except with approval from the 

Pastoral Land Board where this approval is based on the proponents: 

(a) having a detailed Environmental Management Plan or Property 

Management Plan  that describes the need for, use of and 

remedial control of that species; 

(b) having demonstrated that native or exotic plant species of less risk 

cannot practicably be substituted; 

(c) ability to demonstrate that no significant environmental value on 

the property is likely to be harmed;  

(d) ability to guarantee that no escape from the property will occur 

(in practice this should involve sowing in areas well away from 

property boundaries and well away from any watercourses that 

flow through the property).‖ 

(Woinarski and Mollah 2004). 

 

This report is currently a ‗Discussion Paper‘, hence, it has not been endorsed by the 

Northern Territory government and its recommendations have not been implemented 

in any formal way. 

Lastly, initiatives promoting the voluntary control of exotic pastures have originated 

from the non-government sector, namely the land managers themselves. For 

example, growing community concern about the environmental impacts of gamba 

grass in the rural area around Darwin and elsewhere in the NT led to the formation of 

an action group in 2005 (the ‗Gamba Action Group‘). The group is comprised of 

private land holders and has a team of scientific advisors that assist with the 

provision of practical information on gamba grass eradication and rehabilitation 

(GAG 2008). Additional aims of this group are: promoting an understanding of the 

threat of gamba grass to bushland and convincing governments at all levels of the 

need for appropriate legislation and funding for control. The GAG has been working 
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to achieve these aims by encouraging community participation and through media 

campaigns (e.g. television commercials and print media) (GAG 2008). 

To sum up, shifting community attitudes towards para grass and gamba grass appear 

to be contributing to legislation and/or management changes at a range of levels. The 

recent declaration of gamba grass as a weed in the Northern Territory (and 

Queensland and Western Australia) will potentially result in the widespread control 

or removal of this invasive species across northern Australia during the coming 

years. However for para grass, landholders are unlikely to change their current 

management practices and step up efforts to control or remove this species unless 

they are legally required to do so (i.e. until para grass is also a declared weed). 

Approaches for control of para grass and gamba grass are discussed in the next 

section. 

7.4.2. Methods of control 

For any unwanted plant species, there is usually a range of methods available for 

their eradication or containment. A fundamental consideration is the prevention of 

spread into ‗clean‘ areas. This may be achieved by quarantining an infested area, 

hygiene and controlling feral animals that may disperse seeds and propagules (Smith 

2002). Hygiene should involve the inspection and washing of all vehicles, watercraft, 

machinery and footwear used in affected areas. It may also be necessary to ensure 

that livestock and soil being moved within or outside a property are free from 

unwanted seeds. Beyond quarantine and hygiene, weed control methods used in the 

Northern Territory include physical (e.g. hand pulling, grubbing or chaining), 

chemical (i.e. herbicide), biological (e.g. insects or fungal pathogens) and land 

management (e.g. grazing, fire, revegetation) (Smith 2002). An integrated approach, 

utilising several techniques, has often been found to be most effective. For example, 

successful management of the woody weed Mimosa pigra has been achieved using 

an integrated approach involving chaining, controlled burning, herbicide (aerial and 

on-ground) application, the release of biological control agents, revegetation and 

reducing grazing intensity (Myers et al. 2003). 
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A subset of these techniques are appropriate for the control of para grass and gamba 

grass (i.e. chaining is unsuitable and biological controls are yet to be developed for 

these species). Different control methods for each species are discussed below. 

Para grass 

Para grass can be controlled using herbicide (foliar spraying), fire, grazing, 

manipulation of environmental factors, and revegetation (i.e. with native species, 

following removal), (Smith 2002; Cameron and Lemcke 2008). Douglas et al. (2001) 

found that aerial spraying of Roundup ® Biactive (active constituent 360 g/l 

glyphosate, present as the isopropylamine salt), effectively removed aboveground 

biomass (over 90%) of para grass, at a range of concentrations. Hence, large-scale 

application of this herbicide could potentially kill extensive stands of para grass, 

although follow-up management (namely repeat spraying and revegetation with 

native species) would be necessary to prevent re-invasion (Douglas et al. 2001). 

However, the potential environmental impact of herbicide application must also be 

considered. Roundup ® Biactive is the only herbicide registered for use in aquatic 

weed control. Douglas et al. (2001) found no detectable adverse effects on 

invertebrates or fish in Kakadu National Park. The impact of glyphosate on frogs 

appears to be variable though, with some studies reporting that it is non-toxic (e.g. 

Mann and Bidwell 1999) and others demonstrating high mortality rates (up to 86%) 

(e.g. Relyea 2005). In light of the possible effects of widespread herbicide use on 

non-target organisms, it is fortunate that other options are available for the control of 

para grass. 

In most habitats, fire has the potential to damage or kill vegetation across substantial 

areas and this is also the case in floodplain environments. Late in the dry season, 

particularly when grazing has been limited and deep layers of organic matter have 

accumulated, floodplain vegetation (including para grass) can carry hot fires. Unlike 

in the adjacent savanna habitats, where controlled burns are routinely conducted in 

order to reduce fuel loads, land managers are reluctant to start fires in floodplain 

systems because of difficulties with their containment. For example, Townsend 

(2003) reported that floodplain fires on his pastoral property can ―burn like peat‖ and 

spread rapidly, killing extensive patches of vegetation (Townsend 2003). Similarly, 

Whitehead (2003) reported on three late dry season fires that occurred in the Mary 
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River floodplains in the early 1990s, which killed large areas of the native pasture, 

Hymenachne acutigluma, and suppressed its regrowth for several years post-fire. 

Cameron and Lemcke (2008) reported that hot fires have ‗dramatically thinned out‘ 

stands of para grass and that regeneration was very slow. In contrast, Douglas et al. 

(2001) reported that para grass recovered rapidly after fire. Therefore, as large areas 

of floodplain can be left denuded or sparsely vegetated for some years following a 

hot, late dry season fire, and consequently grazing productivity is adversely affected, 

pastoralists generally seek to exclude fire. Nevertheless, some pastoralists believe 

floodplain fires can be beneficial every two to three years, if they occur before the 

ground becomes too dry (Townsend 2003). The risk of accidental fires is generally 

managed by using grazing to remove excess plant biomass (Whitehead 2003). 

In addition to excluding fire, sustainable floodplain grazing management involves the 

relocation of cattle onto higher areas in the late dry season or early wet season (i.e. 

spelling the floodplain grazing areas). This is done in order to ―...give the grasses a 

fair start with the water, as they will drown if the water level rises too fast and their 

growth rate can‘t keep up...‖ (p. 14, Townsend 2003). Indeed, advice given in the 

Northern Territory Government‘s ‗Agnotes‘ regarding the management of para grass 

and other vegetation, stresses that floodplains should not be grazed too heavily, cut 

or burnt late in the dry season or early in the wet season to prevent the grasses 

drowning from rapid inundation (Cameron and Lemcke 2003; 2008). 

From a weed control perspective, knowledge of the effects of grazing and fire could 

potentially be used to eradicate large areas of para grass. For example, para grass 

stands could be mowed, heavily grazed (i.e. at a higher stocking rate than the 

recommended one animal per 1.5-2 hectares; Cameron and Lemcke 2008), or burnt 

(provided the fire could be prevented from spreading into non-infested areas), at 

precisely the time of year to maximise the chance of ‗drowning‘. Appropriate follow-

up management should then occur in the subsequent dry season. This may involve 

monitoring for signs of regrowth with physical and/or chemical removal of para 

grass (or other weeds), as necessary; revegetation with native species, and 

suppression of grazing and/or impact by feral animals (e.g. using fencing or 

shooting/baiting of feral buffalo or pigs). 



Chapter 7. Future impacts, monitoring and management strategies 

360 

Another approach to para grass control that may be useful in certain circumstances is 

riparian shading. The efficacy of this technique was demonstrated by Bunn et al. 

(1998) in a north Queensland study in which shade cloth was used to mimic the 

effect of shading by a riparian tree canopy over stream channels dominated by para 

grass. Shading did not kill the para grass but significantly reduced plant biomass 

(Bunn et al. 1998). In a floodplain environment, control by shading, using naturally 

occurring tree species (e.g. Melaleuca spp. or Barringtonia acutangula), may be 

appropriate in locations where para grass has spread along channels or drainage lines 

(e.g. around the edges of the floodplain). Control by shading may be a long-term, 

cost effective and ecologically sound way to contain (if not remove) para grass, in 

some situations, but it is not appropriate for the extensive (treeless) floodplain 

habitats. 

In summary, a range of methods are available to contain and/or eradicate para grass. 

However, as mentioned earlier, in the absence of legislative changes regarding the 

weed status of para grass, widespread removal of this species on unreserved land is 

unlikely to occur. Even if para grass was to be awarded the same weed classification 

as gamba grass (i.e. Class A/B, A/C), maintenance of existing para grass grazing 

paddocks on pastoral land would probably still be permitted under the current Weeds 

Management Act. 

Gamba grass 

Knowledge of how to manage and/or remove gamba grass is reasonably well-

established, not only because of its long history of use in the pastoral industry, but 

also because efforts to eradicate it on non-pastoral lands have been under way for 

several years. The Northern Territory government‘s Gamba Management Guide 

(NRETA 2006) provides detailed advice regarding the management of gamba grass 

at the property scale. It recommends the development of an action plan centred 

around four key objectives, depending on the type of land use and density and 

distribution of gamba grass: (1) prevention of seed movement; (2) eradication of 

small infestations; (3) containment of spread of large infestations and (4) 

containment and active management of gamba grass on pastoral land (NRETA 

2006). 
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On pastoral land, grazing is the main method used to control gamba. Light grazing is 

recommended in the early wet season, with heavier stocking rates (4-5 animals per 

hectare) for the remainder of the season to keep gamba grass height below about 

90cm (Cameron and Lemcke 2006). Gamba grass tends to be avoided by cattle and 

buffalo once it becomes tall, mature and coarse at the end of the wet season. Early 

dry season burning is recommended to ‗rejuvenate paddocks and remove tall rank 

growth‘ (Cameron and Lemcke 2006). 

In areas where gamba grass removal is required (i.e. along boundaries of pastoral 

properties and on non-pastoral land), a combined approach using physical and 

chemical control methods is typically employed. Large areas of gamba grass are 

often slashed or mown. For smaller infestations, hand pulling or grubbing is used to 

remove individual plants with their entire root mat. Herbicide application (foliar 

spraying of glyphosate) is recommended before plants set seed (about May) and 

when leaves are at least 40cm long to enable sufficient uptake by the plant (NRETA 

2006). Wet season burning may also be used after herbicide application (i.e. 

herbicide treatment creates enough dry matter to carry a low intensity fire). Burning 

may improve access to infestation for slashing or spraying and provides a level of 

control of gamba grass seedlings (NRETA 2006). 

The recent declaration of gamba grass as a weed under the Weeds Management Act 

means that landholders are now legally required to either eradicate or ‗manage‘ this 

species, depending on location. As a consequence, gamba grass control efforts will 

become more widespread and this could potentially lead to improvements of existing 

techniques (e.g. a better understanding of timing or rates of herbicide application), or 

the development of new methods (e.g. biological control agents) for removing and/or 

containing this invasive species. 
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The importance of planning 

Regardless of the particular method employed, the development of a plan of action is 

an essential first step in weed control. Some important questions that should be 

addressed in weed management planning include: 

 What is the overall goal? e.g. complete removal and rehabilitation? 

reduced biomass or spread? containment of infestation within a 

particular zone? 

 Which control method(s) are appropriate? 

 What are the priority locations for control efforts? 

 When should control occur? i.e. do seasonal or weather factors need 

to be considered? 

Goals for the management of para grass and gamba grass will differ across 

geographic locations (e.g. the ‗management‘ and ‗eradication‘ zones for gamba 

grass) and land use classifications. The selection of control method(s) will also 

depend on land use and other factors, such as the extent of infestation and 

topography. Similarly there are likely to be differences in the way land managers 

across various sectors prioritise control efforts, because of differences in overall 

property management goals and operating funds or resources. For example, a gamba 

grass management plan for a pastoral property in the ‗management‘ zone (i.e. with 

existing gamba grass grazing paddocks) would be quite different from that of a 

conservation reserve located in the ‗eradication‘ zone. 

A common objective of many weed management plans and across all land use 

sectors is the control of spread into unaffected areas. Spread modelling of para grass 

in the Mary River catchment suggests that the control of satellite populations appears 

to reduce the risk of future invasion to a greater extent than management efforts 

focused only on the edges of a larger infestation (Ferdinands 2007). These results 

were consistent with well established weed management theory (e.g. Moody and 

Mack 1988). While similar assessments have not been done for gamba grass, 

targeting satellite infestations of this species also seems sensible. Therefore, 

regardless of the broader weed management goals at the property or catchment scale, 
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the removal of smaller infestations and satellite populations of para grass and gamba 

grass is likely to be cost-effective, and hence should be a priority. 

The timing of weed control efforts is another aspect of planning that requires careful 

consideration. The life cycles and growth patterns of many plant species (including 

weeds) found in the floodplains and savanna woodlands of northern Australia are 

strongly influenced by the monsoonal climate (Dunlop and Webb 1991; Cowie et al. 

2000). This pronounced seasonality has implications for weed management with 

respect to the effectiveness of control actions and risk of adverse effects on non-

target organisms. For example, attempts to remove stands of para grass through 

‗drowning‘ would be more likely to succeed if grazing occurs up to and including the 

start of the wet season, rather than cattle being removed too soon and allowing 

sufficient regrowth for plants to survive inundation. 

For optimal results weed control using herbicide must also take place at the 

appropriate time(s) of the year in relation to growth periods and the timing of seed 

set. Throughout northern Australia, the best time for foliar herbicide application is 

during the wet season. However, the wet season is high-growth time for many native 

plant species and hence treatment using non-selective herbicides, such as glyphosate, 

may result in greater off-target damage. A recent study by Brooks et al. (2006) 

compared the impact of herbicide on non-target plant groups under early (January) 

and late (April) wet season spraying regimes. Preliminary results of the study 

suggested that negative impacts on native annuals, geophytes and shrubs were less 

severe after the late spray. Similarly, many animals breed during the wet season and 

herbicide use in habitats with sensitive species should be timed to minimise impacts. 

For example, herbicide application for para grass control could be delayed until late 

in the wet season (e.g. April) to prevent damage to non-target vegetation during the 

peak frog breeding period (early wet season) (Tyler et al. 1983). Therefore, based on 

the available evidence from limited research on this issue, it appears as though the 

optimal timing of application of herbicide for the control of both para grass and 

gamba grass may be late in the wet season. 
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To sum up, efforts to control para grass and gamba grass are likely to intensify in the 

coming years as awareness of the potential environmental impacts of these invasive 

pasture plants grows. For both exotic pasture species, the current control methods 

have the potential to meet the various management goals that exist across different 

land use sectors. However, new and improved methods may be developed as control 

efforts become more widespread, particularly for gamba grass as it is now a declared 

weed. Regardless of the particular management objectives for properties within the 

Mary River catchment, the catchment as a whole, or other areas affected by para 

grass and gamba grass, success in achieving these goals is likely to be underpinned 

by good planning in the early stages of weed control. 

7.4.3. Adaptive management of exotic pasture grasses 

―Adaptive management‖ is an approach developed in the 1970s and can be simply 

defined as ―learning by doing‖ (see Holling 1978; Walters and Holling 1990).  

Adaptive management is promoted as being well suited to large-scale environmental 

issues, and its key principles are that management should: 

 consider a variety of different strategies; 

 favour actions that are informative, reversible and robust to uncertainty; 

 experiment with the system; 

 validate the assumptions underlying management decisions; 

 monitor the results of management; and 

 modify decisions and management practices regularly in the light of new 

information (after Burgman and Lindenmayer 1998). 

 

Early uses of adaptive management were for the management of harvested wildlife 

(e.g. fisheries and waterfowl in North America; Walters and Holling 1990), but it has 

also been adopted as a strategy for weed control. 
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Randall (1996) summarised the key steps in adaptive management for weed control 

as:  

1. establish management goals and objectives; 

2. identify plant species that threaten management goals (i.e. the ―weeds‖) and 

assign priorities based on the severity of potential impact; 

3. determine the appropriate control methods; 

4. develop and implement a weed management plan designed to move 

conditions towards the management goals; 

5. monitor and evaluate the outcomes of management actions in relation to their 

effectiveness in achieving goals; and 

6. use the information gained from the above process to modify and improve 

priorities, control methods and plans (i.e. ―learn by doing‖ and go back to 

Step 1). 

 

Adaptive management would be a highly appropriate strategy for para grass and 

gamba grass management in the Mary River catchment. The iterative nature of 

adaptive management allows for various control methods to be trialled and evaluated 

in relation to goals, even if management goals differ across land-use types. 

7.5. General conclusions 

The need for this study arose in response to concerns that the activities of one land-

use sector (pastoralism) may be at odds with the wider conservation goals of the 

Mary River catchment – in other words, multiple-use may not be working. There was 

a particular need for research to assess the impact of exotic pasture grasses used on 

pastoral properties on biodiversity values, especially where these grasses had invaded 

natural habitats adjacent to conservation land. My study has provided the first 

quantitative research on the effects of para grass and gamba grass invasion on the 

diversity and abundance of terrestrial vertebrate fauna. 

The results of my research indicate that para grass and gamba grass pose a significant 

threat to the region‘s biodiversity. Species richness of most faunal groups and 
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abundance of many species (particularly small reptiles and birds) was lower in areas 

where para grass and gamba grass cover had reached high densities, in comparison 

with similar, non-infested habitats. Very few species stand to benefit from the on-

going presence of exotic pasture grasses. 

However, these grasses (particularly para grass) are still regarded as valuable cattle 

fodder by the pastoral industry and therefore resistance to the idea of widespread 

eradication is understandable. A major problem with resolving the argument about 

exotic pasture grasses is the fact that the values affected by the grasses across 

different land use sectors are not readily comparable. It is relatively straightforward 

to assess the economic costs of sowing and the gain from using exotic pastures, but 

these dollar values cannot be easily equated with biodiversity costs or risks 

associated with changed fire regimes. In addition, the assessments of economic 

benefits may be unstable, depending on global beef market prices, and assuming 

maintenance of productive capacity. Another issue is that differences exist among 

stakeholders in the time-scales of interest. Short-term profitability may be more 

important than long-term sustainability for some individual pastoralists, whereas 

government regulatory bodies and other land users may prefer to focus on the latter. 

Furthermore, there is a substantial lag in the impacts of para grass and gamba grass – 

while their economic benefits may be apparent immediately, their detrimental 

environmental effects may not be realised for some time and may be difficult to 

predict. 

At a national level, the Environment Protection and Biodiversity Conservation Act 

stipulates that ―lack of full scientific certainty should not be used as a reason for 

postponing a measure to prevent degradation of the environment where there are 

threats of serious or irreversible environmental damage.‖ The land managers and 

policy makers of northern Australia should also adopt this precautionary principle 

with respect to para grass and gamba grass, and take action now rather than waiting 

for stronger evidence of ecological impacts. I suggest that efforts to control, remove 

or contain para grass and gamba grass, particularly on pastoral properties, need to be 

improved in order to meet the broader conservation goals of the ICMP (i.e. no loss of 

species and maintenance of large populations of the dominant fauna and flora). At 

the very least, there needs to be better containment of exotic pastures within 
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designated grazing areas (e.g. wider buffer zones on boundaries of paddocks) and 

additional resources directed to the eradication of satellite infestations. On 

conservation land, removal of para grass and gamba grass followed by appropriate 

rehabilitation should be made a high priority through a substantial increase in the 

funding and resources directed at these activities. Adaptive management would be an 

appropriate strategy for the future management and monitoring of biodiversity 

impacts of exotic grasses in the Mary River catchment. Funds permitting, the best 

monitoring strategy would probably be one that involves a combination of direct 

monitoring of the exotic grasses (e.g. aerial surveys), and on-ground flora and fauna 

surveys (possibly streamlined to target indicator groups only). 

While my study has provided the first vital research regarding the impacts of para 

grass and gamba grass on biodiversity, many knowledge gaps still remain. A high 

priority should simply be on-going fauna surveys using similar methods to those 

used in my study, as a way of providing additional data for evaluating biodiversity 

impacts over the longer term. The underlying mechanisms of exactly how native 

fauna are affected by these invasive grasses are still poorly understood. Further 

research that examines the utilisation (or avoidance) of para grass and gamba grass 

by native animals (e.g. detailed autecological, diet, or movement studies) has the 

potential to substantially improve our understanding of the mechanisms of impact 

and this information may also be useful for planning control and rehabilitation 

actions. In addition, little is known about the effects on invertebrates (particularly 

arboreal and flying species), and given that these organisms represent a very large 

proportion of overall biodiversity, research targeting invertebrates is certainly 

warranted. Furthermore, I support the recommendation of Ferdinands (2007) for 

further studies aimed at improving the distribution and rates of spread models for 

para grass and gamba grass, as these may assist with the prioritisation of control 

actions. Lastly, control methods themselves could also be improved through on-

going experimental research (e.g. on rates and timing of herbicide application). In 

particular, the possibility of developing biological control agents should be 

investigated. 

My study has made an important contribution to the growing body of evidence that, 

through the displacement of native plant species, altered fire regimes and the flow-on 
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effects on wildlife, these invasive grasses have the potential to impact substantially 

on natural environments in the Mary River catchment and more broadly across 

northern Australia. I am hopeful that the region‘s land managers and government 

policy makers can rise to the challenge and take action to halt the spread of para 

grass and gamba grass, so that their full geographic distribution is not realised, and 

very widespread environmental impacts associated with their presence are prevented. 

It is heartening to know that the findings of my research have already influenced 

weed policy in the Northern Territory, as evidenced by the recent declaration of 

gamba grass as a weed. Hopefully, the results will also be considered during future 

planning and management for the Mary River catchment, and therefore my study will 

contribute to the preservation of this region‘s unique and substantial biodiversity 

values. 
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Table I. Generalised Linear Modelling results of general ground cover and termite mound variables versus gamba grass cover, grazing and fire 

disturbance. Models used GAMBA, GRAZ and FIRE as predictor variables and were constructed as follows: 1: response variable ~ GAMBA; 2: 

response variable ~ GAMBA + GRAZ; 3: response variable ~ GAMBA + FIRE; 4: response variable ~ GAMBA + GRAZ + FIRE. Results 

shown
$
 are coefficients, t values and associated probabilities for each predictor variable (statistically significant results are indicated by * for 

P<0.01 or ** for P<0.001); and % deviance explained
^
 by each model. Percentage cover variables (including GAMBA) were arcsine-transformed

^
. 

All models used a Gaussian error distribution with identity link. Paddock sites (dry: n=5, wet: n=4) were excluded from analyses of log cover, 

native juvenile tree cover, leaf and coarse litter cover. 

Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

bare grnd 

cover 

1 14.0 -0.48, t=-1.89, 

df=22, P=0.07 

   35.9 0.32, t=3.43, 

df=21, P<0.01* 

  

 2 14.8 -0.43, t=-1.49, 

df=21, P=0.15 

-0.02, t=-0.46, 

df=21, P=0.65 

  45.0 0.23, t=2.30, 

df=20, P=0.03 

0.04, t=1.82, 

df=20, P=0.08 

 

 3 57.2 -0.09, t=-0.42, 

df=21, P=0.68 

 0.15, t=4.61, 

df=21, P<0.001** 

 37.0 0.33, t=3.42, 

df=20, P<0.01* 

 -0.03, t=-0.60, 

df=20, P=0.56 

 4 58.8 -0.14, t=-0.65, 

df=20, P=0.52 

0.03, t=0.87, 

df=20, P=0.40 

0.16, t=4.61, 

df=20, P<0.001** 

 45.8 0.20, t=1.66, 

df=19, P=0.11 

0.05, t=1.75, 

df=19, P=0.10 

0.03, t=0.52, 

df=19, P=0.61 

log cover 1 <0.1 0.001, t=0.04, 

df=17, P=0.97 

   14.4 -0.04, t=-1.69, 

df=17, P=0.11 

  

 2 17.0 -0.001, t=-0.05, 

df=16, P=0.96 

-0.01, t=-1.81, 

df=16, P=0.09 

  37.5 -0.06, t=-2.57, 

df=16, P=0.02 

0.03, t=2.43, 

df=16, P=0.03 

 

 3 0.7 0.0003, t=0.01, 

df=16, P=0.99 

 0.002, t=0.35, 

df=16, P=0.73 

 14.5 -0.04, t=-1.21, 

df=16, P=0.24 

 -0.001, t=-0.03, 

df=16, P=0.98 

 4 17.6 -0.002, t=-0.07, 

df=15, P=0.95 

-0.01, t=-1.75, 

df=15, P=0.10 

0.002, t=0.33, 

df=15, P=0.75 

 37.5 -0.06, t=-1.95, 

df=15, P=0.07 

0.02, t=2.35, 

df=15, P=0.03 

0.001, t=0.09, 

df=15, P=0.93 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

total plant 

cover
a
 

1 36.1 0.46, t=3.52, 

df=22, P<0.01* 

   3.1 0.07, t=0.83, 

df=21, P=0.42 

  

 2 55.8 0.30, t=2.48, 

df=21, P=0.02 

0.06, t=3.06, 

df=21, P<0.01* 

  10.6 0.01, t=0.12, 

df=20, P=0.91 

0.03, t=1.29, 

df=20, P=0.21 

 

 3 69.7 0.25, t=2.49, 

df=21, P=0.02 

 -0.08, t=-4.83, 

df=21, P<0.001** 

 3.6 0.07, t=0.72, 

df=20, P=0.48 

 0.01, t=0.31, 

df=20, P=0.76 

 4 77.1 0.18, t=1.95, 

df=20, P=0.07 

0.04, t=2.54, 

df=20, P=0.02 

-0.07, t=-4.32, 

df=20, P<0.001** 

 18.6 -0.07, t=-0.61, 

df=19, P=0.55 

0.05, t=1.87, 

df=19, P=0.08 

0.06, t=1.37, 

df=19, P=0.19 

native ann. 

grass cover 

1 n. a.
b
     36.1 -0.44, t=-3.44, 

df=21, P<0.01* 

  

 2      39.5 -0.52, t=-3.61, 

df=20, P<0.01* 

0.04, t=0.29, 

df=20, P=0.26 

 

 3      37.8 -0.46, t=-3.49, 

df=20, P<0.01* 

 0.04, t=0.75, 

df=20, P=0.46 

 4      49.8 -0.68, t=-4.27, 

df=19, P<0.001** 

0.08, t=2.13, 

df=19, P=0.05 

0.12, t=1.91, 

df=19, P=0.07 

native per. 

grass cover 

1 13.5 -0.25, t=-1.85, 

df=22, P=0.08 

   53.7 -0.46, t=-4.94, 

df=21, P<0.001** 

  

 2 24.0 -0.35, t=-2.47, 

df=21, P=0.02 

0.04, t=1.70, 

df=21, P=0.10 

  53.8 -0.47, t=-4.32, 

df=20, P<0.001** 

0.01, t=0.19, 

df=20, P=0.85 

 

 3 60.7 -0.46, t=-4.56, 

df=21, P<0.001** 

 -0.08, t=-5.03, 

df=21, P<0.001** 

 53.7 -0.46, t=-4.7, 

df=20, P<0.001** 

 0.003, t=0.08, 

df=20, P=0.94 



Appendix I 

399 

Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 4 61.9 -0.48, t=-4.56, 

df=20, P<0.001** 

0.01, t=0.79, 

df=20, P=0.44 

-0.08, t=-4.47, 

df=20, P<0.001** 

 53.9 -0.49, t=-3.44, 

df=19, P<0.01* 

0.01, t=0.29, 

df=19, P=0.76 

0.01, t=0.23, 

df=19, P=0.82 

native sedge 

cover 

1 n. a.
b
     10.6 0.07, t=1.58, 

df=21, P=0.13 

  

 2      10.6 0.07, t=1.36, 

df=20, P=0.19 

-0.0003, t=-0.03, 

df=20, P=0.98 

 

 3      13.5 0.08, t=1.72, 

df=20, P=0.10 

 -0.02, t=-0.82, 

df=20, P=0.46 

 4      15.2 -0.68, t=-4.27, 

df=19, P<0.001** 

0.08, t=2.13, 

df=19, P=0.05 

0.12, t=1.91, 

df=19, P=0.07 

other native 

sp. cover 

1 11.6 -0.05, t=-1.71, 

df=22, P=0.10 

   2.0 -0.06, t=-0.65, 

df=21, P=0.52 

  

 2 22.2 -0.07, t=-2.37, 

df=21, P=0.03 

0.01, t=1.68, 

df=21, P=0.11 

  2.0 -0.06, t=-0.59, 

df=20, P=0.56 

0.002, t=0.06, 

df=20, P=0.95 

 

 3 22.8 -0.08, t=-2.36, 

df=21, P=0.03 

 -0.01, t=-0.096, 

df=21, P=0.10 

 2.0 -0.06, t=-0.63, 

df=20, P=0.54 

 0.003, t=0.06, 

df=20, P=0.95 

 4 28.0 -0.09, t=-2.63, 

df=20, P=0.02 

0.01, t=1.20, 

df=20, P=0.24 

-0.01, t=-1.28, 

df=20, P=0.22 

 2.1 -0.07, t=-0.55, 

df=19, P=0.59 

0.004, t=0.12, 

df=19, P=0.91 

0.01, t=0.12, 

df=19, P=0.91 

native juv. 

tree cover 

1 20.4 -0.15, t=-2.08, 

df=17, P=0.05 

   34.6 -0.16, t=-3.00, 

df=17, P<0.01* 

  

 2 23.0 -0.15, t=-2.09, 

df=16, P=0.05 

-0.01, t=-0.75, 

df=16, P=0.46 

  36.1 -0.17, t=-2.99, 

df=16, P<0.01* 

0.01, t=0.63, 

df=16, P=0.54 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 3 20.6 -0.15, t=-2.03, 

df=16, P=0.06 

 0.08, t=0.23 

df=16, P=0.82 

 35.7 -0.17, t=-2.29, 

df=15, P=0.04 

 0.01, t=0.16, 

df=15, P=0.88 

 4 23.2 -0.15, t=-2.03, 

df=15, P=0.06 

-0.01, t=-0.72, 

df=15, P=0.48 

0.003, t=0.21, 

df=15, P=0.84 

 36.3 -0.18, t=-2.33, 

df=14, P=0.03 

0.01, t=0.62, 

df=14, P=0.54 

0.01, t=0.19, 

df=14, P=0.85 

tot. native sp. 

cover 

1 30.8 -0.47, t=-3.13, 

df=22, P<0.01* 

   65.3 -0.76, t=-6.29, 

df=21, P<0.001** 

  

 2 46.6 -0.62, t=-4.21, 

df=21, P<0.001** 

0.06, t=2.50, 

df=21, P=0.02 

  67.7 -0.84, t=-6.16, 

df=20, P<0.001** 

0.04, t=1.21, 

df=20, P=0.24 

 

 3 64.6 -0.70, t=-5.67, 

df=21, P<0.001** 

 -0.09, t=-4.36, 

df=21, P<0.001** 

 65.3 -0.77, t=-5.99, 

df=20, P<0.001** 

 0.01, t=0.09, 

df=20, P=0.93 

 4 68.8 -0.76, t=-6.24, 

df=20, P<0.001** 

0.04, t=1.81,  

df=20, P=0.09 

-0.07, t=-3.77, 

df=20, P<0.01* 

 69.2 -0.93, t=-5.77, 

df=19, P<0.001** 

0.06, t=1.56, 

df=19, P=0.14 

0.06, t=0.49, 

df=19, P=0.63 

exotic sp. 

cover
+
 

1 30.1 0.12, t=3.07, 

df=22, P<0.01* 

   21.0 0.23, t=2.37, 

df=21, P=0.03 

  

 2 39.6 0.09, t=2.17, 

df=21, P=0.04 

0.01, t=1.81 

df=21, P=0.09 

  22.2 0.25, t=2.31, 

df=20, P=0.03 

-0.01, t=-0.56, 

df=20, P=0.58 

 

 3 47.6 0.08, t=2.02, 

df=21, P=0.06 

 -0.02, t=-2.66, 

df=21, P=0.02 

 23.0 0.25, t=2.44, 

df=20, P=0.02 

 -0.03, t=-0.72, 

df=20, P=0.48 

 4 51.1 0.06, t=1.62, 

df=20, P=0.12 

0.01, t=1.16, 

df=20, P=0.26 

-0.01, t=-2.17, 

df=20, P=0.04 

 28.7 0.34, t=2.69, 

df=19, P=0.01 

-0.04, t=-1.23, 

df=19, P=0.23 

-0.07, t=-1.31, 

df=19, P=0.21 

leaf litter 

cover 

1 13.9 -0.34, t=-1.66, 

df=17, P=0.12 

   30.8 -0.45, t=-2.75, 

df=17, P=0.01 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 2 44.2 -0.37, t=-2.14, 

df=16, P=0.05 

-0.08, t=-2.94, 

df=16, P=0.01 

  51.5 -0.35, t=-2.24, 

df=16, P=0.04 

-0.16, t=-2.61, 

df=16, P=0.02 

 

 3 17.1 -0.33, t=-1.57, 

df=16, P=0.14 

 -0.03, t=-0.86, 

df=16, P=0.40 

 34.2 -0.32, t=-1.45, 

df=16, P=0.17 

 -0.10, t=-0.92, 

df=16, P=0.37 

 4 48.5 -0.35, t=-2.06, 

df=15, P=0.06 

-0.08, t=-2.99, 

df=15, P<0.01* 

-0.03, t=-1.13, 

df=15, P=0.28 

 55.9 -0.18, t=-0.93, 

df=15, P=0.37 

-0.16, t=-2.72, 

df=15, P=0.02 

-0.11, t=-1.23, 

df=15, P=0.24 

native grass 

litter cover 

1 28.5 -0.68, t=-2.96, 

df=22, P<0.01* 

   46.0 -0.34, t=-4.23, 

df=21, P<0.001** 

  

 2 41.4 -0.89, t=-3.80, 

df=21, P<0.01* 

0.08, t=2.15, 

df=21, P=0.04 

  49.2 -0.29, t=-3.20, 

df=20, P<0.01* 

-0.02, t=-1.12, 

df=20, P=0.28 

 

 3 60.6 -1.02, t=-5.29, 

df=21, P<0.001** 

 -0.13, t=-4.14 

df=21, P<0.001** 

 47.8 -0.36, t=-4.28, 

df=20, P<0.001** 

 0.03, t=0.83, 

df=20, P=0.42 

 4 64.2 -1.09, t=-5.58, 

df=20, P<0.001** 

0.04, t=1.40, 

df=20, P=0.18 

-0.11, t=-3.56, 

df=20, P<0.01* 

 49.3 -0.30, t=-2.78, 

df=19, P=0.01 

-0.02, t=-0.75, 

df=19, P=0.46 

0.01, t=0.22, 

df=19, P=0.83 

coarse litt. 

cover 

1 24.8 -0.15, t=-2.37, 

df=17, P=0.03 

   43.1 -0.13, t=-3.59, 

df=17, P<0.01* 

  

 2 58.7 -0.16, t=-3.28, 

df=16, P<0.01* 

-0.03, t=-3.63, 

df=16, P<0.01* 

  47.0 -0.12, t=-3.10, 

df=16, P<0.01* 

-0.02, t=-1.09, 

df=16, P=0.29 

 

 3 25.8 -0.15, t=-2.27, 

df=16, P=0.04 

 -0.01, t=-0.46, 

df=16, P=0.65 

 43.1 -0.13, t=-2.61, 

df=16, P=0.02 

 -0.0003, t=-0.01, 

df=16, P=0.99 

 4 60.0 -0.16, t=-3.16, 

df=15, P<0.01* 

-0.03, t=-3.58, 

df=15, P<0.01* 

-0.01, t=-0.69, 

df=15, P=0.50 

 47.1 -0.11, t=-2.24, 

df=15, P=0.04 

-0.02, t=-1.06, 

df=15, P=0.31 

-0.002, t=-0.07, 

df=15, P=0.95 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

gamba litt. 

cover
#
 

1 65.7 1.24, t=5.71, 

df=17, P<0.001** 

   71.9 0.75, t=6.40, 

df=16, P<0.001** 

  

 2 67.8 1.33, t=5.66, 

df=16, P<0.001** 

-0.03, t=-1.08, 

df=16, P=0.33 

  75.6 0.70, t=5.81, 

df=15, P<0.001** 

0.03, t=1.51, 

df=15, P=0.15 

 

 3 67.8 1.39, t=5.25, 

df=16, P<0.001** 

 0.03, t=1.00, 

df=16, P=0.33 

 75.8 0.80, t=6.85, 

df=15, P<0.001** 

 -0.05, t=-1.55, 

df=15, P=0.14 

 4 68.9 1.41, t=5.20, 

df=15, P<0.001** 

-0.02, t=-0.65, 

df=15, P=0.53 

0.02, t=1.00, 

df=15, P=0.53 

 76.5 0.75, t=5.35, 

df=14, P<0.001** 

0.02, t=0.66, 

df=14, P=0.52 

-0.03, t=-0.75, 

df=14, P=0.47 

no. termite 

mounds 

1 6.1 -4.74, t=-1.19, 

df=22, P=0.25 

   5.8 -2.38, t=-1.14, 

df=21, P=0.27 

  

 2 6.4 -4.24, t=-0.95, 

df=21, P=0.35 

-0.19, t=–0.27, 

df=21, P=0.79 

  9.1 -3.35, t=-1.40, 

df=20, P=0.18 

0.46, t=0.85, 

df=20, P=0.41 

 

 3 18.2 -1.61, t=-0.38, 

df=21, P=0.71 

 1.18, t=-1.77, 

df=21, P=0.09 

 7.8 -2.72, t=-1.24, 

df=20, P=0.23 

 0.62, t=0.66, 

df=20, P=0.52 

 4 18.6 -1.98, t=-0.44, 

df=20, P=0.67 

0.21, t=0.29, 

df=20, P=0.78 

1.25, t=1.73, 

df=20, P=0.10 

 18.3 -5.44, t=-1.99, 

df=19, P=0.06 

1.02, t=1.57, 

df=19, P=0.13 

1.64, t=1.47, 

df=19, P=0.16 

termite 

mound ht
&

 

1 2.5 0.36, t=0.60, 

df=15, P=0.56 

   3.6 -0.26, t=-0.70, 

df=13, P=0.50 

  

 2 25.3 0.47, t=0.86, 

df=14, P=0.40 

0.18, t=2.07, 

df=14, P=0.06 

  6.8 -0.37, t=-0.88, 

df=12, P=0.40 

0.07, t=0.64, 

df=12, P=0.53 

 

 3 5.3 0.36, t=0.59, 

df=14, P=0.57 

 -0.07, t=-0.66, 

df=14, P=0.52 

 4.1 -0.21, t=-0.48, 

df=12, P=0.64 

 -0.06, t=-0.23, 

df=12, P=0.82 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 4 27.2 0.47, t=0.85, 

df=13, P=0.41 

0.17, t=1.98, 

df=13, P=0.07 

-0.06, t=-0.58, 

df=13, P=0.57 

 6.8 -0.35, t=-0.68, 

df=11, P=0.51 

0.07, t=0.57, 

df=11, P=0.58 

-0.02, t=-0.06, 

df=11, P=0.95 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without the interaction terms because all interactions were found to be non-

significant. 

^ Formulae for % deviance explained and arcsine transformation are given in Table 3.4. 

a Total cover of all plant species including gamba grass. 

b Growth form was recorded on <20% of sites in the dry season therefore no analyses were performed. 

+ Cover of exotic species excluding gamba grass. 

# Sites without gamba grass (n=5) were exluded from analyses. 

& Sites without termite mounds (dry=7, wet=8) were excluded from analyses. 
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Table II. Generalised Linear Modelling results of ground cover coefficient of variation (CV) from quadrats, versus gamba grass cover, grazing and 

fire disturbance. Models were constructed as described for Table I. Results shown
$
 are coefficients, t values and associated probabilities for each 

predictor variable (statistically significant results are indicated by * for P<0.01 or ** for P<0.001); and % deviance explained by each model. For 

sites that recorded cover scores of zero in all quadrats for a particular variable, CV could not be calculated; these sites were excluded from 

analyses. Paddock sites (dry: n=5, wet: n=4) were excluded from analyses of log cover CV, native juvenile tree cover CV, leaf and coarse litter 

cover CV. 

Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

bare grnd 

cover CV 

1 17.9 1.67, t=2.14, 

df=21, P=0.04 

   1.0 -0.25, t=-0.47, 

df=21, P=0.64 

  

 2 18.3 1.81, t=1.99, 

df=20, P=0.06 

-0.04, t=-0.32, 

df=20, P=0.75 

  5.9 0.03, t=0.05, 

df=20, P=0.96 

-0.15, t=-1.02, 

df=20, P=0.32 

 

 3 27.9 1.04, t=1.23, 

df=20, P=0.23 

 -0.21, t=-1.66, 

df=20, P=0.11 

 1.2 -0.28, t=-0.49, 

df=20, P=0.63 

 0.05, t=0.20, 

df=20, P=0.84 

 4 30.5 1.30, t=1.44, 

df=19, P=0.17 

-0.12, t=-0.85, 

df=19, P=0.41 

-0.25, t=-1.83, 

df=19, P=0.08 

 7.1 0.22, t=0.30, 

df=19, P=0.77 

-0.20, t=-1.09, 

df=19, P=0.29 

-0.16, t=-0.48, 

df=19, P=0.64 

log cover CV 1 2.0 -0.70, t=-0.45, 

df=10, P=0.66 

   3.7 0.60, t=0.44, 

df=5, P=0.68 

  

 2 2.6 -0.78, t=-0.47, 

df=9, P=0.65 

0.13, t=0.24, 

df=9, P=0.82 

  12.8 0.50, t=0.44, 

df=4, P=0.70 

-0.56, t=-0.65, 

df=4, P=0.55 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 3 3.1 -0.63, t=-0.39, 

df=9, P=0.71 

 0.08, t=0.32, 

df=9, P=0.76 

 22.2 -1.09, t=-0.49, 

df=4, P=0.65 

 1.15, t=0.47, 

df=4, P=0.66 

 4 3.9 -0.72, t=-0.41, 

df=8, P=0.69 

0.15, t=0.26, 

df=8, P=0.80 

0.09, t=0.33, 

df=8, P=0.75 

 27.4 -0.93, t=-0.37, 

df=3, P=0.74 

-0.73, t=-0.46, 

df=3, P=0.68 

1.04, t=0.78, 

df=3, P=0.49 

total plant 

cover CV
a
 

1 1.7 -0.14, t=-0.62, 

df=22, P=0.54 

   1.5 -0.07, t=-0.57, 

df=21, P=0.58 

  

 2 1.7 -0.15, t=–0.57, 

df=21, P=0.58 

0.003, t=0.06, 

df=21, P=0.95 

  13.5 0.03, t=-0.23, 

df=20, P=0.82 

-0.05, t=-1.66, 

df=20, P=0.11 

 

 3 21.5 0.08, t=0.36, 

df=21, P=0.72 

 0.09, t=2.30, 

df=21, P=0.03 

 5.8 -0.10, t=-0.80, 

df=20, P=0.43 

 0.05, t=0.95, 

df=20, P=0.35 

 4 24.2 0.02, t=0.09, 

df=20, P=0.93 

0.03, t=0.83, 

df=20, P=0.42 

0.10, t=2.43, 

df=20, P=0.03 

 13.5 0.03, t=0.18, 

df=19, P=0.86 

-0.05, t=-1.30, 

df=19, P=0.21 

0.001, t=0.02, 

df=19, P=0.98 

native ann. 

grass cover CV 

1 n. a.
b
     2.7 1.65, t=0.44, 

df=7, P=0.67 

  

 2      32.2 2.47, t=0.72, 

df=6, P=0.50 

-1.25, t=-1.62, 

df=6, P=0.16 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 3      2.7 1.56, t=0.35, 

df=6, P=0.74 

 -0.10, t=-0.05, 

df=6, P=0.96 

 4      32.6 2.80, t=0.67, 

df=5, P=0.53 

-1.27, t=-1.49, 

df=5, P=0.20 

0.35, t=-0.17, 

df=5, P=0.87 

native per. 

grass cover CV 

1 11.2 2.71, t=1.28, 

df=13, P=0.22 

   56.2 4.01, t=4.67, 

df=17, P<0.001** 

  

 2 12.5 2.44, t=1.07, 

df=12, P=0.31 

0.12, t=0.41, 

df=12, P=0.69 

  57.6 3.70, t=3.79, 

df=16, P<0.01* 

0.14, t=0.71, 

df=16, P=0.49 

 

 3 47.6 5.15, t=2.73, 

df=12, P=0.02 

 0.86, t=2.89, 

df=12, P=0.01 

 58.3 4.23, t=4.71, 

df=16, P<0.001** 

 -0.39, t=-0.88, 

df=16, P=0.39 

 4 52.0 4.77, t=2.48, 

df=11, P=0.03 

0.24, t=1.01, 

df=11, P=0.33 

0.91, t=3.01, 

df=11, P=0.01 

 58.5 4.04, t=3.49, 

df=15, P<0.01* 

0.07, t=0.28, 

df=15, P=0.78 

-0.31, t=-0.57, 

df=15, P=0.58 

native sedge 

cover CV 

 n. a.
b
     n. a.

b
    

other native sp. 

cover CV 

1 n. a.
b
     2.9 0.79, t=0.67, 

df=15, P=0.51 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 2      30.5 1.76, t=1.56, 

df=14, P=0.14 

-1.05, t=-2.36, 

df=14, P=0.03 

 

 3      14.1 -0.03, t=-0.03,  

df=14, P=0.98 

 0.56, t=1.36, 

df=14, P=0.20 

 4      30.7 1.55, t=1.03, 

df=13, P=0.32 

-0.99, t=-1.76, 

df=13, P=0.10 

0.13, t=0.18, 

df=13, P=0.86 

native juv. tree 

cover CV
+
 

1 n. a.
b
     52.4 5.26, t=2.77, 

df=7, P=0.03 

  

 2      54.3 5.31, t=2.65, 

df=6, P=0.04 

-0.26, t=-0.51, 

df=6, P=0.63 

 

 3      55.1 4.81, t=2.27, 

df=6, P=0.06 

 0.51, t=0.60, 

df=6, P=0.57 

 4      56.2 4.92, t=2.13, 

df=5, P=0.09 

-0.20, t=-0.36, 

df=5, P=0.73 

0.43, t=0.46, 

df=5, P=0.67 

tot. native sp. 

cov. CV 

1 36.9 4.63, t=3.42, 

df=20, P<0.01* 

   39.5 2.66, t=3.70, 

df=21, P<0.01* 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 2 36.9 4.67, t=3.01, 

df=19, P<0.01* 

-0.02, t=-0.06, 

df=19, P=0.95 

  41.0 2.39, t=2.93, 

df=20, P<0.01* 

0.14, t=0.72, 

df=20, P=0.48 

 

 3 55.3 6.18, t=4.78, 

df=19, P<0.001** 

 0.60, t=2.80, 

df=19, P=0.01 

 39.8 2.60, t=3.42, 

df=20, P<0.01* 

 0.11, t=0.30, 

df=20, P=0.77 

 4 56.6 5.85, t=4.23, 

df=18, P<0.001 

0.16, t=0.73, 

df=18, P=0.48 

0.65, t=2.86, 

df=18, P=0.01 

 43.5 1.93, t=1.99, 

df=19, P<0.01* 

0.27, t=1.11, 

df=19, P=0.28 

0.38, t=0.90, 

df=19, 0.38 

exotic sp. 

cover CV
+
 

1 1.1 0.49, t=0.36, 

df=11, P=0.73 

   0.8 -0.39, t=-0.32, 

df=13, P=0.75 

  

 2 21.7 1.39, t=0.99, 

df=10, P=0.35 

-0.34, t=-1.62, 

df=10, P=0.14 

  6.7 -0.01, t=-0.01, 

df=12, P=0.99 

-0.21, t=-0.87, 

df=12, P=0.40 

 

 3 6.4 1.08, t=0.67, 

df=10, P=0.52 

 0.25, t=0.74, 

df=10, P=0.48 

 26.0 -1.22, t=-1.06, 

df=12, P=0.31 

 0.79, t=2.02, 

df=12, P=0.07 

 4 21.7 1.42, t=0.90, 

df=9, P=0.39 

-0.33, t=-1.34, 

df=9, P=0.21 

0.02, t=0.07, 

df=9, P=0.95 

 27.8 -1.71, t=-1.13, 

df=11, P=0.28 

0.16, t=0.52, 

df=11, P=0.61 

0.99, t=1.79, 

df=11, P=0.10 

gamba cover 

CV
#
 

1 49.7 -2.10, t=-4.10, 

df=17, P<0.001** 

   59.4 -3.33, t=-4.84, 

df=16, P<0.001** 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 2 51.1 -1.95, t=-3.42, 

df=16, P<0.01* 

-0.05, t=-0.67, 

df=16, P=0.51 

  60.4 -3.19, t=-4.35, 

df=15, P<0.001** 

-0.09, t=-0.62, 

df=15, P=0.54 

 

 3 50.5 -2.28, t=-3.59, 

df=16, P<0.01* 

 -0.04, t=-0.49, 

df=16, P=0.63 

 60.1 -3.42, t=-4.69, 

df=15, P<0.001** 

 0.13, t=0.50, 

df=15, P=0.62 

 4 53.2 -2.18, t=-3.39, 

df=15, P<0.01* 

-0.08, t=-0.93, 

df=15, P=0.37 

-0.08, t=-0.81, 

df=15, P=0.43 

 60.5 -3.26, t=-3.71, 

df=14, P<0.01* 

-0.07, t=-0.37, 

df=14, P=0.72 

0.05, t=0.14, 

df=14, P=0.89 

leaf litter cover 

CV 

1 4.5 0.38, t=0.90, 

df=17, P=0.38 

   21.4 1.41, t=2.15, 

df=17, P=0.05 

  

 2 4.5 0.38, t=0.87, 

df=16, P=0.40 

0.001, t=0.01, 

df=16, P=0.99 

  23.3 1.27, t=1.81, 

df=16, P=0.09 

0.18, t=0.62, 

df=16, P=0.54 

 

 3 11.8 0.37, t=0.87, 

df=16, P=0.40 

 0.08, t=1.15, 

df=16, P=0.27 

 26.0 0.80, t=0.90, 

df=16, P=0.38 

 0.45, t=0.94, 

df=16, P=0.34 

 4 11.8 0.37, t=0.85, 

df=15, P=0.41 

0.003, t=0.04, 

df=15, P=0.97 

0.09, t=1.11, 

df=15, P=0.28 

 28.3 0.61, t=0.65, 

df=15, P=0.53 

0.21, t=0.70, 

df=15, P=0.50 

0.47, t=1.03, 

df=15, P=0.32 

native grass 

litter cover CV 

1 26.5 3.18, t=2.40, 

df=16, P=0.03 

   48.5 4.47, t=3.88, 

df=16, P<0.01* 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 2 26.9 3.36, t=2.25, 

df=15, P=0.04 

-0.08, t=-0.28, 

df=15, P=0.78 

  49.9 4.98, t=3.53, 

df=15, P<0.01* 

-0.19, t=-0.64, 

df=15, P=0.53 

 

 3 31.3 3.84, t=2.61, 

df=15, P=0.02 

 0.31, t=1.03, 

df=15, P=0.32 

 52.5 4.47, t=3.92, 

df=15, P<0.01* 

 0.57, t=1.13, 

df=15, P=0.28 

 4 31.3 3.85, t=2.43, 

df=14, P=0.03 

-0.01, t=-0.02, 

df=14, P=0.98 

0.30, t=0.95, 

df=14, P=0.36 

 52.5 4.46, t=2.90, 

df=14, P=0.01 

0.01, t=0.01, 

df=14, P=0.99 

0.58, t=0.88, 

df=14, P=0.39 

coarse litt. 

cover CV 

1 23.0 2.61, t=2.25, 

df=17, P=0.04 

   51.2 3.88, t=4.22, 

df=17, P<0.001** 

  

 2 41.0 2.66, t=2.55, 

df=16, P=0.02 

0.38, t=2.21, 

df=16, P=0.04 

  51.7 3.75, t=3.78, 

df=16, P<0.01* 

0.18, t=0.42, 

df=16, P=0.68 

 

 3 25.2 2.63, t=2.24, 

df=16, P=0.04 

 -0.14, t=-0.69, 

df=16, P=0.50 

 52.5 4.44, t=3.48, 

df=16, P<0.01* 

 -0.42, t=-0.65, 

df=16, P=0.53 

 4 42.9 2.68, t=2.53, 

df=15, P=0.02 

0.37, t=2.16, 

df=15, P=0.05 

-0.13, t=-0.71, 

df=15, P=0.46 

 52.9 4.30, t=3.14, 

df=15, P<0.01* 

0.16, t=0.36, 

df=15, P=0.72 

-0.40, t=-0.60, 

df=15, P=0.56 

gamba litt. 

cover CV
#
 

1 23.8 -2.50, t=-2.30, 

df=17, P=0.03 

   31.7 -2.73, t=-2.64, 

df=15, P=0.02 
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Habitat 

Variable 

 Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 2 29.7 -3.06, t=-2.60, 

df=16, P=0.02 

0.19, t=1.17, 

df=16, P=0.26 

  33.1 -2.55, t=-2.30, 

df=14, P=0.04 

-0.12, t=-0.54, 

df=14, P=0.60 

 

 3 38.4 -3.84, t=-3.15, 

df=16, P<0.01* 

 -0.33, t=-1.95, 

df=16, P=0.07 

 39. -3.08, t=-2.94, 

df=14, P=0.01 

 0.47, t=1.29, 

df=14, P=0.22 

 4 29.4 -3.94, t=-3.12, 

df=15, P<0.01* 

0.09, t=0.51, 

df=15, P=0.62 

-0.29, t=-1.55, 

df=15, P=0.14 

 39.8 -3.38, t=-2.63, 

df=13, P=0.02 

0.13, t=0.43, 

df=13, P=0.67 

0.63, t=1.21, 

df=13, P=0.25 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without the interaction terms because all interactions were found 

to be non-significant. 

a CV of total cover of all plant species including gamba grass; b Insufficient data (growth form was recorded on too few sites, or too many sites without CV 

calculable) therefore no analysis was performed. 

+ Exotic species cover did not include gamba grass cover. 

# Sites without gamba grass [n=5] were excluded from analyses. 
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Table III. Generalised Linear Modelling results of plant species richness variables versus gamba grass cover, grazing and fire disturbance. Models 

were constructed as described for Table I. Species lists were compiled from one thorough assessment per site (in the wet season) and richness is 

for native species unless otherwise specified. Results shown
$
 are coefficients, t values and associated probabilities for each predictor variable 

(statistically significant results are indicated by * for P<0.01 or ** for P<0.001); and % deviance explained by each model. Paddock sites (n=5) 

were excluded from analyses of woody species richness (i.e. shrub, tree, total woody richness). 

Habitat Variable Model % dev. exp. GAMBA GRAZ FIRE 

non-woody species richness      

 non-woody sp. (total) 1 28.9 -12.61, t=-2.99, df=22, P<0.01*   

  2 28.9 -12.64, t=-2.68, df=21, P=0.01 0.02, t=0.02, df=21, P=0.98  

  3 42.2 -12.30, t=-3.16, df=21, P<0.01*  1.77, t=2.20, df=21, P=0.04 

  4 47.5 -14.98, t=-3.52, df=20, P<0.01* 1.61, t=1.42, df=20, P=0.17 2.45, t=2.66, df=20, P=0.02 

 grass species 1 39.2 -5.46, t=-3.77, df=22, P<0.01*   

  2 41.4 -4.89, t=-3.08, df=21, P<0.01* -0.32, t=-0.88, df=21, P=0.39  

  3 43.0 -5.40, t=-3.76, df=21, P<0.01*  0.35, t=1.18, df=21, P=0.25 

  4 43.3 -5.17, t=-3.16, df=20, P<0.01* -0.13, t=-0.31, df=20, P=0.76 0.29, t=0.82, df=20, P=0.42 

 sedge species 1 19.1 3.10, t=2.28, df=22, P=0.03   

  2 34.4 1.87, t=1.37, df=21, P=0.19 0.70, t=2.21, df=21, P=0.04  

  3 28.5 3.02, t=2.31, df=21, P=0.03  -0.45, t=-1.66, df=21, P=0.11 

  4 35.8 2.07, t=1.46, df=20, P=0.16 0.57, t=1.51, df=20, P=0.15 -0.20, t=-0.66, df=20, P=0.52 



Appendix I 

413 

Habitat Variable Model % dev. exp. GAMBA GRAZ FIRE 

 other non-woody sp.
a
 1 25.0 -10.25, t=-2.71, df=22, P=0.01   

  2 25.5 -9.62, t=-2.28, df=21, P=0.03 -0.36, t=-0.37, df=21, P=0.72  

  3 44.5 -9.93, t=-2.98, df=21, P<0.01*  1.86, t=2.72, df=21, P=0.01 

  4 48.2 -11.87, t=-3.22, df=20, P<0.01* 1.17, t=1.19, df=20, P=0.25 2.36, t=2.96, df=20, P<0.01* 

woody species richness      

 woody species (total) 1 14.3 -7.48, t=-1.69, df=17, P=0.11   

  2 20.0 -6.62, t=-1.47, df=16, P=0.16 -1.58, t=-1.07, df=16, P=0.30  

  3 18.3 -9.84, t=-1.89, df=16, P=0.08  1.19, t=0.89, df=16, P=0.39 

  4 23.3 -8.80, t=-1.66, df=15, P=0.12 -1.48, t=-0.98, df=15, P=0.34 1.07, t=0.79, df=15, P=0.44 

 tree species 1 1.4 -1.6, t=-0.49, df=17, P=0.63   

  2 3.1 -1.28, t=-0.37, df=16, P=0.72 -0.59, t=-0.53, df=16, P=0.60  

  3 5.6 -3.27, t=-0.85, df=16, P=0.41  0.85, t=0.85, df=16, P=0.41 

  4 6.9 -2.91, t=-0.72, df=15, P=0.48 -0.51, t=-0.45, df=16, P=0.66 0.80, t=0.78, df=15, P=0.45 

 shrub species 1 35.8 -5.88, t=-3.08, df=17, P<0.01*   

  2 44.8 -5.34, t=-2.88, df=16, P=0.01 -0.99, t=-1.62, df=16, P=0.13  

  3 37.1 -6.57, t=-2.89, df=16, P=0.01  0.35, t=0.59, df=16, P=0.56 

  4 45.6 -5.89, t=-2.64, df=15, P=0.02 -0.96, t=-1.53, df=15, P=0.15 0.27, t=0.48, df=15, P=0.64 
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Habitat Variable Model % dev. exp. GAMBA GRAZ FIRE 

total native species richness
b
 1 46.7 -31.22, t=-4.39, df=22, P<0.001**   

  2 57.8 -24.48, t=-3.46, df=21, P<0.01* -3.88, t=-2.36, df=21, P=0.03  

  3 81.0 -30.26, t=-6.96, df=21, P<0.001**  5.52, t=6.17, df=21, P<0.001** 

  4 81.1 -29.57, t=-5.96, df=20, P<0.001** -0.41, t=-0.31, df=20, P=0.76 5.34, t=4.97, df=20, P<0.001** 

total exotic species richness. 1 47.4 6.01, t=4.45, df=22, P<0.001**   

  2 48.4 5.93, t=3.93, df=21, P<0.01* 0.05, t=0.13, df=21, P=0.90  

  3 55.9 5.92, t=4.67, df=21, P<0.001**  -0.52, t=-2.01, df=21, P=0.06 

  4 58.3 6.60, t=4.68, df=20, P<0.001** -0.41, t=-1.08, df=20, P=0.29 -0.70, t=-2.29, df=20, P=0.03 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without the interaction terms because, unless otherwise specified, 

all interactions were found to be non-significant. 

a For ‘other non-woody species’ richness the following interactions were significant (P<0.01): GAMBA*GRAZ (30.58, t=3.07, df=16), GRAZ*FIRE (18.23, 

t=3.57, df=16), GAMBA*GRAZ*FIRE (-33.67, t=-3.45, df=16); % deviance explained by the global model (i.e. Model 4 plus all interaction terms) = 77.3%. 

b For total native species richness, all interactions were non-significant at α = 0.01, but had P-values <0.05; GAMBA*GRAZ (36.79, t=2.23, df=16), 

GAMBA*FIRE (32.87, t=2.28, df=16), GRAZ*FIRE (22.31, t=2.63, df=16), GAMBA*GRAZ*FIRE (-39.77, t=-2.45, df=16); % deviance explained by the 

global model = 87.4%. 
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Table IV. Generalised Linear Modelling results of vegetation structure variables versus gamba grass cover, grazing and fire disturbance. Models 

were constructed as described for Table I. Results shown
$
 are coefficients, t values and associated probabilities for each predictor variable 

(statistically significant results are indicated by * for P<0.01 or ** for P<0.001); and % deviance explained by each model. Paddock sites (n=5) 

were excluded from analyses of canopy cover, and vegetation cover 5–10m and >10m. 

Variable  Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

canopy cover 1 7.8 -0.19, t=-1.21, 

df=17, P=0.24 

   2.3 -0.05, t=-0.64, 

df=17, P=0.53 

  

 2 22.5 -0.20, t=-1.36, 

df=16, P=0.19 

-0.04, t=-1.74, 

df=16, P=0.10 

  14.5 -0.01, t=-0.17, 

df=16, P=0.87 

-0.05, t=-1.51, 

df=16, P=0.15 

 

 3 10.7 -0.18, t=-1.13, 

df=16, P=0.28 

 -0.04, t=-0.71, 

df=16, P=0.49 

 5.1 -0.002, t=-0.02, 

df=16, P=0.98 

 -0.03, t=-0.69, 

df=16, P=0.50 

 4 25.6 -0.19, t=-1.28 

df=15, P=0.22 

-0.04, t=-1.74, 

df=15, 0.10 

-0.02, t=-0.79, 

df=15, P=0.44 

 18.0 0.04, t=0.39, 

df=15, P=0.70 

-0.05, t=-1.53, 

df=15, P=0.15 

-0.04, t=-0.80, 

df=15, P=0.44 

veg. cover 

>10m 

1 1.8 0.50, t=0.56,  

df=17, P=0.58 

   16.5 -0.87, t=-1.83, 

df=17, P=0.09 

  

 2 27.0 0.40, t=0.51, 

df=16, P=0.62 

-0.29, t=-2.35, 

df=16, P=0.03 

  18.2 -0.96, t=-1.89, 

df=16, P=0.08 

0.12, t=0.59, 

df=16, P=0.56 

 

 3 4.8 0.55, t=0.61, 

df=16, P=0.55 

 -0.11, t=-0.71, 

df=16, P=0.49 

 23.4 -0.34, t=-0.61, 

df=16, P=0.55 

 -0.36, t=-1.20, 

df=16, P=0.25 

 4 30.5 0.46, t=0.57, 

df=15, P=0.58 

-0.29, t=-2.35, 

df=15, P=0.03 

-0.12, t=-0.86, 

df=15, P=0.40 

 24.8 -0.47, t=-0.71, 

df=15, P=0.49 

0.11, t=0.53, 

df=15, P=0.60 

-0.35, t=-1.14, 

df=15, P=0.27 

veg. cover  

5–10m 

1 1.5 -0.52, t=-0.51, 

df=17, P=0.62 

   2.9 0.26, t=0.72, 

df=17, P=0.48 
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Variable  Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 2 6.4 -0.56, t=-0.55, 

df=16, P=0.59 

-0.15, t=-0.91, 

df=16, P=0.38 

  5.7 0.34, t=0.88, 

df=16, P=0.39 

-0.11, t=-0.69, 

df=16, P=0.50 

 

 3 3.0 -0.48, t=-0.45, 

df=16, P=0.67 

 -0.09, t=-0.49, 

df=16, P=0.63 

 19.0 0.80, t=1.75, 

df=16, P=0.10 

 -0.39, t=-1.78, 

df=16, P=0.09 

 4 8.0 -0.52, t=-0.49, 

df=15, P=0.63 

-0.15, t=-0.90, 

df=15, P=0.38 

-0.09, t=-0.51, 

df=15, P=0.62 

 22.6 0.90, t=1.89, 

df=15, P=0.08 

-0.12, t=-0.83, 

df=15, P=0.42 

-0.40, t=-1.81, 

df=15, P=0.09 

veg. cover 

3–5m 

1 <0.1 -0.13, t=-0.11, 

df=22, P=0.91 

   1.6 -0.52, t=-0.58, 

df=21, P=0.57 

  

 2 1.0 0.12, t=0.09, 

df=21, P=0.93 

-0.10, t=-0.44, 

df=21, P=0.66 

  14.5 0.29, t=0.30, 

df=20, P=0.77 

-0.38, t=-1.74, 

df=20, P=0.10 

 

 3 2.8 0.30, t=0.28, 

df=21, P=0.78 

 0.16, t=0.77, 

df=21, P=0.45 

 1.6 -0.49, t=-0.53, 

df=20, P=0.60 

 -0.04, t=-0.10, 

df=20, P=0.92 

 4 3.0 0.39, t=0.27, 

df=20, P=0.79 

-0.05, t=-0.21, 

df=20, P=0.84 

0.15, t=0.64, 

df=20, P=0.53 

 22.8 1.11, t=1.01, 

df=19, P=0.33 

-0.60, t=-2.28, 

df=19, P=0.03 

-0.65, t=-1.43, 

df=19, P=0.17 

veg. cover 

1–3m 

1 37.5 3.71, t=3.63, 

df=22, P<0.01* 

   11.2 1.35, t=1.63, 

df=21, P=0.12 

  

 2 39.0 3.37, t=2.96, 

df=21, P<0.01* 

0.13, t=0.71, 

df=21, P=0.49 

  13.6 1.69, t=1.77, 

df=20, P=0.09 

-0.16, t=-0.75, 

df=20, P=0.46 

 

 3 37.9 3.52, t=3.06, 

df=21, P<0.01* 

 -0.07, t=-0.39, 

df=21, P=0.70 

 12.0 1.44, t=1.65, 

df=20, P=0.12 

 -0.16, t=-0.42, 

df=20, P=0.68 
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Variable  Dry  Wet 

 Model % dev. exp. GAMBA GRAZ FIRE  % dev. exp. GAMBA GRAZ FIRE 

 4 39.0 3.31, t=2.72, 

df=20, P=0.01 

0.12, t=0.60, 

df=20, P=0.56 

-0.03, t=-0.17, 

df=20, P=0.87 

 18.6 2.32, t=2.08, 

df=19, P=0.05 

-0.33, t=-1.24, 

df=19, P=0.23 

-0.49, t=-1.10, 

df=19, P=0.29 

veg. cover 

0.5–1m 

1 1.8 0.59, t=0.63, 

df=22, P=0.54 

   23.3 17.4, t=2.52, 

df=21, P=0.02 

  

 2 4.4 0.26, t=0.25, 

df=21, P=0.54 

0.13, t=0.76, 

df=21, P=0.46 

  42.3 2.59, t=3.72, 

df=20, P<0.01* 

-0.40, t=-2.56, 

df=20, P=0.02 

 

 3 2.2 0.45, t=0.43, 

df=21, P=0.67 

 -0.05, t=-0.31, 

df=21, P=0.76 

 38.5 1.40, t=2.15, 

df=20, P=0.04 

 0.62, t=2.22, 

df=20, P=0.04 

 4 4.4 0.24, t=0.21, 

df=20, P=0.84 

0.12, t=0.68, 

df=20, P=0.50 

-0.01, t=-0.07, 

df=20, P=0.95 

 45.0 2.18, t=2.67, 

df=19, P=0.02 

-0.29, t=-1.50, 

df=19, P=0.15 

0.33, t=0.98, 

df=19, P=0.34 

veg. cover 

0–0.5m 

1 0.4 0.20, t=0.30, 

df=22, P=0.77 

   5.1 -0.62, t=-1.07, 

df=21, P=0.30 

  

 2 1.2 0.08, t=0.10, 

df=21, P=0.92 

0.05, t=0.40, 

df=21, P=0.69 

  7.0 -0.42, t=-0.62, 

df=20, P=0.54 

-0.10, t=-0.63, 

df=20, P=0.54 

 

 3 27.2 -0.51, t=-0.76, 

df=21, P=0.46 

 -0.27, t=-2.53, 

df=21, P=0.02 

 21.5 -0.89, t=-1.59, 

df=20, P=0.13 

 0.49, t=2.04, 

df=20, P=0.06 

 4 24.3 -0.43, t=-0.61, 

df=20, P=0.55 

-0.04, t=-0.37, 

df=20, P=0.72 

-0.28, t=-2.47, 

df=20, P=0.02 

 23.1 -1.18, t=-1.61, 

df=19, P=0.12 

0.11, t=0.63, 

df=19, P=0.54 

0.60, t=2.00, 

df=19, P=0.06 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without the interaction terms because all interactions were found 

to be non-significant. 
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Table V. Generalised Linear Modelling results of relative abundance of gamba grass plants (in five tussock diameter size classes), plant 

dispersion and average plant height versus gamba grass cover, grazing and fire disturbance. Tussocks with a diameter >80cm were present on 

only two and three sites, in the dry and wet season, respectively, therefore no analyses were performed for this size class. Models were 

constructed as described for Table I. Results shown
$
 are coefficients, t values and associated probabilities for each predictor variable (statistically 

significant results are indicated by * for P<0.01 or ** for P<0.001); and % deviance explained by each model. Relative abundance of all plant 

sizes counts and GAMBA were arcsine-transformed; average plant height was log-10 transformed; sites without gamba grass [n=5] were 

excluded from analyses. 

Variable  Dry  Wet 

 Model % dev. 

exp. 
GAMBA GRAZ FIRE  % dev. 

exp. 
GAMBA GRAZ FIRE 

rel. abun. of gamba grass  plants (% of tot. plant cnt)        

  <5cm 1 2.9 -0.19, t=-0.72, 

df=17, P=0.48 

   35.0 -0.63, t=-2.93, 

df=16, P<0.01* 

  

 2 8.7 -0.08, t=-0.27, 

df=16, P=0.79 

-0.04, t=-1.00, 

df=16, P=0.33 

  37.5 -0.58, t=-2.49, 

df=15, P=0.03 

-0.03, t=-0.77, 

df=15, P=0.45 

 

 3 8.1 -0.01, t=-0.04, 

df=16, P=0.97 

 0.04, t=0.95, 

df=16, P=0.36 

 35.1 -0.62, t=-2.71, 

df=15, P=0.03 

 -0.01, t=-0.18, 

df=15, P=0.86 

 4 10.7 0.01, t=0.04, 

df=15, P=0.97 

-0.03, t=-0.67, 

df=15, P=0.51 

0.03, t=0.59, 

df=15, P=0.56 

 40.7 -0.46, t=-1.70, 

df=14, P=0.11 

-0.06, t=-1.15, 

df=14, P=0.27 

-0.08, t=-0.88, 

df=14, P=0.39 

  5–10cm 1 16.6 -0.22, t=-1.84, 

df=17, P=0.08 

   3.6 0.12, t=0.77, 

df=16, P=0.45 

  

 2 20.7 -0.27, t=-2.04, 

df=16, P=0.06 

0.02, t=0.91, 

df=16, P=0.38 

  16.9 0.04, t=0.27, 

df=15, P=0.79 

0.04, t=1.55, 

df=15, P=0.14 

 

 3 16.7 -0.21, t=-1.39, 

df=16, P=0.18 

 0.002, t=0.12, 

df=16, P=0.91 

 4.1 0.13, t=0.80, 

df=15, P=0.44 

 -0.01,t=-0.28, 

df=15, P=0.78 
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Variable  Dry  Wet 

 Model % dev. 

exp. 
GAMBA GRAZ FIRE  % dev. 

exp. 
GAMBA GRAZ FIRE 

 4 22.1 -0.23, t=-1.51, 

df=15, P=0.15 

0.02, t=1.02, 

df=15, P=0.32 

0.01, t=0.52, 

df=15, P=0.61 

 21.4 -0.04, t=-0.22, 

df=14, P=0.83 

0.06, t=1.75, 

df=14, P=0.10 

0.05, t=0.89, 

df=14, P=0.39 

  10–20cm 1 4.9 0.16, t=0.94, 

df=17, P=0.36 

   13.0 0.16, t=1.55, 

df=16, P=0.14 

  

 2 16.3 0.06, t=0.32, 

df=16, P=0.75 

0.03, t=1.48, 

df=16, P=0.16 

  14.9 0.14, t=1.25, 

df=15, P=0.23 

0.01, t=0.59, 

df=15, P=0.56 

 

 3 15.6 -0.01, t=-0.03, 

df=16, P=0.98 

 -0.04, t=-1.42, 

df=16, P=0.18 

 13.4 0.17, t=1.52, 

df=15, P=0.15 

 -0.01, t=-0.27, 

df=15, P=0.79 

 4 20.7 -0.03, t=-0.15, 

df=15, P=0.88 

0.03, t=0.98, 

df=15, P=0.34 

-0.03, t=-0.91, 

df=15, P=0.38 

 15.1 0.13, t=0.98, 

df=14, P=0.34 

0.01, t=0.52, 

df=14, P=0.61 

0.01, t=0.14, 

df=14, P=0.89 

  20–50cm 1 32.9 0.52, t=2.89, 

df=17, P=0.01 

   48.8 0.65, t=3.90, 

df=16, P<0.01* 

  

 2 32.9 0.52, t=2.59, 

df=16, P=0.02 

-0.001, t=-

0.004, 

df=16, P=0.99 

  51.0 0.70, t=3.92, 

df=15, P<0.01* 

-0.02, t=-0.83, 

df=15, P=0.42 

 

 3 33.3 0.49, t=2.14, 

df=16, P=0.05 

 -0.01, t=-0.27, 

df=16, P=0.79 

 50.7 0.62, t=3.55, 

df=15, P<0.01* 

 0.04, t=0.77, 

df=15, P=0.45 

 4 33.3 0.49, t=2.07, 

df=15, P=0.06 

-0.004, t=-0.12, 

df=15, P=0.91 

-0.01, t=-0.29, 

df=15, P=0.78 

 51.3 0.67, t=3.14, 

df=14, P<0.01* 

-0.02, t=-0.42, 

df=14, P=0.68 

0.02, t=0.31, 

df=14, P=0.76 

  50–80cm 1 58.2 0.24, t=4.86, 

df=17, P<0.001** 

   17.7 0.14, t=1.86, 

df=16, P=0.08 
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Variable  Dry  Wet 

 Model % dev. 

exp. 
GAMBA GRAZ FIRE  % dev. 

exp. 
GAMBA GRAZ FIRE 

 2 60.3 0.27, t=4.11, 

df=16, P<0.001** 

0.01, t=0.93, 

df=16, P=0.37 

  69.1 0.06, t=1.18, 

df=15, P=0.26 

0.04, t=5.00, 

df=15, 

P<0.001** 

 

 3 59.2 0.26, t=3.54, 

df=16, P<0.01* 

 -0.01, t=-0.64, 

df=16, P=0.53 

 67.3 0.19, t=3.94, 

df=15, P<0.01* 

 -0.07, t=-4.77, 

df=15, 

P<0.001** 

 4 60.6 0.26, t=3.37, 

df=15, P<0.01* 

0.01, t=0.71, 

df=15, P=0.49 

-0.003, t=-

0.29, 

df=15, P=0.78 

 79.3 0.12, t=2.52, 

df=14, P=0.03 

0.03, t=2.85, 

df=14, P=0.01 

-0.04, t=-2.63, 

df=14, P=0.02 

plant 

dispersion 

1 0.1 -0.34, t=-0.14, 

df=17, P=0.89 

   23.7 -2.37, t=-2.23, 

df=16, P=0.04 

  

 2 4.6 0.57, t=0.21, 

df=16, P=0.84 

-0.31, t=-0.87, 

df=16, P=0.40 

  36.4 -1.78, t=-1.68, 

df=15, P=0.11 

-0.31, t=-1.73, 

df=15, P=0.10 

 

 3 0.1 -0.42, t=-0.14, 

df=16, P=0.89 

 -0.02, t=-0.05, 

df=16, P=0.96 

 30.8 -2.70, t=-2.50, 

df=15, P=0.03 

 0.40, t=1.25, 

df=15, P=0.23 

 4 5.7 -0.05, t=-0.02, 

df=15, P=0.98 

-0.37, t=-1.94, 

df=15, P=0.36 

-0.19, t=-0.42, 

df=15, P=0.68 

 36.7 -1.93, t=-1.53, 

df=14, P=0.15 

-0.27, t=-1.13, 

df=14, P=0.28 

0.10, t=0.24, 

df=14, P=0.81 

average 

plant height 

1 50.9 0.38, t=4.20, 

df=17, P<0.001** 

   10.6 0.14, t=1.38, 

fd=16, P=0.19 

  

 2 51.1 0.37, t=3.68, 

df=16, P<0.01* 

0.003, t=0.22, 

df=16, P=0.83 

  45.8 0.23, t=2.62, 

df=15, P=0.02 

-0.05, t=-3.12, 

df=15, P<0.01* 

 

 3 52.1 0.34, t=3.01,  -0.01, t=-0.64,  15.8 0.17, t=1.10,  0.03, t=0.96, 
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Variable  Dry  Wet 

 Model % dev. 

exp. 
GAMBA GRAZ FIRE  % dev. 

exp. 
GAMBA GRAZ FIRE 

df=16, P<0.01* df=16, P=0.53 df=15, P=0.29 df=15, P=0.35 

 4 52.1 0.34, t=2.90, 

df=15, P=0.01 

-0.001, t=-0.04, 

df=15, P=0.97 

-0.01, t=-0.58, 

df=15, P=0.57 

 49.6 0.28, t=2.80, 

df=14, P=0.01 

-0.06, t=-3.07, 

df=14, P<0.01* 

-0.03, t=-1.03, 

df=14, P=0.32 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without the interaction terms because all interactions were 

found to be non-significant 
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Table VI. Generalised Linear Modelling results of basal area (all live species, dead trees and major species) versus gamba grass cover, grazing 

and fire disturbance. Models were constructed as described for Table I. Results shown
$
 are coefficients, t values and associated probabilities for 

each predictor variable (statistically significant results are indicated by * for P<0.01 or ** for P<0.001); and % deviance explained by each 

model. GAMBA was arcsine-transformed; GLMs used a Gaussian error distribution with identity link. Paddock sites (n=5) were excluded from 

analyses. 

Basal area variable Model % dev. exp. GAMBA GRAZ FIRE 

all live species      

 DBH<5cm 1 <0.1 -0.02, t=-0.12, df=17, P=0.91   

  2 25.8 0.04, t=0.29, df=16, P=0.78 -0.11, t=-2.35, df=16, P=0.03  

  3 0.1 -0.01, t=-0.06, df=16, P=0.95  -0.004, t=-0.08, df=16, P=0.94 

  4 26.2 0.06, t=0.39, df=15, P=0.70 -0.11, t=-2.30, df=15, P=0.04 -0.01, t=-0.29, df=15, P=0.78 

 DBH 5–20cm 1 5.9 -0.20, t=-1.04, df=17, P=0.31   

  2 17.8 -0.14, t=-0.78, df=16, P=0.45 -0.09, t=-1.52, df=16, P=0.15  

  3 6.0 -0.21, t=-0.93, df=16, P=0.37  0.01, t=0.13, df=16, P=0.90 

  4 17.8 -0.15, t=-0.65, df=15, P=0.53 -0.09, t=-1.47, df=15, P=0.16 0.0004, t=0.01, df=15, P=0.99 

 DBH 20–50cm 1 35.5 -0.38, t=-3.06, df=17, P<0.01*   

  2 37.3 -0.37, t=-2.83, df=16, P=0.01 -0.03, t=-0.69, df=16, P=0.50  

  3 59.7 -0.57, t=-4.81, df=16, P<0.001**  0.10, t=3.10, df=16, P<0.01* 

  4 60.5 -0.56, t=-4.50, df=15, P<0.001** -0.02, t=-0.57, df=15, P=0.58 0.09, t=2.97, df=15, P<0.01* 

 DBH >50cm 1 29.1 0.21, t=2.64, df=17, P=0.02   

  2 34.3 0.23, t=2.82, df=16, P=0.01 -0.03, t=-1.13, df=16, P=0.28  

  3 29.7 0.19, t=2.02, df=16, P=0.06  0.01, t=0.37, df=16, P=0.72 
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Basal area variable Model % dev. exp. GAMBA GRAZ FIRE 

  4 34.6 0.21, t=2.20, df=15, P=0.04 -0.03, t=-1.06, df=15, P=0.31 0.01, t=0.28, df=15, P=0.78 

 total 1 13.6 -0.25, t=-1.64, df=17, P=0.12   

  2 34.9 -0.19, t=-1.39, df=16, P=0.18 -0.10, t=-2.29, df=16, P=0.04  

  3 22.2 -0.36, t=-2.12. df=16, P=0.05  0.06, t=1.32, df=16, P=0.21 

  4 41.3 -0.30, t=-1.87, df=15, P=0.08 -0.10, t=-2.21, df=15, P=0.04 0.05, t=1.27, df=15, P=0.22 

Dead trees (total) 1 1.3 -0.05, t=-0.46, df=17, P=0.65   

  2 2.6 -0.04, t=-0.36, df=16, P=0.72 -0.02, t=-0.47, df=16, P=0.65  

  3 22.0 -0.16, t=-1.49, df=16, P=0.16  0.06, t=2.06, df=16, P=0.06 

  4 22.6 -0.16, t=-1.35, df=15, P=0.20 -0.01, t=-0.33, df=15, P=0.75 0.06, t=1.97, df=15, P=0.07 

Alstonia actinophylla      

 DBH<20cm 1 17.7 0.14, t=1.92, df=17, P=0.07   

  2 21.7 0.16, t=2.03, df=16, P=0.06 -0.02, t=-0.90, df=16, P=0.38  

  3 19.3 0.12, t=1.32, df=16, P=0.21  0.01, t=0.57, df=16, P=0.58 

  4 22.9 0.13, t=1.44, df=15, P=0.17 -0.02, t=-0.83, df=15, P=0.42 0.01, t=0.49, df=15, P=0.63 

 DBH>20cm 1 44.1 0.52, t=3.66, df=17, P<0.01*   

  2 52.5 0.56, t=4.09, df=16, P<0.001** -0.08, t=-1.68, df=16, P=0.11  

  3 47.3 0.44, t=2.63, df=16, P=0.02  0.04, t=0.99, df=16, P=0.34 

  4 54.9 0.49, t=3.01, df=15, P<0.01* -0.07, t=-1.58, df=15, P=0.14 0.04, t=0.89, df=15, P=0.39 

 total 1 42.7 0.49, t=3.56, df=17, P<0.01*   
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Basal area variable Model % dev. exp. GAMBA GRAZ FIRE 

  2 53.2 0.54, t=4.10, df=16, P<0.001** -0.08, t=-1.90, df=16, P=0.08  

  3 45.6 0.42, t=2.57, df=16, P=0.02  0.04, t=0.92, df=16, P=0.37 

  4 55.2 0.47, t=3.05, df=15, P<0.01* -0.08, t=-1.81, df=15, P=0.09 0.03, t=0.82, df=15, P=0.43 

Corymbia polycarpa      

 DBH<20cm 1 1.0 0.04, t=0.41, df=17, P=0.69   

  2 3.6 0.06, t=0.51, df=16, P=0.62 -0.02, t=-0.66, df=16, P=0.52  

  3 3.7 0.09, t=0.69, df=16, P=0.50  -0.02, t=-0.68, df=16, P=0.51 

  4 6.9 0.11, t=0.81, df=15, P=0.43 -0.03, t=-0.72, df=15, P=0.48 -0.02, t=-0.73, df=15, P=0.48 

  2 10.6 0.09, t=0.95, df=16, P=0.36 -0.03, t=-1.15, df=16, P=0.27  

  3 7.7 0.12, t=1.09, df=16, P=0.29  -0.02, t=-0.88, df=16, P=0.39 

  4 16.1 0.14, t=1.33, df=15, P=0.20 -0.04, t=-1.23, df=15, P=0.24 -0.03, t=-1.00, df=15, P=0.33 

 total 1 2.8 0.10, t=0.71, df=17, P=0.49   

  2 7.1 0.13, t=0.84, df=16, P=0.41 -0.04, t=-0.86, df=16, P=0.40  

  3 8.2 0.19, t=1.10, df=16, P=0.29  -0.04, t=-0.96, df=16, P=0.35 

  4 13.4 0.22, t=1.26, df=16, P=0.23 -0.05, t=-0.95, df=15, P=0.36 -0.05, t=-1.04, df=15, P=0.32 

Corymbia porrecta      

 DBH<20cm 1 1.6 -0.07, t=-0.53, df=17, P=0.60   

  2 1.8 -0.07, t=-0.54, df=16, P=0.60 0.01, t=0.19, df=16, P=0.85  

  3 11.4 -0.17, t=-1.14, df=16, P=0.27  0.05, t=1.33, df=16, P=0.20 
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Basal area variable Model % dev. exp. GAMBA GRAZ FIRE 

  4 12.0 -0.18, t=-1.15, df=15, P=0.27 0.01, t=0.31, df=15, P=0.76 0.05, t=1.32, df=15, P=0.207 

 DBH>20cm 1 7.2 -0.08, t=-1.15, df=17, P=0.27   

  2 7.5 -0.08, t=-1.13, df=16, P=0.28 0.01, t=0.21, df=16, P=0.84  

  3 32.2 -0.17, t=-2.36, df=16, P=0.03  0.05, t=2.43, df=16, P=0.03 

  4 33.2 -0.18, t=-2.35, df=15, P=0.03 0.01, t=0.22, df=15, P=0.83 0.05, t=2.40, df=15, P=0.03 

 total 1 3.7 -0.13, t=-0.81, df=17, P=0.43   

  2 4.0 -0.14, t=-0.82, df=16, P=0.42 0.01, t=0.22, df=16, P=0.83  

  3 20.8 -0.30, t=-1.70, df=16, P=0.11  0.08, t=1.86, df=16, P=0.08 

  4 21.6 -0.31, t=-1.70, df=15, P=0.11 0.02, t=0.40, df=15, P=0.70 0.09, t=1.84, df=15, P=0.09 

Erythrophleum chlorostachys      

 DBH<20cm 1 4.9 -0.14, t=-0.93, df=17, P=0.37   

  2 20.0 -0.09, t=-0.66, df=16, P=0.52 -0.08, t=-1.74, df=16, P=0.10  

  3 7.3 -0.19, t=-1.12, df=16, P=0.28  0.03, t=0.64, df=16, P=0.53 

  4 21.5 -0.14, t=-0.82, df=15, P=0.43 -0.08, t=-1.65, df=15, P=0.12 0.02, t=0.52, df=15, P=0.61 

 DBH>20cm 1 29.0 -0.25, t=-2.64, df=17, P=0.02   

  2 43.0 -0.22, t=-2.45, df=16, P=0.03 -0.06, t=-1.98, df=16, P=0.07  

  3 30.2 -0.28, t=-2.48, df=16, P=0.03  0.02, t=0.52, df=16, P=0.61 

  4 43.6 -0.24, t=-2.24, df=15, P=0.04 -0.06, t=-1.89, df=15, P=0.08 0.01, t=0.39, df=15, P=0.70 

 total 1 18.5 -0.29, t=-1.97, df=17, P=0.07   
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Basal area variable Model % dev. exp. GAMBA GRAZ FIRE 

  2 38.1 -0.024, t=-1.75, df=16, P=0.10 -0.10, t=-2.24, df=16, P=0.04  

  3 21.6 -0.36, t=-2.07, df=16, P=0.06  0.04, t=0.79, df=16, P=0.44 

  4 39.8 -0.30, t=-1.82, df=15, P=0.09 -0.10, t=-2.13, df=15, P=0.05 0.03, t=0.68, df=15, P=0.51 

Eucalytus miniata      

 DBH<20cm 1 24.4 -0.38, t=-2.34, df=17, P=0.03   

  2 24.4 -0.38, t=-2.23, df=16, P=0.04 -0.001, t=-0.0003, df=16, P=1.00  

  3 29.6 -0.48, t=-2.58, df=16, P=0.02  0.05, t=1.09, df=16, P=0.29 

  4 29.6 -0.49, t=-2.47, df=15, P=0.03 0.01, t=0.09, df=15, P=0.93 0.05, t=1.06, df=15, P=0.31 

 DBH>20cm 1 23.5 -0.47, t=-2.29, df=17, P=0.04   

  2 24.2 -0.49, t=-2.26, df=16, P=0.04 0.03, t=0.37, df=16, P=0.72  

  3 39.5 -0.71, t=-3.20, df=16, P<0.01*  0.12, t=2.06, df=16, P=0.06 

  4 40.9 -0.73, t=-3.19, df=15, P<0.01* 0.04, t=0.59, df=15, P=0.56 0.12, t=2.06, df=15, P=0.06 

 total 1 25.7 -0.60, t=-2.43, df=17, P=0.03   

  2 26.3 -0.61, t=-2.39, df=16, P=0.03 0.03, t=0.35, df=16, P=0.73  

  3 37.1 -0.83, t=-3.07, df=16, P<0.01*  0.12, t=1.70, df=16, P=0.11 

  4 38.2 -0.86, t=-3.04, df=15, P<0.01* 0.04, t=0.52, df=15, P=0.61 0.12, t=1.70, df=15, P=0.11 

Eucalyptus tetrodonta      

 DBH<20cm 1 27.9 -0.22, t=-2.57, df=17, P=0.02   

  2 30.7 -0.21, t=-2.35, df=16, P=0.03 -0.02, t=-0.80, df=16, P=0.44  

  3 29.0 -0.25, t=-2.41, df=16, P=0.03  0.01, t=0.49, df=16, P=0.63 
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Basal area variable Model % dev. exp. GAMBA GRAZ FIRE 

  4 31.4 -0.23, t=-2.18, df=15, P=0.05 -0.02, t=-0.73, df=15, P=0.48 0.01, t=0.42, df=15, P=0.68 

 DBH>20cm 1 28.5 -0.34, t=-2.60, df=17, P=0.02   

  2 28.6 -0.34, t=-2.47, df=16, P=0.03 -0.004, t=-0.08, df=16, P=0.94  

  3 29.7 -0.38, t=-2.46, df=16, P=0.03  0.02, t=0.53, df=16, P=0.60 

  4 29.7 -0.38, t=-2.32, df=15, P=0.04 -0.002, t=-0.03, df=15, P=0.98 0.02, t=0.50, df=15, P=0.62 

 total 1 32.8 -0.47, t=-2.88, df=17, P=0.01   

  2 33.7 -0.45, t=-2.68, df=16, P=0.02 -0.03, t=-0.48, df=16, P=0.64  

  3 34.9 -0.54, t=-2.81, df=16, P=0.01  0.04, t=0.73, df=16, P=0.48 

  4 35.6 -0.52, t=-2.60, df=15, P=0.02 -0.02, t=-0.41, df=15, P=0.69 0.03, t=0.67, df=15, P=0.51 

Syzygium suborbiculare      

 DBH<20cm 1 8.5 -0.15, t=-1.26, df=17, P=0.23   

  2 28.9 -0.11, t=-0.97, df=16, P=0.35 -0.08, t=-2.15, df=16, P=0.05  

  3 13.4 -0.08, t=-0.59, df=16, P=0.56  -0.03, t=-0.95, df=16, P=0.36 

  4 35.8 -0.02, t=-0.19, df=15, P=0.85 -0.08, t=-2.29, df=15, P=0.04 -0.04, t=-1.27, df=15, P=0.22 

 DBH>20cm 1 12.1 -0.02, t=-1.34, df=17, P=0.20   

  2 27.2 -0.01, t=-1.06, df=16, P=0.31 -0.01, t=-2.03, df=16, P=0.06  

  3 21.2 -0.01, t=-0.46, df=16, P=0.65  -0.01, t=-1.39, df=16, P=0.18 

  4 42.4 -0.001, t=-0.05, df=15, P=0.96 -0.01, t=-2.30, df=15, P=0.04 -0.01, t=-1.77, df=15, P=0.10 

 total 1 7.9 -0.13, t=-1.21, df=17, P=0.24   
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Basal area variable Model % dev. exp. GAMBA GRAZ FIRE 

  2 29.5 -0.09, t=-0.92, df=16, P=0.37 -0.07, t=-2.22, df=16, P=0.04  

  3 12.4 -0.07, t=-0.56, df=16, P=0.58  -0.03, t=-0.91, df=16, P=0.38 

 4 36.1 -0.02, t=-0.15, df=15, P=0.88 -0.08, t=-2.36, df=15, P=0.03 -0.04, t=-1.24, df=15, P=0.23 

Xanthostemon paradoxus      

 DBH<20cm 1 16.0 0.35, t=1.80, df=17, P=0.09   

  2 16.9 0.37, t=1.80, df=16, P=0.09 -0.03, t=-0.42, P=0.68  

  3 16.5 0.32, t=1.35, df=16, P=0.20  0.02, t=0.30, df=16, P=0.77 

  4 17.3 0.34, t=1.36, df=15, P=0.19 -0.03, t=-0.38, df=15, P=0.71 0.02, t=0.26, df=15, P=0.80 

 DBH>20cm 1 17.0 0.03, t=1.79, df=17, P=0.09   

  2 17.0 0.03, t=1.79, df=16, P=0.09 -0.002, t=-0.44, df=16, P=0.67  

  3 26.4 0.02, t=0.85, df=16, P=0.41  0.07, t=1.43, df=16, P=0.17 

  4 26.4 0.02, t=0.87, df=15, P=0.40 -0.002, t=-033, df=15, P=0.75 0.01, t=1.35, df=15, P=0.20 

 total 1 17.6 0.33, t=1.91, df=17, P=0.07   

  2 19.0 0.34, t=1.93, df=16, P=0.07 -0.03, t=-0.52, df=16, P=0.61  

  3 18.4 0.29, t=1.40, df=16, P=0.18  0.02, t=0.38, df=16, P=0.71 

  4 19.5 0.31, t=1.43, df=15, P=0.17 -0.03, t=-0.47, df=15, P=0.65 0.02, t=0.33, df=15, P=0.75 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs without the interaction terms because all interactions were 

found to be non-significant 
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Complete Generalised Linear Modelling results tables 

and additional figures for savanna woodland fauna. 
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Table VII. Generalised Linear Modelling results of frog richness and abundance 

variables versus gamba grass cover, survey year, grazing disturbance and distance to 

water. Models used GAMBA, YEAR, GRAZ and DISTW as predictor variables and 

were constructed as follows: 1: response variable ~ GAMBA; 2: response variable ~ 

GAMBA + YEAR; 3: response variable ~ GAMBA + YEAR + GRAZ; 4: response 

variable ~ GAMBA + YEAR + DISTW; 5: response variable ~ GAMBA + YEAR + 

GRAZ + DISTW. GLM was done with and without Paddock sites and is indicated in 

the model labels by the symbols ‘a’ and ‘b’, respectively. Where results are presented 

for one season only, there were less than eight records for the species and therefore 

abundance was not analysed. DISTW was distance to current water in the dry season 

(measured as described in Table 4.2). Dry season values of DISTW for non-paddock 

sites were invariant hence Models 4b and 5b were not tested. Results shown
$
 are 

coefficients, t values and associated probabilities for each predictor variable 

(statistically significant results are indicated by * for P<0.01 or ** for P<0.001); and 

% deviance explained
^
 by each model. GAMBA was arcsine-transformed

^
 and all 

abundance variables were log-10 transformed. All models used a Gaussian error 

distribution with identity link. 

Frog 

variable 

Model % dev. 

exp. 

GAMBA YEAR GRAZ DISTW 

species richness      

 dry 1a 3.1 1.18, t=1.15, 

df=42, P=0.26 

   

  1b 0.1 0.21, t=0.15, 

df=33, P=0.88 

   

  2a 16.7 1.04, t=1.08, 

df=41, P=0.29 

0.48, t=2.59, 

df=41, P=0.01 

  

  2b 14.9 0.18, t=0.14, 

df=32, P=0.89 

0.48, t=2.36, 

df=32, P=0.02 

  

  3a 17.6 1.35, t=1.26, 

df=40, P=0.21 

0.50, t=2.65, 

df=40, P=0.01 

-0.10, t=-0.66, 

df=40, P=0.51 

 

  3b 23.1 0.08, t=0.06, 

df=31, P=0.95 

0.56, t=2.80, 

df=31, P<0.01* 

-0.34, t=-1.81, 

df=31, P=0.08 

 

  4a 17.1 0.85, t=0.78, 

df=40, P=0.44 

0.50, t=2.58, 

df=40, P=0.01 

 -0.82, t=-0.40, 

df=40, P=0.69 

  5a 18.7 1.12, t=1.00, 

df=39, P=0.32 

0.55, t=2.73, 

df=39, P<0.01* 

-0.15, t=-0.90, 

df=39, P=0.37 

-1.63, t=-0.73, 

df=39, P=0.47 

 wet 1a 5.3 -1.60, t=-1.51, 

df=41, P=0.14 

   

  1b 5.5 -1.59, t=-1.39, 

df=33, P=0.17 

   

  2a 5.5 -1.58, t=-1.46, 

df=40, P=0.15 

-0.07, t=-0.27, 

df=40, P=0.79 

  

  2b 8.7 -1.49, t=-1.30, 

df=32, P=0.20 

-0.30, t=-1.06, 

df=32, P=0.85 

  

  3a 9.9 -0.99, t=-0.87, 

df=39, P=0.39 

-0.02, t=-0.09, 

df=39, P=0.93 

-0.32, t=-1.39, 

df=39, P=0.17 

 

  3b 14.8 -1.20, t=-1.05, 

df=31, P=0.30 

-0.15, t=-0.51, 

df=31, P=0.61 

-0.49, t=-1.49, 

df=31, P=0.15 
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Frog 

variable 

Model % dev. 

exp. 

GAMBA YEAR GRAZ DISTW 

  4a 12.8 -1.74, t=-1.65, 

df=39, P=0.11 

0.003, t=0.01, 

df=39, P=0.99 

 -0.57, t=-1.81, 

df=39, P=0.08 

  4b 14.7 -1.53, t=-1.36, 

df=31, P=0.18 

-0.25, t=0.89, 

df=31, P=0.38 

 -0.49, t=-1.48, 

df=31, P=0.15 

  5a 16.5 -1.19, t=-1.06, 

df=38, P=0.30 

0.04, t=0.17, 

df=38, P=0.87 

-0.30, t=-1.30, 

df=38, P=0.20 

-0.54, t=-1.74, 

df=38, P=0.09 

  5b 18.3 -1.29, t=-1.13, 

df=30, P=0.27 

-0.14, t=-0.49, 

df=30, P=0.63 

-0.39, t=-1.15, 

df=30, P=0.26 

-0.39, t=-1.14, 

df=30, P=0.26 

total abundance
#
      

 dry 1a 5.4 0.50, t=1.55, 

df=42, P=0.13 

   

  1b 0.1 0.06, t=0.15, 

df=33, P=0.88 

   

  2a 15.7 0.46, t=1.49, 

df=41, P=0.14 

0.13, t=2.24, 

df=41, P=0.03 

  

  2b 10.7 0.05, t=0.14, 

df=32, P=0.89 

0.11, t=1.96, 

df=32, P=0.06 

  

  3a 16.1 0.52, t=1.51, 

df=40, P=0.14 

0.14, t=2.26, 

df=40, P=0.03 

-0.02, t=-0.42, 

df=40, P=0.68 

 

  3b 19.1 0.02, t=0.07, 

df=31, P=0.94 

0.14, t=2.38, 

df=31, P=0.02 

-0.10, t=-1.79, 

df=31, P=0.08 

 

  4a 15.7 0.46, t=1.33, 

df=40, P=0.19 

0.13, t=2.13, 

df=40, P=0.04 

 0.02, t=0.03, 

df=40, P=0.98 

  5a 16.1 0.51, t=1.39, 

df=39, P=0.17 

0.14, t=2.15, 

df=39, P=0.04 

-0.02, t=-0.44, 

df=39, P=0.72 

-0.11, t=-0.16, 

df=39, P=0.87 

 wet 1a 2.6 0.42, t=1.05, 

df=41, P=0.30 

   

  1b 0.5 0.18, t=0.41, 

df=33, P=0.68 

   

  2a 12.9 0.50, t=1.30, 

df=40, P=0.20 

-0.21, t=-2.17, 

df=40, P=0.04 

  

  2b 15.3 0.26, t=0.62, 

df=32, P=0.54 

-0.24, t=-2.36, 

df=32, P=0.02 

  

  3a 13.1 0.54, t=1.30, 

df=39, P=0.18 

-0.20, t=-2.09, 

df=39, P=0.04 

-0.03, t=-0.30, 

df=39, P=0.77 

 

  3b 15.3 0.26, t=0.61, 

df=31, P=0.55 

-0.24, t=-2.18, 

df=31, P=0.04 

-0.004, t=-0.03, 

df=31, P=0.98 

 

  4a 13.0 0.50, t=1.29, 

df=39, P=0.20 

-0.21, t=-2.15, 

df=39, P=0.04 

 0.02, t=0.21, 

df=39, P=0.83 

  4b 15.8 0.26, t=0.62, 

df=31, P=0.54 

-0.22, t=-2.24, 

df=31, P=0.03 

 0.10, t=0.75, 

df=31, P=0.46 

  5a 13.2 0.55, t=1.30, 

df=38, P=0.20 

-0.21, t=-2.07, 

df=38, P=0.05 

-0.03, t=-0.31, 

df=38, P=0.76 

0.03, t=0.23, 

df=38, P=0.82 

  5b 15.8 0.27, t=0.63, 

df=30, P=0.53 

-0.24, t=-2.16, 

df=30, P=0.04 

-0.02, t=-0.14, 

df=30, P=0.89 

0.06, t=0.44, 

df=30, P=0.66 

Crinia bilingua      

 wet 1a 6.2 0.89, t=1.64, 

df=41, P=0.11 
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Frog 

variable 

Model % dev. 

exp. 

GAMBA YEAR GRAZ DISTW 

  1b 1.9 0.45, t=0.80, 

df=33, P=0.43 

   

  2a 7.9 0.94, t=1.72, 

df=40, P=0.09 

-0.12, t=-0.87, 

df=40, P=0.39 

  

  2b 5.3 0.50, t=0.89, 

df=32, P=0.38 

-0.15, t=-1.08, 

df=32, P=0.29 

  

  3a 8.7 0.81, t=1.37, 

df=39, P=0.18 

-0.13, t=-0.94, 

df=39, P=0.35 

0.07, t=0.58, 

df=39, P=0.57 

 

  3b 8.8 0.39, t=0.69, 

df=31, P=0.50 

-0.20, t=-1.38, 

df=31, P=0.18 

0.18, t=1.08, 

df=31, P=0.29 

 

  4a 8.1 0.93, t=1.67, 

df=39, P=0.10 

-0.11, t=-0.82, 

df=39, P=0.42 

 -0.04, t=-0.22, 

df=39, P=0.83 

  4b 5.3 0.50, t=0.87, 

df=31, P=0.39 

-0.15, t=-1.06, 

df=31, P=0.30 

 0.01, t=0.04, 

df=31, P=0.97 

  5a 8.9 0.79, t=1.32, 

df=38, P=0.19 

-0.12, t=-0.88, 

df=38, P=0.38 

0.07, t=0.59, 

df=38, P=0.56 

-0.04, t=-0.26, 

df=38, P=0.80 

  5b 9.0 0.38, t=0.66, 

df=30, P=0.51 

-0.20, t=-1.35, 

df=30, P=0.19 

0.19, t=1.09, 

df=30, P=0.28 

-0.04, t=-0.24, 

df=30, P=0.81 

Cyclorana australis      

 wet
+
 1a 0.5 0.07, t=0.46, 

df=41, P=0.65 

   

  2a 5.1 0.05, t=0.33, 

df=40, P=0.74 

0.05, t=1.39, 

df=40, P=0.17 

  

  3a 7.1 -0.01, t=-0.03, 

df=39, P=0.98 

0.05, t=1.25, 

df=39, P=0.22 

0.03, t=0.91, 

df=39, P=0.37 

 

  4a 6.4 0.06, t=0.39, 

df=39, P=0.70 

0.05, t=1.25, 

df=39, P=0.22 

 0.03, t=0.75, 

df=39, P=0.468 

  5a 8.2 0.01, t=0.04, 

df=38, P=0.97 

0.04, t=1.13, 

df=38, P=0.27 

0.03, t=0.86, 

df=38, P=0.40 

0.03, t=0.69, 

df=38, P=0.49 

Cyclorana longipes      

 wet 1a 0.8 -0.16, t=-0.57, 

df=41, P=0.57 

   

  1b 0.3 -0.11, t=-0.31, 

df=33, P=0.76 

   

  2a 18.9 -0.24, t=-0.90, 

df=40, P=0.37 

0.20, t=2.99, 

df=40, P<0.01* 

  

  2b 24.1 -0.19, t=-0.60, 

df=32, P=0.55 

0.24, t=3.17, 

df=32, P<0.01* 

  

  3a 19.0 -0.22, t=-0.75, 

df=39, P=0.46 

0.20, t=2.95, 

df=39, P<0.01* 

-0.01, t=-0.21, 

df=39, P=0.83 

 

  3b 25.8 -0.14, t=-0.44, 

df=31, P=0.66 

0.27, t=3.25, 

df=31, P<0.01* 

-0.08, t=-0.84, 

df=31, P=0.41 

 

  4a 21.3 -0.26, t=-0.99, 

df=39, P=0.33 

0.21, t=3.13, 

df=39, P<0.01* 

 -0.09, t=-1.10, 

df=39, P=0.28 

  4b 26.4 -0.19, t=-0.62, 

df=31, P=0.54 

0.25, t=3.26, 

df=31, P<0.01* 

 -0.09, t=-0.99, 

df=31, P=0.33 

  5a 21.3 -0.25, t=-0.86, 

df=38, P=0.40 

0.21, t=3.08, 

df=38, P<0.01* 

-0.01, t=-0.14, 

df=38, P=0.89 

-0.09, t=-1.08, 

df=38, P=0.29 
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Frog 

variable 

Model % dev. 

exp. 

GAMBA YEAR GRAZ DISTW 

  5b 27.3 -0.16, t=-0.50, 

df=30, P=0.62 

0.27, t=3.25, 

df=30, P<0.01* 

-0.06, t=-0.61, 

df=30, P=0.55 

-0.08, t=-0.79, 

df=30, P=0.44 

Limnodynastes 

convexiusculus. 

     

 dry
+
 1a 17.7 0.68, t=3.01, 

df=42, P<0.01* 

   

  2a 21.7 0.66, t=2.96, 

df=41, P<0.01* 

0.06, t=1.44, 

df=41, P=0.16 

  

  3a 21.8 0.64, t=2.55, 

df=40, P=0.01 

0.06, t=1.37, 

df=40, P=0.18 

0.01, t=0.17, 

df=40, P=0.87 

 

  4a 21.7 0.67, t=2.64, 

df=40, P=0.01 

0.06, t=1.37, 

df=40, P=0.18 

 0.02 t=0.04, 

df=40, P=0.97 

  5a 21.8 0.65, t=2.45, 

df=39, P=0.02 

0.06, t=1.23, 

df=39, P=0.23 

0.01, t=0.20, 

df=39, P=0.84 

0.06, t=0.11, 

df=39, P=0.91 

 wet 1a 1.7 0.30, t=0.85, 

df=41, P=0.40 

   

  1b 1.5 0.27, t=0.71, 

df=33, P=0.48 

   

  2a 20.3 0.39, t=1.22, 

df=40, P=0.23 

-0.24, t=-3.05, 

df=40, P<0.01* 

  

  2b 42.1 0.38, t=1.28, 

df=32, P=0.21 

-0.35, t=-4.73, 

df=32, P<0.001** 

  

  3a 23.5 0.55, t=1.61, 

df=39, P=0.12 

-0.23, t=-2.88, 

df=39, P<0.01* 

-0.09, t=-1.28, 

df=39, P=0.21 

 

  3b 50.2 0.48, t=1.72, 

df=31, P=0.10 

-0.29, t=-3.98, 

df=31, P<0.001** 

-0.18, t=-2.24, 

df=31, P=0.03 

 

  4a 20.5 0.38, t=1.17, 

df=39, P=0.25 

-0.24, t=-2.93, 

df=39, P<0.01* 

 -0.03, t=-0.33, 

df=39, P=0.74 

  4b 45.2 0.37, t=1.26, 

df=31, P=0.22 

-0.34, t=-4.60, 

df=31, P<0.001** 

 -0.11, t=-1.32, 

df=31, P=0.20 

  5a 23.6 0.54, t=1.56, 

df=38, P=0.13 

-0.23, t=-2.78, 

df=38, P<0.01* 

-0.09, t=-1.24, 

df=38, P=0.22 

-0.02, t=-0.25, 

df=38, P=0.80 

  5b 51.3 0.47, t=1.65, 

df=30, P=0.11 

-0.29, t=-3.93, 

df=30, P<0.001** 

-0.17, t=-1.94, 

df=30, P=0.06 

-0.07, t=-0.83, 

df=30, P=0.41 

Limnodynastes 

ornatus 

     

 wet 1a 0.7 -0.11, t=-0.53, 

df=41, P=0.60 

   

  1b 0.7 -0.12, t=-0.48, 

df=33, P=0.63 

   

  2a 10.7 -0.15, t=-0.75, 

df=40, P=0.46 

0.11, t=2.12, 

df=40, P=0.04 

  

  2b 14.7 -0.16, t=-0.69, 

df=32, P=0.50 

0.13, t=2.30, 

df=32, P=0.03 

  

  3a 10.8 -0.14, t=-0.62, 

df=39, P=0.54 

0.11, t=2.10, 

df=39, P=0.04 

-0.01, t=-0.20, 

df=39, P=0.84 

 

  3b 17.4 -0.12, t=-0.50, 

df=31, P=0.62 

0.15, t=2.50, 

df=31, P=0.02 

-0.07, t=-0.99, 

df=31, P=0.33 
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Frog 

variable 

Model % dev. 

exp. 

GAMBA YEAR GRAZ DISTW 

  4a 16.1 -0.13, t=-0.63, 

df=39, P=0.53 

0.09, t=1.88, 

df=39, P=0.07 

 0.09, t=1.58, 

df=39, P=0.12 

  4b 19.1 -0.15, t=-0.66, 

df=31, P=0.51 

0.12, t=2.15, 

df=31, P=0.04 

 0.09, t=1.30, 

df=31, P=0.20 

  5a 16.3 -0.10, t=-0.47, 

df=38, P=0.64 

0.10, t=1.88, 

df=38, P=0.07 

-0.01, t=-0.31, 

df=38, P=0.76 

0.10, t=1.58, 

df=38, P=0.12 

  5b 24.1 -0.09, t=-0.40, 

df=30, P=0.69 

0.15, t=2.52, 

df=30, P=0.02 

-0.10, t=-1.41, 

df=30, P=0.17 

0.11, t=1.64, 

df=30, P=0.11 

Litoria nasuta      

 wet 1a 0.2 0.04, t=0.27, 

df=41, P=0.79 

   

  1b 0.2 0.03, t=0.23, 

df=33, P=0.82 

   

  2a 13.8 0.07, t=0.53, 

df=40, P=0.60 

-0.08, t=-2.52, 

df=40, P=0.02 

  

  2b 16.8 0.06, t=0.44, 

df=32, P=0.66 

-0.09, t=-2.53, 

df=32, P=0.02 

  

  3a 15.0 0.11, t=0.76, 

df=39, P=0.45 

-0.08, t=-2.38, 

df=39, P=0.02 

-0.02, t=-0.74, 

df=39, P=0.46 

 

  3b 17.6 0.08, t=0.53, 

df=31, P=0.60 

-0.08, t=-2.17, 

df=31, P=0.04 

-0.02, t=-0.56, 

df=31, P=0.58 

 

  4a 30.6 0.04, t=0.32, 

df=39, P=0.75 

-0.07, t=-2.25, 

df=39, P=0.03 

 -0.11, t=-3.07, 

df=39, P<0.01* 

  4b 28.4 0.06, t=0.42, 

df=31, P=0.68 

-0.08, t=-2.40, 

df=31, P=0.02 

 -0.09, t=-2.24, 

df=31, P=0.03 

  5a 31.2 0.07, t=0.52, 

df=38, P=0.61 

-0.06, t=-2.15, 

df=38, P=0.04 

-0.02, t=-0.61, 

df=38, P=0.55 

-0.11, t=-2.99, 

df=38, P<0.01* 

  5b 28.4 0.06, t=0.41, 

df=30, P=0.68 

-0.08, t=-2.23, 

df=30, P=0.03 

-0.001, t=-0.02, 

df=30, P=0.98 

-0.09, t=-2.13, 

df=30, P=0.04 

Uperolia inundata      

 wet 1a 0.6 -0.13, t=-0.49, 

df=41, P=0.63 

   

  1b 0.3 -0.10, t=-0.34, 

df=33, P=0.74 

   

  2a 5.9 -0.17, t=-0.64, 

df=40, P=0.53 

0.10, t=1.50, 

df=40, P=0.14 

  

  2b 4.7 -0.13, t=-0.43, 

df=32, P=0.67 

0.09, t=1.21, 

df=32, P=0.24 

  

  3a 10.5 -0.02, t=-0.08, 

df=39, P=0.94 

0.11, t=1.69, 

df=39, P=0.10 

-0.08, t=-1.42, 

df=39, P=0.16 

 

  3b 14.6 -0.03, t=-0.12, 

df=31, P=0.91 

0.14, t=1.82, 

df=31, P=0.08 

-0.16, t=-1.90, 

df=31, P=0.07 

 

  4a 8.0 -0.19, t=-0.72, 

df=39, P=0.48 

0.10, t=1.63, 

df=39, P=0.11 

 -0.07, t=-0.94, 

df=39, P=0.35 

  4b 5.1 -0.13, t=-0.43, 

df=31, P=0.67 

0.09, t=1.23, 

df=31, P=0.23 

 -0.04, t=-0.39, 

df=31, P=0.70 

  5a 12.2 -0.05, t=-0.17, 

df=38, P=0.87 

0.11, t=1.79, 

df=38, P=0.08 

-0.08, t=-1.35, 

df=38, P=0.19 

-0.07, t=-0.85, 

df=38, P=0.40 
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Frog 

variable 

Model % dev. 

exp. 

GAMBA YEAR GRAZ DISTW 

  5b 14.7 -0.03, t=-0.11, 

df=30, P=0.91 

0.14, t=1.79, 

df=30, P=0.08 

-0.17, t=-1.83, 

df=30, P=0.08 

0.01, t=0.08, 

df=30, P=0.94 

Uperolia lithomoda      

 wet 1a 3.8 -0.47, t=-1.28, 

df=41, P=0.21 

   

  1b 0.8 -0.22, t=-0.51, 

df=33, P=0.61 

   

  2a 17.8 -0.38, t=-1.11, 

df=40, P=0.27 

-0.22, t=-2.61, 

df=40, P=0.01 

  

  2b 20.6 -0.14, t=-0.34, 

df=32, P=0.74 

-0.28, t=-2.83, 

df=32, P<0.01* 

  

  3a 27.4 -0.09, t=-0.25, 

df=39, P=0.80 

-0.20, t=-2.42, 

df=39, P=0.02 

-0.61, t=-2.27, 

df=39, P=0.03 

 

  3b 22.9 -0.07, t=-0.17, 

df=31, P=0.87 

-0.25, t=-2.34, 

df=31, P=0.03 

-0.11, t=-0.96, 

df=31, P=0.34 

 

  4a 18.8 -0.40, t=-1.15, 

df=39, P=0.26 

-0.22, t=-2.45, 

df=39, P=0.02 

 -0.07, t=-0.71, 

df=39, P=0.48 

  4b 22.9 -0.14, t=-0.36, 

df=31, P=0.72 

-0.27, t=-2.69, 

df=31, P=0.01 

 -0.11, t=-0.95, 

df=31, P=0.35 

  5a 28.1 -0.11, t=-0.30, 

df=38, P=0.77 

-0.19, t=-2.29, 

df=38, P=0.03 

-0.16, t=-2.21, 

df=38, P=0.03 

-0.06, t=-0.59, 

df=38, P=0.56 

  5b 24.2 -0.09, t=-0.22, 

df=30, P=0.83 

-0.25, t=-2.30, 

df=30, P=0.03 

-0.09, t=-0.73, 

df=30, P=0.47 

-0.09, t=-0.72, 

df=30, P=0.48 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because all interactions were found to be non-significant. 

^ Formulae for % deviance explained and arcsine transformation are given in Table 3.4. 

+ Insufficient number of records to test models excluding paddock sites (i.e. 1b-5b). 
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Table VIII. Generalised Linear Modelling results of reptile richness and abundance 

variables versus gamba grass cover, survey year, grazing and fire disturbance. Models 

used GAMBA, YEAR, GRAZ and FIRE as predictor variables and were constructed 

as follows: 1: response variable ~ GAMBA; 2: response variable ~ GAMBA + YEAR; 

3: response variable ~ GAMBA + YEAR + GRAZ; 4: response variable ~ GAMBA + 

YEAR + FIRE; 5: response variable ~ GAMBA + YEAR + GRAZ + FIRE. GLM was 

done with and without Paddock sites (indicated by ‘a’ and ‘b’ respectively, in model 

labels). Where results are presented for one season only, there were less than eight 

records for the species and therefore abundance was not analysed. Results shown
$
 are 

coefficients, t values and associated probabilities for each predictor variable 

(statistically significant results are indicated by * for P<0.01 or ** for P<0.001); and 

% deviance explained by each model. GAMBA was arcsine-transformed and 

individual species abundance variables were log-10 transformed; other transformations 

are duly noted. All models used a Gaussian error distribution with identity link. 

Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

species richness      

 dry 1a 46.9 -11.35, t=-6.09, 

df=42, P<0.001** 

   

  1b 25.1 -9.05, t=-3.32, 

df=33, P<0.01* 

   

  2a 48.7 -11.22, t=-6.04, 

df=41, P<0.001** 

-0.43, t=-1.21, 

df=41, P=0.23 

  

  2b 28.4 -9.02, t=-3.34, 

df=32, P<0.01* 

-0.51, t=-1.22, 

df=32, P=0.23 

  

  3a 53.5 -9.45, t=-4.74, 

df=40, P<0.001** 

-0.31, t=-0.87, 

df=40, P=0.39 

-0.57, t=-2.02, 

df=40, P=0.05 

 

  3b 36.9 -9.23, t=-3.58, 

df=31, P<0.01* 

-0.31, t=-0.77, 

df=31, P=0.45 

-0.77, t=-2.05, 

df=31, P=0.05 

 

  4a 56.9 -9.00, t=-4.73, 

df=40, P<0.001** 

-0.50, t=-1.51, 

df=40, P=0.14 

 0.83, t=2.76, 

df=40, P<0.01* 

  4b 34.5 -9.22, t=-3.51, 

df=31, P<0.01* 

-0.53, t=-1.32, 

df=31, P=0.20 

 0.71, t=1.69, 

df=31, P=0.10 

  5a 59.0 -8.08, t=-4.07, 

df=39, P<0.001** 

-0.40, t=-1.20, 

df=39, P=0.24 

-0.40, t=-1.43, 

df=39, P=0.16 

0.71, t=2.31, 

df=39, P=0.03 

  5b 42.6 -9.43, t=-3.76, 

df=30, P<0.001** 

-0.34, t=-0.86, 

df=30, P=0.40 

-0.75, t=-2.06, 

df=30, P=0.05 

0.69, t=1.72, 

df=30, P=0.10 

 wet 1a 18.0 -4.51, t=-3.00, 

df=41, P<0.01* 

   

  1b 11.4 -3.43, t=-2.06, 

df=33, P=0.05 

   

  2a 22.7 -4.28, t=-2.89, 

df=40, P<0.01* 

-0.58, t=-1.57, 

df=40, P=0.12 

  

  2b 19.5 -3.21, t=-1.98, 

df=32, P=0.06 

-0.73, t=-1.80, 

df=32, P=0.08 

  

  3a 36.9 -2.70, t=-1.85, 

df=39, P=0.07 

-0.44, t=-1.31, 

df=39, P=0.20 

-0.88, t=-2.96, 

df=39, P<0.01* 
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Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  3b 23.0 -2.87, t=-1.76, 

df=31, P=0.09 

-0.55, t=-1.30, 

df=31, P=0.20 

-0.57, t=-1.19, 

df=31, P=0.24 

 

  4a 25.1 -4.44, t=-2.99, 

df=39, P<0.01* 

-0.66, t=-1.76, 

df=39, P=0.09 

 0.559, t=1.10, 

df=39, P=0.28 

  4b 20.5 -3.81, t=-1.99, 

df=31, P=0.06 

-0.82, t=-1.88, 

df=31, P=0.07 

 0.51, t=0.61, 

df=31, P=0.55 

  5a 37.1 -2.80, t=-1.85, 

df=38, P=0.07 

-0.47, t=-1.33, 

df=38, P=0.19 

-0.85, t=-2.70, 

df=38, P=0.01 

0.17, t=0.32, 

df=38, P=0.75 

  5b 24.2 -3.52, t=-1.84, 

df=30, P=0.08 

-0.66, t=-1.44, 

df=30, P=0.16 

-0.58, t=-1.21, 

df=30, P=0.24 

0.56, t=0.67, 

df=30, P=0.51 

total abundance      

 dry
#
 1a 46.6 -0.97, t=-6.06, 

df=42, P<0.001** 

   

  1b 44.6 -1.09, t=-5.15, 

df=33, P<0.001** 

   

  2a 46.7 -0.97, t=-5.99, 

df=41, P<0.001** 

0.01, t=0.19, 

df=41, P=0.85 

  

  2b 44.7 -1.09, t=-5.08, 

df=32, P<0.001** 

0.01, t=0.24, 

df=32, P=0.81 

  

  3a 49.4 -0.85, t=-4.81, 

df=40, P<0.001** 

0.01, t=0.45, 

df=40, P=0.66 

-0.04, t=-1.46, 

df=40, P=0.15 

 

  3b 58.6 -1.12, t=-5.91, 

df=31, P<0.001** 

0.03, t=1.01, 

df=31, P=0.32 

-0.09, t=-3.23, 

df=31, P<0.01* 

 

  4a 51.8 -0.82, t=-4.76, 

df=40, P<0.001** 

0.001, t=0.04, 

df=40, P=0.97 

 0.06, t=2.06, 

df=40, P=0.05 

  4b 51.4 -1.11, t=-5.42, 

df=31, P<0.001** 

0.01, t=0.18, 

df=31, P=0.86 

 0.07, t=2.07, 

df=31, P=0.05 

  5a 52.9 -0.76, t=-4.19, 

df=39, P<0.001** 

0.01, t=0.24, 

df=39, P=0.81 

-0.03, t=-0.98, 

df=39, P=0.33 

0.05, t=1.72, 

df=39, P=0.09 

  5b 64.8 -1.14, t=-6.40, 

df=30, P<0.001** 

0.03, t=0.99, 

df=30, P=0.33 

-0.09, t=-3.38, 

df=30, P<0.01* 

0.07, t=2.30, 

df=30, P=0.03 

 wet 1a 18.2 -19.3, t=-3.02, 

df=41, P<0.01* 

   

  1b 15.2 -17.12, t=-2.43, 

df=33, P=0.02 

   

  2a 23.3 18.3, t=-2.91, 

df=40, P<0.01* 

-2.55, t=-1.63, 

df=40, P=0.11 

  

  2b 20.5 -16.33, t=-2.35, 

df=32, P=0.03 

-2.52, t=-1.46, 

df=32, P=0.15 

  

  3a 29.0 -14.03, t=-2.13, 

df=39, P=0.04 

-2.20, t=-1.43, 

df=39, P=0.16 

-2.35, t=-1.76, 

df=39, P=0.09 

 

  3b 21.2 -15.72, t=-2.20, 

df=31, P=0.04 

-2.21, t=-1.19, 

df=31, P=0.24 

-1.04, t=-0.50, 

df=31, P=0.62 

 

  4a 23.5 -18.10, t=-2.83, 

df=39, P<0.01* 

-2.45, t=-1.52, 

df=39, P=0.14 

 -0.74, t=-0.33, 

df=39, P=0.74 
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Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  4b 21.7 -13.43, t=-1.65, 

df=31, P=0.11 

-2.05, t=-1.10, 

df=31, P=0.28 

 -2.48, t=-0.69, 

df=31, P=0.50 

  5a 30.5 -12.78, t=-1.89, 

df=38, P=0.07 

-1.84, t=-1.16, 

df=38, P=0.25 

-2.74, t=-1.95, 

df=38, P=0.06 

-2.10, t=-0.91, 

df=38, P=0.37 

  5b 22.3 -12.94, t=-1.55, 

df=30, P=0.13 

-1.77, t=-0.89, 

df=30, P=0.38 

-0.98, t=-0.47, 

df=30, P=0.64 

-2.40, t=-0.66, 

df=30, P=0.51 

drag./gecko richness      

 dry
a
 1a 44.4 -4.27, t=-5.79, 

df=42, P<0.001** 

   

  1b 25.9 -3.58, t=-3.39, 

df=33, P<0.01* 

   

  2a 44.6 -4.25, t=-5.70, 

df=41, P<0.001** 

-0.06, t=-0.40, 

df=41, P=0.69 

  

  2b 27.4 -3.57, t=-3.37, 

df=32, P<0.01* 

-0.13, t=-0.83, 

df=32, P=0.41 

  

  3a 51.6 -3.42, t=-4.36, 

df=40, P<0.001** 

0.002, t=0.02, 

df=40, P=0.98 

-0.27, t=-2.40, 

df=40, P=0.02 

 

  3b 37.9 -3.67, t=-3.68, 

df=31, P<0.001** 

-0.05, t=-0.33, 

df=31, P=0.74 

-0.33, t=-2.29, 

df=31, P=0.03 

 

  4a 53.9 -3.34, t=-4.39, 

df=40, P<0.001** 

-0.09, t=-0.65, 

df=40, P=0.52 

 0.34, t=2.84, 

df=40, P<0.01* 

  4b 36.0 -3.67, t=-3.62, 

df=31, P<0.01* 

-0.14, t=-0.94, 

df=31, P=0.35 

 0.33, t=2.03, 

df=31, P=0.05 

  5a 57.5 -2.88, t=-3.69, 

df=39, P<0.001** 

-0.04, t=-0.28, 

df=39, P=0.78 

-0.20, t=-1.81 

df=39, P=0.08 

0.28, t=2.33, 

df=39, P=0.03 

  5b 46.0 -3.76, t=-3.97, 

df=30, P<0.001** 

-0.06, t=-0.43, 

df=30, P=0.67 

-0.33, t=-2.36, 

df=30, P=0.02 

0.32, t=2.11, 

df=30, P=0.04 

 wet 1a 7.1 -0.93, t=-1.78, 

df=41, P=0.08 

   

  1b 2.4 -0.56, t=-0.90, 

df=33, P=0.37 

   

  2a 9.3 -0.88, t=-1.67, 

df=40, P=0.10 

-0.13, t=-0.97, 

df=40, P=0.34 

  

  2b 5.9 -0.50, t=-0.81, 

df=32, P=0.42 

-0.17, t=-1.09, 

df=32, P=0.28 

  

  3a 19.4 -0.44, t=-0.82, 

df=39, P=0.42 

-0.09, t=-0.72, 

df=39, P=0.48 

-0.24, t=-2.21, 

df=39, P=0.03 

 

  3b 9.6 -0.38, t=-0.61, 

df=31, P=0.55 

-0.11, t=-0.65, 

df=31, P=0.52 

-0.21, t=-1.14, 

df=31, P=0.26 

 

  4a 23.9 -1.01, t=-2.06, 

df=39, P=0.05 

-0.19, t=-1.58, 

df=39, P=0.12 

 0.48, t=2.74, 

df=39, P<0.01* 

  4b 24.1 -1.43, t=-2.17, 

df=31, P=0.04 

-0.32, t=-2.11, 

df=31, P=0.04 

 0.79, t=2.73, 

df=31, P=0.01 

  5a 28.5 -0.68, t=-1.29, 

df=38, P=0.20 

-0.16, t=-1.27, 

df=38, P=0.21 

-0.17, t=-1.55, 

df=38, P=0.13 

0.40, t=2.19, 

df=38, P=0.03 



Appendix II 

439 

Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5b 28.7 -1.32, t=-2.01, 

df=30, P=0.05 

-0.25, t=-1.63, 

df=30, P=0.11 

-0.23, t=-1.38, 

df=30, P=0.18 

0.81, t=2.83, 

df=30, P<0.01* 

drag./gecko abun.
#
      

 dry 1a 46.5 -1.56, t=-6.05, 

df=42, P<0.001** 

   

  1b 29.2 -1.39, t=-3.69, 

df=33, P<0.001** 

   

  2a 47.5 -1.57, t=-6.07, 

df=41, P<0.001** 

0.04, t=0.86, 

df=41, P=0.39 

  

  2b 29.7 -1.39, t=-3.65, 

df=32, P<0.001** 

0.03, t=0.46, 

df=32, P=0.65 

  

  3a 54.9 -1.27, t=-4.68, 

df=40, P<0.001** 

0.07, t=1.37, 

df=40, P=0.18 

-0.10, t=-2.56, 

df=40, P=0.01 

 

  3b 44.3 -1.43, t=-4.15, 

df=31, P<0.001** 

0.06, t=1.16, 

df=31, P=0.25 

-0.14, t=-2.85, 

df=31, P<0.01* 

 

  4a 59.9 -1.20, t=-4.72, 

df=40, P<0.001** 

0.03, t=0.71, 

df=40, P=0.48 

 0.14, t=3.51, 

df=40, P<0.01* 

  4b 44.4 -1.44, t=-4.17, 

df=31, P<0.001** 

0.02, t=0.41, 

df=31, P=0.68 

 0.16, t=2.87, 

df=31, P<0.01* 

  5a 63.3 -1.04, t=-4.00, 

df=39, P<0.001** 

0.05, t=1.11, 

df=39, P=0.27 

-0.07, t=-1.90, 

df=39, P=0.06 

0.12, t=2.98, 

df=39, P<0.01* 

  5b 58.3 -1.48, t=-4.86,  

df=30, P<0.001** 

0.06, t=1.19, 

df=30, P=0.24 

-0.14, t=-3.16, 

df=30, P<0.01* 

0.15, t=3.17, 

df=30, P<0.01* 

 wet 1a 8.0 -0.33, t=-1.89, 

df=41, P=0.07 

   

  1b 2.6 -0.20, t=-0.95, 

df=33, P=0.35 

   

  2a 13.3 -0.31, t=-1.76, 

df=40, P=0.09 

-0.07, t=-1.57, 

df=40, P=0.12 

  

  2b 11.1 -0.17, t=-0.84, 

df=32, P=0.41 

-0.09, t=-1.74, 

df=32, P=0.09 

  

  3a 22.4 -0.17, t=-0.92, 

df=39, P=0.36 

-0.06, t=-1.34, 

df=39, P=0.19 

-0.08, t=-2.14, 

df=39, P=0.04 

 

  3b 12.7 -0.14, t=-0.69, 

df=31, P=0.50 

-0.07, t=-1.37, 

df=31, P=0.18 

-0.05, t=-0.77, 

df=31, P=0.45 

 

  4a 29.1 -0.35, t=-2.19, 

df=39, P=0.03 

-0.09, t=-2.27, 

df=39, P=0.03 

 0.17, t=2.95, 

df=39, P<0.01* 

  4b 31.1 -0.50, t=-2.35, 

df=31, P=0.03 

-0.14, t=-2.91, 

df=31, P<0.01* 

 0.28, t=3.00, 

df=31, P<0.01* 

  5a 32.8 -0.25, t=-1.45, 

df=38, P=0.16 

-0.08, t=-1.97, 

df=38, P=0.06 

-0.05, t=-1.44, 

df=38, P=0.16 

0.14, t=2.42, 

df=38, P=0.02 

  5b 33.4 -0.47, t=-2.20, 

df=30, P=0.04 

-0.13, t=-2.48, 

df=30, P=0.02 

-0.05, t=-1.00, 

df=30, P=0.33 

0.28, t=3.05, 

df=30, P<0.01* 

skink richness      

 dry 1a 44.5 -7.10, t=-5.80, 

df=42, P<0.001** 
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  1b 20.8 -5.34, t=-2.95, 

df=33, P<0.01* 

   

  2a 45.6 -7.04, t=-5.73, 

df=41, P<0.001** 

-0.21, t=-0.91, 

df=41, P=0.37 

  

  2b 21.6 -5.32, t=-2.91, 

df=32, P<0.01* 

-0.16, t=-0.56, 

df=32, P=0.58 

  

  3a 52.1 -5.70, t=-4.39, 

df=40, P<0.001** 

-0.11, t=-0.52, 

df=40, P=0.61 

-0.43, t=-2.34, 

df=40, P=0.02 

 

  3b 32.6 -5.48, t=-3.18, 

df=31, P<0.01* 

-0.01, t=-0.06, 

df=31, P=0.95 

-0.56, t=-2.25, 

df=31, P=0.03 

 

  4a 51.1 -5.86, t=-4.50, 

df=40, P<0.001** 

-0.25, t=1.10, 

df=40, P=0.28 

 0.44, t=2.13, 

df=40, P=0.04 

  4b 24.5 -5.42, t=-2.97, 

df=31, P<0.01* 

-0.17, t=-0.60, 

df=31, P=0.55 

 0.32, t=1.10, 

df=31, P=0.28 

  5a 55.1 -5.06, t=-3.79, 

df=39, P<0.001** 

-0.16, t=-0.73, 

df=39, P=0.47 

-0.35, t=-1.86, 

df=39, P=0.07 

0.33, t=1.61, 

df=39, P=0.12 

  5b 35.2 -5.57, t=-3.24, 

df=30, P<0.01* 

-0.03, t=-0.10, 

df=30, P=0.92 

-0.56, t=-2.22, 

df=30, P=0.03 

0.30, t=1.11, 

df=30, P=0.28 

 wet 1a 19.7 -4.00, t=-3.17, 

df=41, P<0.01* 

   

  1b 15.3 -3.49, t=-2.45, 

df=33, P=0.02 

   

  2a 25.0 -3.80, t=-3.07, 

df=40, P<0.01* 

-0.52, t=-1.68, 

df=40, P=0.10 

  

  2b 24.5 -3.27, t=-2.39, 

df=32, P=0.02 

-0.67, t=-1.97, 

df=32, P=0.06 

  

  3a 34.7 -2.69, t=-2.13, 

df=39, P=0.04 

-0.43, t=-1.45, 

df=39, P=0.16 

-0.61, t=-2.40, 

df=39, P=0.02 

 

  3b 26.4 -3.06, t=-2.19, 

df=31, P=0.04 

-0.56, t=-1.55, 

df=31, P=0.13 

-0.36, t=-0.90, 

df=31, P=0.38 

 

  4a 25.1 -3.82, t=-3.03, 

df=39, P<0.01* 

-0.53, t=-1.66, 

df=39, P=0.10 

 0.07, t=0.16, 

df=39, P=0.87 

  4b 24.5 -3.26, t=-2.01, 

df=31, P=0.05 

-0.67, t=-1.80, 

df=31, P=0.08 

 -0.01, t=-0.02, 

df=31, P=0.98 

  5a 35.3 -2.54, t=-1.95, 

df=38, P=0.06 

-0.38, t=-1.25, 

df=38, P=0.22 

-0.66, t=-2.45, 

df=38, P=0.02 

-0.25, t=-0.57, 

df=38, P=0.57 

  5b 26.4 -3.07, t=-1.87, 

df=30, P=0.07 

-0.56, t=-1.44, 

df=30, P=0.16 

-0.37, t=-0.88, 

df=30, P=0.39 

0.01, t=0.02, 

df=30, P=0.98 

skink abundance      

 dry
#
 1a 38.4 -0.82, t=-5.12, 

df=42, P<0.001** 

   

  1b 38.7 -0.90, t=-4.56, 

df=33, P<0.001** 

   

  2a 38.5 -0.82, t=-5.04, 

df=41, P<0.001** 

-0.01, t=-0.28, 

df=41, P=0.78 

  



Appendix II 

441 

Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  2b 38.7 -0.90, t=-4.49, 

df=32, P<0.001** 

0.001, t=0.03, 

df=32, P=0.98 

  

  3a 41.7 -0.70, t=-3.94, 

df=40, P<0.001** 

-0.0004, t=-0.01, 

df=40, P=0.99 

-0.04, t=-1.47, 

df=40, P=0.15 

 

  3b 53.0 -0.92, t=-5.17, 

df=31, P<0.001** 

0.02, t=0.74, 

df=31, P=0.46 

-0.08, t=-3.07, 

df=31, P<0.01* 

 

  4a 40.7 -0.72, t=-4.08, 

df=40, P<0.001** 

-0.01, t=-0.37, 

df=40, P=0.71 

 0.03, t=1.20, 

df=40, P=0.24 

  4b 40.7 -0.91, t=-4.54, 

df=31, P<0.001** 

-0.0001, t=-0.005, 

df=31, P=1.00 

 0.03, t=1.02, 

df=31, P=0.32 

  5a 42.8 -0.65, t=-3.50, 

df=39, P<0.01* 

-0.004, t=-0.12, 

df=39, P=0.91 

-0.03, t=-1.19, 

df=39, P=0.24 

0.02, t=0.85, 

df=39, P=0.40 

  5b 54.7 -0.93, t=-5.23, 

df=30, P<0.001** 

0.02, t=0.70, 

df=30, P=0.49 

-0.08, t=-3.04, 

df=30, P<0.01* 

0.03, t=1.07, 

df=30, P=0.29 

 wet 1a 18.0 -18.58, t=-3.00, 

df=41, P<0.01* 

   

  1b 15.5 -16.96, t=-2.46, 

df=33, P=0.02 

   

  2a 21.3 -17.82, t=-2.89, 

df=40, P<0.01* 

-1.98, t=-1.29, 

df=40, P=0.20 

  

  2b 18.9 -16.34, t=-2.37, 

df=32, P=0.02 

-1.98, t=-1.16, 

df=32, P=0.25 

  

  3a 25.8 -14.12, t=-2.17, 

df=39, P=0.04 

-1.67, t=-1.10, 

df=39, P=0.28 

-2.04, t=-1.55, 

df=39, P=0.13 

 

  3b 19.3 -15.83, t=-2.24, 

df=31, P=0.03 

-1.72, t=-2.24, 

df=31, P=0.03 

-0.86, t=-0.42, 

df=31, P=0.68 

 

  4a 21.9 -17.48, t=-2.80, 

df=39, P<0.01* 

-1.80, t=-1.14, 

df=39, P=0.26 

 -1.27, t=-0.57, 

df=39, P=0.57 

  4b 21.2 -12.36, t=-1.54, 

df=31, P=0.13 

-1.33, t=-0.72, 

df=31, P=0.48 

 -3.40, t=-0.96, 

df=31, P=0.34 

  5a 28.1 -12.62, t=-1.90, 

df=38, P=0.97 

-1.25, t=-0.80, 

df=38, P=0.43 

-2.50, t=-1.81, 

df=38, P=0.08 

-2.50, t=-1.10, 

df=38, P=0.28 

  5b 21.6 -11.98, t=-1.46, 

df=30, P=0.15 

-1.11, t=-0.57, 

df=30, P=0.57 

-0.78, t=-0.38, 

df=30, P=0.71 

-3.34, t=-0.93, 

df=30, P=0.36 

Carlia amax      

 dry 1a 9.8 -0.63, t=-2.14, 

df=42, P=0.04 

   

  1b 2.1 -0.38, t=-0.84, 

df=33, P=0.41 

   

  2a 9.8 -0.63, t=-2.11, 

df=41, P=0.04 

0.004, t=0.07, 

df=41, P=0.94 

  

  2b 2.2 -0.38, t=-0.83, 

df=32, P=0.41 

-0.01, t=-0.12, 

df=32, P=0.91 

  

  3a 23.4 -0.27, t=-0.86, 

df=40, P=0.39 

0.03, t=0.55, 

df=40, P=0.59 

-0.12, t=-2.66, 

df=40, P=0.01 
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  3b 20.8 -0.43, t=-1.02, 

df=31, P=0.32 

0.03, t=0.50, 

df=31, P=0.62 

-0.17, t=-2.70, 

df=31, P=0.01 

 

  4a 13.9 -0.44, t=-1.35, 

df=40, P=0.18 

-0.002, t=-0.03, 

df=40, P=0.98 

 0.07, t=1.37, 

df=40, P=0.18 

  4b 3.4 -0.40, t=-0.85, 

df=31, P=0.40 

-0.01, t=-0.14, 

df=31, P=0.89 

 0.05, t=0.63, 

df=31, P=0.53 

  5a 24.5 -0.19, t=-0.59, 

df=39, P=0.56 

0.02, t=0.45, 

df=39, P=0.66 

-0.11, t=-2.34, 

df=39, P=0.02 

0.04, t=0.76, 

df=39, P=0.45 

  5b 21.8 -0.44, t=-1.03, 

df=30, P=0.31 

0.03, t=0.47, 

df=30, P=0.64 

-0.17, t=-2.66, 

df=30, P=0.01 

0.04, t=0.61, 

df=30, P=0.55 

 wet 1a 0.4 -0.12, t=-0.43, 

df=41, P=0.67 

   

  1b 0.02 -0.03, t=-0.09, 

df=33, P=0.93 

   

  2a 17.1 -0.05, t=-0.19, 

df=40, P=0.85 

-0.18, t=-2.84, 

df=40, P<0.01* 

  

  2b 15.6 -0.03, t=0.10, 

df=32, P=0.92 

-0.17, t=-2.43, 

df=32, P=0.02 

  

  3a 21.6 0.10, t=0.37, 

df=39, P=0.71 

-0.17, t=-2.66, 

df=39, P=0.01 

-0.08, t=-1.49, 

df=39, P=0.14 

 

  3b 16.4 0.05, t=0.19, 

df=31, P=0.85 

-0.16, t=-2.08, 

df=31, P=0.05 

-0.05, t=-0.54, 

df=31, P=0.59 

 

  4a 17.2 -0.05, t=-0.18, 

df=39, P=0.86 

-0.18, t=-2.73, 

df=39, P<0.01* 

 -0.01, t=-0.09, 

df=39, P=0.93 

  4b 15.7 0.07, t=0.20, 

df=31, P=0.84 

-0.17, t=-2.14, 

df=31, P=0.04 

 -0.03, t=-0.23, 

df=31, P=0.82 

  5a 22.2 0.13, t=0.47, 

df=38, P=0.64 

-0.16, t=-2.42, 

df=38, P=0.02 

-0.09, t=-1.57, 

df=38, P=0.12 

-0.05, t=-0.56, 

df=38, P=0.58 

  5b 16.5 0.09, t=0.26, 

df=30, P=0.80 

-0.15, t=-1.86, 

df=30, P=0.07 

-0.05, t=-0.52, 

df=30, P=0.61 

-0.03, t=-0.20, 

df=30, P=0.84 

Carlia gracilis      

 dry
b
 1a 11.9 0.72, t=2.38, 

df=42, P=0.02 

   

  1b 1.2 0.25, t=0.65, 

df=33, P=0.52 

   

  2a 11.9 0.72, t=2.35, 

df=41, P=0.02 

-0.0001, t=-0.001, 

df=41, P=1.00 

  

  2b 3.0 0.25, t=0.63, 

df=32, P=0.53 

0.05, t=0.76, 

df=32, P=0.45 

  

  3a 26.1 0.34, t=1.06, 

df=40, P=0.30 

-0.03, t=-0.50, 

df=40, P=0.62 

0.13, t=2.77, 

df=40, P<0.01* 

 

  3b 27.1 0.30, t=0.85, 

df=31, P=0.40 

0.01, t=0.09, 

df=31, P=0.93 

0.16, t=3.20, 

df=31, P<0.01* 

 

  4a 19.4 0.45, t=1.38, 

df=40, P=0.18 

0.01, t=0.15, 

df=40, P=0.88 

 -0.10, t=-1.94, 

df=40, P=0.06 
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  4b 7.6 0.27, t=0.70, 

df=31, P=0.49 

0.05, t=0.81, 

df=31, P=0.42 

 -0.08, t=-1.25, 

df=31, P=0.22 

  5a 29.3 0.21, t=0.62, 

df=39, P=0.54 

-0.02, t=-0.33, 

df=39, P=0.74 

0.11, t=2.33, 

df=39, P=0.03 

-0.07, t=-1.34, 

df=39, P=0.19 

  5b 31.2 0.32, t=0.92, 

df=30, P=0.36 

0.01, t=0.15, 

df=30, P=0.88 

0.16, t=3.20, 

df=30, P<0.01* 

-0.07, t=-1.34, 

df=30, P=0.19 

 wet 1a 0.2 0.08, t=0.31, 

df=41, P=0.76 

   

  1b 0.04 -0.04, t=-0.12, 

df=33, P=0.91 

   

  2a 0.5 0.07, t=2.23, 

df=40, P=0.03 

0.02, t=0.34, 

df=40, P=0.74 

  

  2b 1.1 -0.05, t=-0.16, 

df=32, P=0.87 

0.04, t=0.58, 

df=32, P=0.57 

  

  3a 1.1 0.02, t=0.08, 

df=39, P=0.94 

0.02, t=0.27, 

df=39, P=0.79 

0.03, t=0.47, 

df=39, P=0.64 

 

  3b 2.4 -0.08, t=-0.27, 

df=31, P=0.79 

0.03, t=0.33, 

df=31, P=0.74 

0.06, t=0.64, 

df=31, P=0.53 

 

  4a 8.7 0.12, t=0.46, 

df=39, P=0.65 

0.05, t=0.72, 

df=39, P=0.48 

 -0.17, t=-1.87, 

df=39, P=0.07 

  4b 10.2 0.26, t=0.76, 

df=31, P=0.45 

0.09, t=1.21, 

df=31, P=0.24 

 -0.26, t=-1.77, 

df=31, P=0.09 

  5a 8.8 0.13, t=0.45, 

df=38, P=0.66 

0.05, t=0.71, 

df=38, P=0.48 

-0.005, t=-0.08, 

df=38, P=0.94 

-0.18, t=-1.79, 

df=38, P=0.08 

  5b 11.8 0.22, t=0.66, 

df=30, P=0.51 

0.07, t=0.92, 

df=30, P=0.36 

0.06, t=0.74, 

df=30, P=0.47 

-0.27, t=-1.79, 

df=30, P=0.08 

Carlia munda      

 dry 1a 24.1 -1.01, t=-3.66, 

df=42, P<0.001** 

   

  1b 8.2 -0.73, t=-1.72, 

df=33, P=0.09 

   

  2a 28.4 -0.99, t=-3.62, 

df=41, P<0.001** 

-0.08, t=-1.53, 

df=41, P=0.13 

  

  2b 16.8 -0.72, t=-1.76, 

df=32, P=0.09 

-0.11, t=-1.82, 

df=32, P=0.08 

  

  3a 30.2 -0.85, t=-2.79, 

df=40, P<0.01* 

-0.07, t=-1.32, 

df=40, P=0.19 

-0.05, t=-1.07, 

df=40, P=0.29 

 

  3b 17.6 -0.72, t=-1.76, 

df=31, P=0.09 

-0.11, t=-1.62, 

df=31, P=0.12 

-0.03, t=-0.54, 

df=31, P=0.59 

 

  4a 31.7 -0.81, t=-2.71, 

df=40, P<0.01* 

-0.08, t=-1.66, 

df=40, P=0.10 

 0.07, t=1.43, 

df=40, P=0.16 

  4b 17.2 -0.73, t=-1.75, 

df=31, P=0.09 

-0.11, t=-1.80, 

df=31, P=0.08 

 0.02, t=0.37, 

df=31, P=0.71 

  5a 32.6 -0.74, t=-2.32, 

df=39, P=0.03 

-0.08, t=-1.46, 

df=39, P=0.15 

-0.03, t=-0.71, 

df=39, P=0.48 

0.06, t=1.18, 

df=39, P=0.25 
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  5b 17.9 -0.74, t=-1.75, 

df=30, P=0.09 

-0.11, t=-1.61, 

df=30, P=0.12 

-0.03, t=-0.52, 

df=30, P=0.61 

0.02, t=0.36, 

df=30, P=0.72 

 wet 1a 23.9 -0.79, t=-3.59, 

df=41, P<0.001** 

   

  1b 15.8 -0.63, t=-2.49, 

df=33, P=0.02 

   

  2a 25.8 -0.81, t=-3.68, 

df=40, P<0.001** 

0.06, t=1.01, 

df=40, P=0.32 

  

  2b 17.5 -0.65, t=-2.53, 

df=32, P=0.02 

0.05, t=0.80, 

df=32, P=0.43 

  

  3a 28.8 -0.70, t=-2.97, 

df=39, P<0.01* 

0.06, t=1.18, 

df=39, P=0.25 

-0.06, t=-1.28, 

df=39, P=0.21 

 

  3b 17.5 -0.65, t=-2.46, 

df=31, P=0.02 

0.05, t=0.72, 

df=31, P=0.48 

0.003, t=0.04, 

df=31, P=0.97 

 

  4a 30.5 -0.85, t=-3.88, 

df=39, P<0.001** 

0.04, t=0.69, 

df=39, P=0.49 

 0.13, t=1.62, 

df=39, P=0.11 

  4b 20.7 -0.82, t=-2.75, 

df=31, P<0.01* 

0.02, t=0.34, 

df=31, P=0.74 

 0.15, t=1.12, 

df=31, P=0.27 

  5a 31.8 -0.67, t=-3.20, 

df=38, P<0.01* 

0.05, t=0.84, 

df=38, P=0.41 

-0.04, t=-0.85, 

df=38, P=0.40 

0.11, t=1.28, 

df=38, P=0.21 

  5b 20.7 -0.82, t=-2.69, 

df=30, P=0.01 

0.02, t=0.32, 

df=30, P=0.75 

-0.0004, t=-0.005, 

df=30, P=1.00 

0.15, t=1.10, 

df=30, P=0.28 

Carlia rufilatus      

 dry 1a 22.4 -1.00, t=-3.49, 

df=42, P<0.01* 

   

  1b 11.9 -0.94, t=-2.11, 

df=33, P=0.04 

   

  2a 28.3 -1.03, t=-3.68, 

df=41, P<0.001** 

0.10, t=1.84, 

df=41, P=0.07 

  

  2b 18.2 -0.95, t=-2.17, 

df=32, P=0.04 

0.10, t=1.57, 

df=32, P=0.13 

  

  3a 32.2 -0.83, t=-2.69, 

df=40, P=0.01 

0.11, t=2.11, 

df=40, P=0.04 

-0.07, t=-1.51, 

df=40, P=0.14 

 

  3b 26.1 -0.98, t=-2.33, 

df=31, P=0.03 

0.13, t=2.01, 

df=31, P=0.05 

-0.11, t=-1.82, 

df=31, P=0.08 

 

  4a 32.9 -0.82, t=-2.70, 

df=40, P=0.01 

0.09, t=1.74, 

df=40, P=0.09 

 0.08, t=1.65, 

df=40, P=0.11 

  4b 22.3 -0.97, t=-2.25, 

df=31, P=0.03 

0.10, t=1.54, 

df=31, P=0.13 

 0.09, t=1.29, 

df=31, P=0.21 

  5a 35.0 -0.70, t=-2.20, 

df=39, P=0.03 

0.10, t=1.94, 

df=39, P=0.06 

-0.05, t=-1.11, 

df=39, P=0.27 

0.06, t=1.30, 

df=39, P=0.20 

  5b 30.0 -1.00, t=-2.40, 

df=30, P=0.02 

0.13, t=1.97, 

df=30, P=0.06 

-0.11, t=-1.81, 

df=30, P=0.08 

0.09, t=1.28, 

df=30, P=0.21 

Cryptoblepharus 

plagiocephalus 
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 dry 1a 40.1 -0.88, t=-5.30, 

df=42, P<0.001** 

   

  1b 20.6 -0.71, t=-2.93, 

df=33, P<0.01* 

   

  2a 42.2 -0.87, t=-5.25, 

df=41, P<0.001** 

-0.04, t=-1.21, 

df=41, P=0.23 

  

  2b 28.2 -0.71, t=-3.01, 

df=32, P<0.01* 

-0.07, t=-1.83, 

df=32, P=0.08 

  

  3a 47.4 -0.72, t=-4.01, 

df=40, P<0.001** 

-0.03, t=-0.87, 

df=40, P=0.39 

-0.05, t=-1.99, 

df=40, P=0.05 

 

  3b 36.5 -0.73, t=-3.24, 

df=31, P<0.01* 

-0.05, t=-1.39, 

df=31, P=0.17 

-0.07, t=-2.02, 

df=31, P=0.05 

 

  4a 45.8 -0.75, t=-4.16, 

df=40, P<0.001** 

-0.04, t=-1.35, 

df=40, P=0.18 

 0.05, t=1.65, 

df=40, P=0.11 

  4b 28.3 -0.71, t=-2.98, 

df=31, P<0.01* 

-0.07, t=-1.81, 

df=31, P=0.08 

 0.01, t=0.23, 

df=31, P=0.82 

  5a 49.2 -0.65, t=-3.49, 

df=39, P<0.01* 

-0.03, t=-1.02, 

df=39, P=0.39 

-0.04, t=-1.61, 

df=39, P=0.12 

0.03, t=1.18, 

df=39, P=0.25 

  5b 36.6 -0.73, t=-3.19, 

df=30, P<0.01* 

-0.05, t=-1.38, 

df=30, P=0.18 

-0.07, t=-1.98, 

df=30, P=0.06 

0.01, t=0.19, 

df=30, P=0.85 

 wet 1a 10.5 -0.37, t=-2.20, 

df=41, P=0.03 

   

  1b 4.9 -0.26, t=-1.30, 

df=33, P=0.20 

   

  2a 11.2 -0.37, t=-2.11, 

df=40, P=0.04 

-0.02, t=-0.56, 

df=40, P=0.58 

  

  2b 6.2 -0.25, t=-1.24, 

df=32, P=0.22 

-0.03, t=-0.66, 

df=32, P=0.51 

  

  3a 18.9 -0.24, t=-1.32, 

df=39, P=0.19 

-0.01, t=-0.32, 

df=39, P=0.75 

-0.07, t=-1.92, 

df=39, P=0.06 

 

  3b 8.9 -0.22, t=-1.05, 

df=31, P=0.30 

-0.02, t=-0.30, 

df=31, P=0.77 

-0.06, t=-0.96, 

df=31, P=0.34 

 

  4a 11.3 -0.36, t=-2.07, 

df=39, P=0.05 

-0.02, t=-0.52, 

df=39, P=0.61 

 -0.01, t=-0.10, 

df=39, P=0.92 

  4b 11.0 -0.10, t=-0.41, 

df=31, P=0.68 

-0.01, t=-0.15, 

df=31, P=0.88 

 -0.13, t=-1.29, 

df=31, P=0.21 

  5a 20.0 -0.21, t=-1.14, 

df=38, P=0.26 

-0.01, t=-0.14, 

df=38, P=0.89 

-0.08, t=-2.04, 

df=38, P=0.05 

-0.05, t=-0.71, 

df=38, P=0.48 

  5b 13.4 -0.07, t=-0.29, 

df=30, P=0.77 

0.01, t=0.13, 

df=30, P=0.90 

-0.06, t=-0.91, 

df=30, P=0.37 

-0.13, t=-1.25, 

df=30, P=0.22 

Ctenotus essingtoni      

 dry 1a 25.4 -0.89, t=-3.78, 

df=42, P<0.001** 

   

  1b 10.6 -0.68, t=-1.98, 

df=33, P=0.06 
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  2a 26.4 -0.88, t=-3.72, 

df=41, P<0.001** 

-0.03, t=-0.76, 

df=41, P=0.45 

  

  2b 12.1 -0.67, t=-1.96, 

df=32, P=0.06 

-0.04, t=-0.74, 

df=32, P=0.46 

  

  3a 33.4 -0.65, t=-2.56, 

df=40, P=0.01 

-0.02, t=-0.40, 

df=40, P=0.69 

-0.07, t=-2.05, 

df=40, P=0.05 

 

  3b 21.4 -0.70, t=-2.12, 

df=31, P=0.04 

-0.02, t=-0.30, 

df=31, P=0.77 

-0.09, t=-1.91, 

df=31, P=0.07 

 

  4a 28.0 -0.78, t=-2.97, 

df=40, P<0.01* 

-0.04, t=-0.82, 

df=40, P=0.42 

 0.04, t=0.93, 

df=40, P=0.36 

  4b 12.4 -0.68, t=-1.94, 

df=31, P=0.06 

-0.04, t=-0.73, 

df=31, P=0.47 

 0.02, t=0.29, 

df=31, P=0.77 

  5a 33.7 -0.62, t=-2.30, 

df=39, P=0.03 

-0.02, t=-0.45, 

df=39, P=0.66 

-0.07, t=-1.84, 

df=39, P=0.07 

0.02, t=0.42, 

df=39, P=0.68 

  5b 21.6 -0.70, t=-2.10, 

df=30, P=0.04 

-0.02, t=-0.30, 

df=30, P=0.77 

-0.09, t=-1.88, 

df=30, P=0.07 

0.01, t=0.25, 

df=30, P=0.80 

 wet 1a 5.5 -0.25, t=-1.54, 

df=41, P=0.13 

   

  1b 3.3 -0.20, t=-1.06, 

df=33, P=0.30 

   

  2a 7.5 -0.24, t=-1.44, 

df=40, P=0.16 

-0.04, t=-0.94, 

df=40, P=0.35 

  

  2b 4.7 -0.19, t=-1.00, 

df=32, P=0.32 

-0.03, t=-0.69, 

df=32, P=0.50 

  

  3a 14.8 -0.12, t=-0.71, 

df=39, P=0.48 

-0.03, t=-0.72, 

df=39, P=0.48 

-0.06, t=-1.82, 

df=39, P=0.08 

 

  3b 8.9 -0.15, t=-0.79, 

df=31, P=0.44 

-0.01, t=-0.25, 

df=31, P=0.80 

-0.07, t=-1.19, 

df=31, P=0.24 

 

  4a 8.7 -0.25, t=-1.49, 

df=39, P=0.14 

-0.04, t=-1.05, 

df=39, P=0.30 

 0.04, t=0.69, 

df=39, P=0.49 

  4b 5.8 -0.25, t=-1.15, 

df=31, P=0.26 

-0.04, t=-0.85, 

df=31, P=0.40 

 0.06, t=0.59, 

df=31, P=0.56 

  5a 14.8 -0.13, t=-0.73, 

df=38, P=0.50 

-0.03, t=-0.73, 

df=38, P=0.50 

-0.06, t=-1.66, 

df=38, P=0.11 

0.01, t=0.18, 

df=38, P=0.86 

  5b 10.2 -0.22, t=-1.00, 

df=30, P=0.33 

-0.02, t=-0.45, 

df=30, P=0.66 

-0.07, t=-1.21, 

df=30, P=0.24 

0.06, t=0.65, 

df=30, P=0.52 

Ctenotus storri      

 dry 1a 21.9 -0.74, t=-3.43, 

df=42, P<0.01* 

   

  1b 15.7 -0.83, t=-2.48, 

df=33, P=0.02 

   

  2a 22.1 -0.75, t=-3.41, 

df=41, P<0.01* 

0.01, t=0.27, 

df=41, P=0.79 

  

  2b 15.9 -0.83, t=-2.45, 

df=32, P=0.02 

0.01, t=0.27, 

df=32, P=0.79 
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  3a 23.3 -0.66, t=-2.69, 

df=40, P=0.01 

0.02, t=0.41, 

df=40, P=0.68 

-0.03, t=-0.82, 

df=40, P=0.42 

 

  3b 18.6 -0.85, t=-2.49, 

df=31, P=0.02 

0.03, t=0.50, 

df=31, P=0.62 

-0.05. t=-1.01, 

df=31, P=0.32 

 

  4a 26.0 -0.60, t=-2.51, 

df=40, P=0.02 

0.01, t=0.16, 

df=40, P=0.87 

 0.06, t=1.46, 

df=40, P=0.15 

  4b 24.7 -0.86, t=-2.63, 

df=31, P=0.01 

0.01, t=0.22, 

df=31, P=0.83 

 0.10, t=1.90, 

df=31, P=0.07 

  5a 26.4 -0.53, t=-2.20, 

df=39, P=0.03 

0.04, t=0.25, 

df=39, P=0.80 

-0.02, t=-0.45, 

df=39, P=0.66 

0.05, t=1.27, 

df=39, P=0.21 

  5b 27.1 -0.87, t=-2.67, 

df=30, P=0.01 

0.02, t=0.44, 

df=30, P=0.66 

-0.05, t=-1.00, 

df=30, P=0.33 

0.10, t=1.88, 

df=30, P=0.07 

 wet 1a 27.5 -0.61, t=-3.94, 

df=41, P<0.001** 

   

  1b 24.4 -0.62, t=-3.27, 

df=33, P<0.01* 

   

  2a 27.7 -0.61, t=-3.91, 

df=40, P<0.001** 

0.01, t=0.29, 

df=40, P=0.77 

  

  2b 24.5 -0.62, t=-3.22, 

df=32, P<0.01* 

0.01, t=0.19, 

df=32, P=0.85 

  

  3a 27.7 -0.61, t=-3.60, 

df=39, P<0.001** 

0.01, t=0.29, 

df=39, P=0.77 

0.0004, t=0.01, 

df=39, P=0.99 

 

  3b 24.6 -0.63, t=-3.16, 

df=31, P<0.01* 

0.01, t=0.10, 

df=31, P=0.92 

0.01, t=0.23, 

df=31, P=0.82 

 

  4a 28.0 -0.62, t=-3.90, 

df=39, P<0.001** 

0.01, t=0.20, 

df=39, P=0.84 

 0.03, t=0.44, 

df=39, P=0.66 

  4b 26.3 -0.72, t=-3.20, 

df=31, P<0.01* 

-0.01, t=-0.14, 

df=31, P=0.89 

 0.09, t=0.87, 

df=31, P=0.39 

  5a 28.1 -0.63, t=-3.58, 

df=38, P<0.001** 

0.01, t=0.16, 

df=38, P=0.87 

0.01, t=0.15, 

df=38, P=0.88 

0.03, t=0.46, 

df=38, P=0.65 

  5b 26.4 -0.73, t=-3.15, 

df=30, P<0.01* 

-0.01, t=-0.19, 

df=30, P=0.85 

0.01, t=0.19, 

df=30, P=0.85 

0.09, t=0.85, 

df=30, P=0.40 

Diporiphora bilineata      

 dry 1a 26.7 -0.80, t=-3.91, 

df=42, P<0.001** 

   

  1b 15.3 -0.77, t=-2.44, 

df=33, P=0.02 

   

  2a 26.9 -0.79, t=-3.85, 

df=41, P<0.001** 

-0.01, t=-0.33, 

df=41, P=0.74 

  

  2b 15.8 -0.77, t=-2.40, 

df=32, P=0.02 

-0.02, t=-0.47, 

df=32, P=0.64 

  

  3a 31.7 -0.63, t=-2.79, 

df=40, P<0.01* 

-0.001, t=-0.03, 

df=40, P=0.98 

-0.05, t=-1.68, 

df=40, P=0.10 

 

  3b 23.9 -0.79, t=-2.56, 

df=31, P=0.02 

-0.003, t=-0.05, 

df=31, P=0.96 

-0.08, t=-1.81, 

df=31, P=0.08 
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  4a 27.3 -0.75, t=-3.25, 

df=40, P<0.01* 

-0.01, t=-0.36, 

df=40, P=0.72 

 0.02, t=0.48, 

df=40, P=0.63 

  4b 15.9 -0.77, t=-2.37, 

df=31, P=0.02 

-0.02, t=-0.47, 

df=31, P=0.64 

 0.005, t=0.09, 

df=31, P=0.93 

  5a 31.7 -0.62, t=-2.62, 

df=39, P=0.01 

-0.001, t=-0.03, 

df=39, P=0.98 

-0.05, t=-1.59, 

df=39, P=0.12 

0.002, t=0.05, 

df=39, P=0.96 

  5b 23.9 -0.80, t=-2.52, 

df=30, P=0.02 

-0.003, t=-0.06, 

df=30, P=0.95 

-0.08, t=-1.78, 

df=30, P=0.09 

0.002, t=0.05, 

df=30, P=0.96 

 wet 1a 3.6 -0.17, t=-1.24, 

df=41, P=0.22 

   

  1b 0.7 -0.08, t=-0.50, 

df=33, P=0.62 

   

  2a 10.7 -0.15, t=-1.09, 

df=40, P=0.28 

-0.06, t=-1.78, 

df=40, P=0.08 

  

  2b 10.9 -0.06, t=-0.37, 

df=32, P=0.71 

-0.08, t=-1.91, 

df=32, P=0.07 

  

  3a 16.6 -0.06, t=-0.43, 

df=39, P=0.67 

-0.05, t=-1.58, 

df=39, P=0.12 

-0.05, t=-1.66, 

df=39, P=0.10 

 

  3b 11.4 -0.05, t=-0.28, 

df=31, P=0.78 

-0.07, t=-1.62, 

df=31, P=0.12 

-0.02, t=-0.45, 

df=31, P=0.66 

 

  4a 23.0 -0.18, t=-1.40, 

df=39, P=0.17 

-0.08, t=-2.35, 

df=39, P=0.02 

 0.12, t=2.50, 

df=39, P=0.02 

  4b 26.7 -0.29, t=-1.67, 

df=31, P=0.10 

-0.11, t=-2.87, 

df=31, P<0.01* 

 0.20, t=2.59, 

df=31, P=0.01 

  5a 25.1 -0.12, t=-0.86, 

df=38, P=0.40 

-0.07, t=-2.11, 

df=38, P=0.04 

-0.03, t=-1.02, 

df=38, P=0.31 

0.10, t=2.08, 

df=38, P=0.04 

  5b 27.6 -0.28, t=-1.57, 

df=30, P=0.13 

-0.11, t=-2.53, 

df=30, P=0.02 

-0.03, t=-0.61, 

df=30, P=0.55 

0.20, t=2.59, 

df=30, P=0.01 

Glaphyromorphus 

darwiniensis 

     

 dry
+c

 1a 11.6 0.35, t=2.35, 

df=42, P=0.02 

   

  2a 14.6 0.36, t=2.42, 

df=41, P=0.02 

-0.03, t=-1.19, 

df=41, P=0.24 

  

  3a 18.4 0.26, t=1.60, 

df=40, P=0.12 

-0.04, t=-1.43, 

df=40, P=0.16 

  

  4a 25.0 0.20, t=1.32, 

df=40, P=0.19 

-0.03, t=-1.07, 

df=40, P=0.29 

 -0.06, t=-2.35, 

df=40, P=0.02 

  5a 26.3 0.16, t=0.97, 

df=39, P=0.34 

-0.03, t=-1.21, 

df=39, P=0.23 

0.02, t=0.82, 

df=39, P=0.42 

-0.05, t=-2.03, 

df=39, P=0.05 

 wet 1a 0.3 0.07, t=0.35, 

df=41, P=0.73 

   

  1b 1.9 0.19, t=0.81, 

df=33, P=0.42 

   

  2a 2.3 0.09, t=0.44, 

df=40, P=0.66 

-0.05, t=-0.89, 

df=40, P=0.38 
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Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  2b 5.1 0.21, t=0.89, 

df=32, P=0.38 

-0.06, t=-1.04, 

df=32, P=0.31 

  

  3a 17.1 0.29, t=1.41, 

df=39, P=0.17 

-0.03, t=-0.60, 

df=39, P=0.55 

-0.11, t=-2.65, 

df=39, P=0.01 

 

  3b 15.5 0.29, t=1.25, 

df=31, P=0.22 

-0.02, t=-0.36, 

df=31, P=0.72 

-0.13, t=-1.95, 

df=31, P=0.06 

 

  4a 3.8 0.08, t=0.36, 

df=39, P=0.72 

-0.05, t=-1.03, 

df=39, P=0.31 

 0.06, t=0.78, 

df=39, P=0.44 

  4b 6.3 0.12, t=0.44, 

df=31, P=0.66 

-0.07, t=1.18, 

df=31, P=0.25 

 0.07, t=0.61, 

df=31, P=0.55 

  5a 17.1 0.29, t=1.35, 

df=38, P=0.19 

-0.03, t=-0.59, 

df=38, P=0.56 

-0.11, t=-2.48, 

df=38, P=0.02 

0.004, t=0.05, 

df=38, P=0.96 

  5b 17.0 0.19, t=0.71, 

df=30, P=0.48 

-0.04, t=-0.58, 

df=30, P=0.57 

-0.13, t=-1.97, 

df=30, P=0.06 

0.08, t=0.72, 

df=30, P=0.48 

Heteronotia binoei      

 dry 1a 29.4 -1.15, t=-4.19, 

df=42, P<0.001** 

   

  1b 17.8 -1.13, t=-2.68, 

df=33, P=0.01 

   

  2a 31.3 -1.17, t=-4.24, 

df=41, P<0.001** 

0.06, t=1.04, 

df=41, P=0.30 

  

  2b 19.1 -1.13, t=-2.66, 

df=32, P=0.01 

0.05, t=0.71, 

df=32, P=0.48 

  

  3a 36.1 -0.94, t=-3.14, 

df=40, P<0.01* 

0.07, t=1.37, 

df=40, P=0.18 

-0.07, t=-1.75, 

df=40, P=0.09 

 

  3b 29.6 -1.17, t=-2.90, 

df=31, P<0.01* 

0.08, t=1.22, 

df=31, P=0.23 

-0.13, t=-2.15, 

df=31, P=0.04 

 

  4a 41.9 -0.84, t=-2.98, 

df=40, P<0.01* 

0.05, t=0.91, 

df=40, P=0.37 

 0.12, t=2.70, 

df=40, P=0.01 

  4b 33.6 -1.18, t=-3.01, 

df=31, P<0.01* 

0.04, t=0.68, 

df=31, P=0.50 

 0.16, t=2.60, 

df=31, P=0.01 

  5a 43.8 -0.73, t=-2.46, 

df=39, P=0.02 

0.06, t=1.13, 

df=39, P=0.27 

-0.05, t=-1.15, 

df=39, P=0.26 

0.11, t=2.31, 

df=39, P=0.03 

  5b 43.4 -1.21, t=-3.30, 

df=30, P<0.01* 

0.07, t=1.24, 

df=30, P=0.22 

-0.12, t=-2.28, 

df=30, P=0.03 

0.16, t=2.71, 

df=30, P=0.01 

 wet 1a 6.3 -0.18, t=-1.66, 

df=41, P=0.10 

   

  1b 3.3 -0.14, t=-1.06, 

df=33, P=0.30 

   

  2a 6.7 -0.18, t=-1.60, 

df=40, P=0.12 

-0.01, t=-0.38, 

df=40, P=0.71 

  

  2b 3.9 -0.14, t=-1.01, 

df=32, P=0.32 

-0.01, t=-0.44, 

df=32, P=0.66 

  

  3a 9.0 -0.14, t=-1.13, 

df=39, P=0.27 

-0.01, t=-0.24, 

df=39, P=0.81 

-0.02, t=-0.99, 

df=39, P=0.33 
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Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  3b 4.3 -0.13, t=-0.92, 

df=31, P=0.36 

-0.01, t=-0.28, 

df=31, P=0.78 

-0.02, t=-0.38, 

df=31, P=0.71 

 

  4a 10.1 -0.19, t=-1.72, 

df=39, P=0.09 

-0.02, t=-0.62, 

df=39, P=0.54 

 0.05, t=1.23, 

df=39, P=0.23 

  4b 7.7 -0.23, t=-1.45, 

df=31, P=0.16 

-0.03, t=-0.82, 

df=31, P=0.42 

 0.08, t=1.13, 

df=31, P=0.27 

  5a 11.1 -0.16, t=-1.30, 

df=38, P=0.20 

-0.01, t=-0.47, 

df=38, P=0.64 

-0.02, t=-0.66, 

df=38, P=0.51 

0.04, t=0.96, 

df=38, P=0.34 

  5b 8.3 -0.22, t=-1.37, 

df=30, P=0.18 

-0.03, t=-0.65, 

df=30, P=0.52 

-0.02, t=-0.43, 

df=30, P=0.67 

0.08, t=1.14, 

df=30, P=0.26 

Menetia alanae      

 dry 1a 6.7 -0.28, t=-1.74, 

df=42, P=0.09 

   

  1b 2.6 -0.23, t=-0.94, 

df=33, P=0.35 

   

  2a 17.7 -0.30, t=-1.96, 

df=41, P=0.06 

0.07, t=2.43, 

df=41, P=0.02 

  

  2b 15.7 -0.24, t=-1.01, 

df=32, P=0.32 

0.08, t=2.23, 

df=32, P=0.03 

  

  3a 19.7 -0.23, t=-1.31, 

df=40, P=0.20 

0.08, t=2.48, 

df=40, P=0.02 

-0.02, t=-1.01, 

df=40, P=0.32 

 

  3b 21.2 -0.25, t=-1.09, 

df=31, P=0.28 

0.09, t=2.55, 

df=31, P=0.02 

-0.05, t=-1.48, 

df=31, P=0.15 

 

  4a 17.9 -0.33, t=-1.89, 

df=40, P=0.07 

0.07, t=2.33, 

df=40, P=0.02 

 -0.01, t=-0.32, 

df=40, P=0.75 

  4b 16.8 -0.23, t=-0.98, 

df=31, P=0.33 

0.08, t=2.23, 

df=31, P=0.03 

 -0.02, t=-0.63, 

df=31, P=0.53 

  5a 20.5 -0.26, t=-1.43, 

df=39, P=0.16 

0.08, t=2.52, 

df=39, P=0.02 

-0.03, t=-1.13, 

df=39, P=0.27 

-0.02, t=-0.61, 

df=39, P=0.55 

  5b 22.4 -0.24, t=-1.05, 

df=30, P=0.30 

0.09, t=2.55, 

df=30, P=0.02 

-0.05, t=-1.48, 

df=30, P=0.15 

-0.03, t=-0.68, 

df=30, P=0.50 

 wet 1a 18.8 -0.37, t=-3.08, 

df=41, P<0.01* 

   

  1b 13.7 -0.34, t=-2.29, 

df=33, P=0.03 

   

  2a 19.0 -0.38, t=-3.07, 

df=40, P<0.01* 

0.01, t=0.34, 

df=40, P=0.74 

  

  2b 13.8 -0.34, t=-2.26, 

df=32, P=0.03 

0.01, t=0.24, 

df=32, P=0.81 

  

  3a 21.5 -0.32, t=-2.45, 

df=39, P=0.02 

0.01, t=0.48, 

df=39, P=0.63 

-0.03, t=-1.11, 

df=39, P=0.27 

 

  3b 15.0 -0.32, t=-2.10, 

df=31, P=0.04 

0.02, t=0.45, 

df=31, P=0.66 

-0.02, t=-0.66, 

df=31, P=0.51 

 

  4a 19.3 -0.38, t=-3.05, 

df=39, P<0.01* 

0.01, t=0.26, 

df=39, P=0.80 

 0.02, t=0.34, 

df=39, P=0.74 
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Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  4b 13.8 -0.34, t=-1.91, 

df=31, P=0.07 

0.01, t=0.22, 

df=31, P=0.83 

 <0.000, t<0.001, 

df=31, P=1.00 

  5a 21.5 -0.32, t=-2.37, 

df=38, P=0.02 

0.01, t=0.46, 

df=38, P=0.65 

-0.03, t=-1.04, 

df=38, P=0.30 

0.001, t=0.01, 

df=38, P=0.99 

  5b 15.0 -0.32, t=-1.80, 

df=30, P=0.08 

0.02, t=0.41, 

df=30, P=0.68 

-0.03, t=-0.65, 

df=30, P=0.52 

0.002, t=0.03, 

df=30, P=0.98 

Oedura rhombifer      

 dry
d
 1a 5.6 -0.18, t=-1.58, 

df=42, P=0.12 

   

  1b 0.3 -0.05, t=-0.30, 

df=33, P=0.77 

   

  2a 7.0 -0.18, t=-1.61, 

df=41, P=0.12 

0.02, t=0.78, 

df=41, P=0.44 

  

  2b 1.5 -0.05, t=-0.30, 

df=32, P=0.62 

0.02, t=0.63, 

df=32, P=0.53 

  

  3a 7.0 -0.19, t=-1.47, 

df=40, P=0.15 

0.02, t=0.74, 

df=40, P=0.46 

0.002, t=0.09, 

df=40, P=0.93 

 

  3b 3.1 -0.05, t=-0.27, 

df=31, P=0.79 

0.01, t=0.44, 

df=31, P=0.66 

0.02, t=0.71, 

df=31, P=0.48 

 

  4a 24.5 -0.04, t=-0.31, 

df=40, P=0.76 

0.01, t=0.61, 

df=40, P=0.55 

 0.06, t=3.04, 

df=40, P<0.01* 

  4b 16.2 -0.07, t=-0.43, 

df=31, P=0.67 

0.02, t=0.59, 

df=31, P=0.56 

 0.06, t=2.34, 

df=31, P=0.03 

  5a 26.2 -0.07, t=-0.60, 

df=39, P=0.55 

0.01, t=0.41, 

df=39, P=0.68 

0.02, t=0.96, 

df=39, P=0.34 

0.06, t=3.19, 

df=39, P<0.01* 

  5b 18.1 -0.07, t=-0.39, 

df=30, P=0.70 

0.01, t=0.38, 

df=30, P=0.71 

0.02, t=0.82, 

df=30, P=0.42 

0.06, t=2.34, 

df=30, P=0.03 

Rhamphotyphlops 

diversus 

     

 dry 1a 0.5 -0.06, t=-0.46, 

df=42, P=0.65 

   

  1b 2.4 -0.15, t=-0.90, 

df=33, P=0.37 

   

  2a 2.4 -0.05, t=-0.41, 

df=41, P=0.68 

-0.02, t=-0.89, 

df=41, P=0.38 

  

  2b 7.8 -0.14, t=-0.90, 

df=32, P=0.37 

-0.03, t=-1.37, 

df=32, P=0.18 

  

  3a 4.2 -0.10, t=-0.75, 

df=40, P=0.46 

-0.02, t=-1.03, 

df=40, P=0.31 

0.02, t=0.87, 

df=40, P=0.39 

 

  3b 7.8 -0.14, t=-0.87, 

df=31, P=0.39 

-0.03, t=-1.34, 

df=31, P=0.19 

0.003, t=0.13, 

df=31, P=0.90 

 

  4a 2.5 -0.06, t=-0.43, 

df=40, P=0.67 

-0.02, t=-0.87, 

df=40, P=0.39 

 -0.003, t=-0.14, 

df=40, P=0.89 

  4b 8.2 -.15, t=-0.90, 

df=31, P=0.38 

-0.03, t=-1.36, 

df=31, P=0.18 

 0.01, t=0.39, 

df=31, P=0.70 
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Reptile 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5a 4.2 -0.10, t=-0.68, 

df=39, P=0.50 

-0.02, t=-1.02, 

df=39, P=0.31 

0.02, t=0.85, 

df=39, P=0.40 

0.002, t=0.09, 

df=39, P=0.93 

  5b 8.3 -0.15, t=-0.88, 

df=30, P=0.39 

-0.03, t=-1.33, 

df=30, P=0.19 

0.003, t=0.14, 

df=30, P=0.89 

0.01, t=0.38, 

df=30, P=0.71 

Varanus scalaris      

 wet 1a 1.7 0.08, t=0.83, 

df=41, P=0.41 

   

  1b 6.9 0.17, t=1.56, 

df=33, P=0.13 

   

  2a 3.5 0.07, t=0.74, 

df=40, P=0.46 

0.02, t=0.88, 

df=40, P=0.38 

  

  2b 9.2 0.16, t=1.48, 

df=32, P=0.15 

0.02, t=0.91, 

df=32, P=0.37 

  

  3a 9.8 0.13, t=1.31, 

df=39, P=0.20 

0.02, t=1.10, 

df=39, P=0.28 

-0.03, t=-1.64, 

df=39, P=0.11 

 

  3b 9.9 0.17, t=1.53, 

df=31, P=0.14 

0.03, t=1.01, 

df=31, P=0.32 

-0.02, t=-0.49, 

df=31, P=0.63 

 

  4a 3.6 0.07, t=0.74, 

df=39, P=0.46 

0.02, t=0.87, 

df=39, P=0.39 

 -0.004, t=-0.11, 

df=39, P=0.91 

  4b 24.2 0.30, t=2.65, 

df=31, P=0.01 

0.05, t=1.82, 

df=31, P=0.08 

 -0.13, t=-2.48, 

df=31, P=0.02 

  5a 10.7 0.14, t=1.40, 

df=38, P=0.17 

0.03, t=1.22, 

df=38, P=0.23 

-0.04, t=-1.74, 

df=38, P=0.09 

-0.02, t=-0.63, 

df=38, P=0.53 

  5b 24.7 0.31, t=2.64, 

df=30, P=0.01 

0.05, t=1.84, 

df=30, P=0.08 

-0.01, t=-0.42, 

df=30, P=0.68 

-0.12, t=-2.43, 

df=30, P=0.02 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because, unless otherwise specified, all interactions were found to be 

non-significant. 

a For dry season dragon/gecko richness (including paddock sites), the GAMBA*GRAZ interaction 

was significant (2.42, t=3.00, df=28, P<0.01). 

b For dry season Carlia gracilis abundance, the GAMBA*GRAZ interaction (including paddock 

sites) was significant (-0.93, t=-3.23, df=28, P<0.01), and when paddock sites were excluded from 

analyses all interactions involving GRAZ were significant (|t|= 2.96 – 3.63, df=19, P<0.01). 

c For dry season Glaphyromorphus darwiniensis abundance (including paddock sites), the following 

interactions were significant: GAMBA*YEAR (-1.49, t=-3.07, df=28, P<0.01); 

GAMBA*YEAR*GRAZ (0.50, t=2.94, df=28, P<0.01). 

d For dry season Oedura rhombifer abundance (including paddock sites), the following interactions 

were significant: GAMBA*FIRE (0.99, t=3.82, df=28, P<0.001); GAMBA* GRAZ*FIRE (-0.55, 

t=-3.18, df=28, P<0.01); and GAMBA*FIRE (1.56, t=4.07, df=19, P<0.001, excluding paddock 

sites). 

# log-10 transformed. 

+ Insufficient number of records to test models excluding paddock sites (i.e. 1b-5b). 
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Table IX. Generalised Linear Modelling results of mammal richness and abundance 

variables versus gamba grass cover, grazing and fire disturbance. Models used 

GAMBA, GRAZ and FIRE as predictor variables and were constructed as follows: 1: 

response variable ~ GAMBA; 2: response variable ~ GAMBA + GRAZ; 3: response 

variable ~ GAMBA + FIRE; 4: response variable ~ GAMBA + GRAZ + FIRE. GLM 

was done with and without Paddock sites (indicated in the model labels by the 

symbols ‘a’ and ‘b’, respectively). Where results are presented for one season only, 

there were less than five records for the species and therefore abundance was not 

analysed. Results shown
$
 are coefficients, t values and associated probabilities for 

each predictor variable (statistically significant results are indicated by * for P<0.01 or 

** for P<0.001); and % deviance explained by each model. GAMBA was arcsine-

transformed and all abundance variables were log-10 transformed. All models used a 

Gaussian error distribution with identity link. 

Mammal 
variable 

Model % dev. exp. GAMBA GRAZ FIRE 

species richness     

 dry
a
 1a 37.4 3.39, t=3.37, 

df=19, P<0.01* 

  

  1b 39.1 4.23, t=3.10, 

df=15, P<0.01* 

  

  2a 38.6 3.65, t=3.28, 

df=18, P<0.01* 

-0.10, t=-0.60, 

df=18, P=0.56 

 

  2b 40.9 4.35, t=3.10, 

df=14, P<0.01* 

0.13, t=0.65, 

df=14, P=0.53 

 

  3a 50.7 2.18, t=2.04, 

df=18, P=0.06 

 -0.37, t=-2.21, 

df=18, P=0.04 

  3b 70.4 1.06, t=4.12, 

df=14, P<0.01 

 -0.55, t=-3.85, 

df=14, P<0.01* 

  4a 53.9 2.50, t=2.27, 

df=17, P=0.04 

-0.16, t=-1.09, 

df=17, P=0.29 

-0.40, t=-2.38, 

df=17, P=0.03 

  4b 74.0 4.22, t=4.37, 

df=13, P<0.001** 

0.18, t=1.35, 

df=13, P=0.20 

-0.57, t=-4.07, 

df=13, P<0.01* 

 wet 1a 35.8 2.10, t=3.26, 

df=19, P<0.01* 

  

  1b 34.9 1.77, t=2.84, 

df=15, P=0.01 

  

  2a 37.1 2.38, t=2.96, 

df=18, P<0.01* 

-0.12, t=-0.60, 

df=18, P=0.56 

 

  2b 39.7 2.12, t=3.00, 

df=14, P<0.01* 

-0.22, t=-1.05, 

df=14, P=0.31 

 

  3a 43.8 2.30, t=3.64, 

df=18, P<0.01* 

 -0.34, t=-1.60, 

df=18, P=0.13 

  3b 43.6 2.53, t=3.19, 

df=14, P<0.01 

 -0.48, t=-1.47, 

df=14, P=0.16 

  4a 50.5 3.10, t=3.85, 

df=17, P<0.01* 

-0.30, t=-1.52, 

df=17, P=0.15 

-0.50, t=-2.15, 

df=17, P=0.05 

  4b 48.6 2.90, t=3.40, 

df=13, P<0.01* 

-0.22, t=-1.12, 

df=13, P=0.28 

-0.49, t=-1.50, 

df=13, P=0.16 

total abundance     
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Mammal 
variable 

Model % dev. exp. GAMBA GRAZ FIRE 

 dry
b
 1a 29.3 1.48, t=2.81, 

df=19, P=0.01 

  

  1b 45.8 1.69, t=-0.62, 

df=15, P=0.54 

  

  2a 31.8 1.66, t=2.88, 

df=18, P<0.01* 

-0.07, t=-0.80, 

df=18, P=0.43 

 

  2b 48.9 1.74, t=3.63, 

df=14, P<0.01* 

0.06, t=0.91, 

df=14, P=0.38 

 

  3a 37.4 1.02, t=1.71, 

df=18, P=0.10 

 -0.14, t=-1.52, 

df=18, P=0.15 

  3b 70.3 1.63, t=4.49, 

df=14, P<0.001** 

 -0.18, t=-3.40, 

df=14, P<0.01* 

  4a 41.9 1.20, t=1.97, 

df=17, P=0.07 

-0.10, t=-1.14, 

df=17, P=0.27 

-0.16, t=-1.72, 

df=17, P=0.10 

  4b 75.4 1.10, t=4.91, 

df=13, P<0.001** 

0.08, t=1.63, 

df=13, P=0.13 

-0.19, t=-3.74, 

df=13, P<0.01* 

 wet 1a 46.1 0.92, t=4.03, 

df=19, P<0.001** 

  

  1b 43.0 0.80, t=3.36, 

df=15, P<0.01 

  

  2a 49.0 1.08, t=3.89, 

df=18, P<0.01* 

-0.07, t=-1.02, 

df=18, P=0.32 

 

  2b 52.3 1.00, t=3.91, 

df=14, P<0.01* 

-0.12, t=-1.65, 

df=14, P=0.12 

 

  3a 56.3 1.01, t=4.68, 

df=18, P<0.001** 

 -0.15, t=-2.05, 

df=18, P=0.06 

  3b 61.5 1.25, t=4.69, 

df=14, P<0.001** 

 -0.29, t=-2.60, 

df=14, P=0.02 

  4a 68.1 1.14, t=5.67, 

df=17, P<0.001** 

-0.15, t=-2.50, 

df=17, P=0.02 

-0.23, t=-3.18, 

df=17, P<0.01* 

  4b 71.3 1.46, t=5.64, 

df=13, P<0.001** 

-0.13, t=-2.11, 

df=13, P=0.05 

-0.29, t=-2.94, 

df=13, P=0.01 

Isoodon macrourus     

 dry
c
 1a 29.8 0.86, t=2.84, 

df=19, P=0.01 

  

  1b 48.1 1.38, t=3.73, 

df=15, P<0.01* 

  

  2a 30.2 0.90, t=2.68, 

df=18, P=0.02 

-0.02, t=-0.32, 

df=18, P=0.75 

 

  2b 60.3 1.47, t=4.35, 

df=14, P<0.001** 

0.10, t=2.08, 

df=14, P=0.06 

 

  3a 34.6 0.65, t=1.86, 

df=18, P=0.08 

 -0.06, t=-1.15, 

df=18, P=0.27 

  3b 69.9 1.34, t=4.58, 

df=14, P<0.001** 

 -0.13, t=-3.18, 

df=14, P<0.01* 

  4a 35.7 0.71, t=1.91, 

df=17, P=0.07 

-0.03, t=-0.54, 

df=17, P=0.60 

-0.07, t=-1.21, 

df=17, P=0.24 
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Mammal 
variable 

Model % dev. exp. GAMBA GRAZ FIRE 

  4b 85.8 1.44, t=6.84, 

df=13, P<0.001** 

0.11, t=3.81, 

df=13, P<0.01* 

-0.15, t=-4.82, 

df=13, P<0.001** 

 wet 1a 0.002 0.004, t=0.02, 

df=19, P=0.98 

  

  1b 0.4 -0.05, t=-0.23, 

df=15, P=0.82 

  

  2a 10.1 -0.19, t=-0.80, 

df=18, P=0.43 

0.08, t=1.42, 

df=18, P=0.17 

 

  2b 25.4 -0.27, t=-1.26, 

df=14, P=0.23 

0.14, t=2.16, 

df=14, P=0.05 

 

  3a 0.6 0.02, t=0.08, 

df=18, P=0.94 

 -0.02, t=-0.33, 

df=18, P=0.75 

  3b 1.1 0.01, t=0.04, 

df=14, P=0.97 

 -0.04, t=-0.32, 

df=14, P=0.75 

  4a 10.5 -0.22, t=-0.83, 

df=17, P=0.42 

0.09, t=1.37, 

df=17, P=0.19 

0.02, t=0.28, 

df=17, P=0.78 

  4b 25.9 -0.22, t=-0.77, 

df=13, P=0.46 

0.14, t=2.09, 

df=13, P=0.06 

-0.03, t=-0.32, 

df=13, P=0.75 

Macropus agilis     

 dry 1a 3.0 -0.16, t=-0.76, 

df=19, P=0.46 

  

  1b 0.05 -0.03, t=-0.08, 

df=15, P=0.94 

  

  2a 12.0 -0.04, t=-0.19, 

df=18, P=0.85 

-0.05, t=-1.36, 

df=18, P=0.19 

 

  2b 10.5 -0.09, t=-0.25, 

df=14, P=0.81 

-0.06, t=-1.28, 

df=14, P=0.22 

 

  3a 3.0 -0.15, t=-0.58, 

df=18, P=0.57 

 0.004, t=0.10, 

df=18, P=0.92 

  3b 0.4 -0.03, t=-0.09, 

df=14, P=0.93 

 -0.01, t=-0.22, 

df=14, P=0.83 

  4a 12.1 -0.06, t=-0.22, 

df=17, P=0.83 

-0.05, t=-1.33, 

df=17, P=0.20 

-0.01, t=-0.14, 

df=17, P=0.89 

  4b 10.6 -0.09, t=-0.24, 

df=13, P=0.81 

-0.06, t=-1.22, 

df=13, P=0.24 

-0.01, t=-0.10, 

df=13, P=0.92 

 wet 1a 30.5 -0.52, t=-2.89, 

df=19, P<0.01* 

  

  1b 23.7 -0.47, t=-2.16, 

df=15, P=0.05 

  

  2a 37.5 -0.34, t=-1.60, 

df=18, P=0.13 

-0.07, t=-1.42, 

df=18, P=0.17 

 

  2b 31.7 -0.32, t=-1.33, 

df=14, P=0.20 

-0.09, t=-1.28, 

df=14, P=0.22 

 

  3a 31.4 -0.50, t=-2.68, 

df=18, P=0.02 

 -0.03, t=-0.48, 

df=18, P=0.64 

  3b 35.0 -0.19, t=-0.69, 

df=14, P=0.50 

 -0.18, t=-1.56, 

df=14, P=0.14 
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Mammal 
variable 

Model % dev. exp. GAMBA GRAZ FIRE 

  4a 42.8 -0.22, t=-0.96, 

df=17, P=0.35 

-0.11, t=-1.84, 

df=17, P=0.08 

-0.08, t=-1.26, 

df=17, P=0.22 

  4b 43.3 -0.03, t=-0.12, 

df=13, P=0.91 

-0.09, t=-1.38, 

df=13, P=0.19 

-0.18, t=-1.64, 

df=13, P=0.12 

Melomys burtoni     

 wet 1a 64.5 0.93, t=5.87, 

df=19, P<0.001** 

  

  1b 77.6 1.04, t=7.22, 

df=15, P<0.001** 

  

  2a 83.4 1.28, t=9.45, 

df=18, P<0.001** 

-0.15, t=-4.54, 

df=18, P<0.001** 

 

  2b 87.4 1.24, t=9.75, 

df=14, P<0.001** 

-0.12, t=-3.30, 

df=14, P<0.01 

 

  3a 68.4 0.88, t=5.65, 

df=18, P<0.001** 

 0.08, t=1.50, 

df=18, P=0.15 

  3b 77.7 1.06, t=5.34, 

df=14, P<0.001** 

 -0.01, t=-0.11, 

df=14, P=0.91 

  4a 83.4 1.28, t=8.31, 

df=17, P<0.001** 

-0.15, t=-3.92, 

df=17, P<0.01* 

0.01, t=0.13, 

df=17, P=0.90 

  4b 87.5 1.26, t=7.58, 

df=13, P<0.001** 

-0.12, t=-3.19, 

df=13, P<0.01* 

-0.01, t=-0.20, 

df=13, P=0.84 

Planigale maculata     

 wet 1a 36.5 0.68, t=3.31, 

df=19, P<0.01* 

  

  1b 39.1 0.69, t=3.11, 

df=15, P<0.01* 

  

  2a 37.1 0.74, t=2.88, 

df=18, P<0.01* 

-0.03, t=-0.41, 

df=18, P=0.69 

 

  2b 44.3 0.82, t=3.29, 

df=14, P<0.01* 

-0.08, t=-1.13, 

df=14, P=0.28 

 

  3a 36.9 0.70, t=3.23, 

df=18, P<0.01* 

 -0.02, t=-0.34, 

df=18, P=0.74 

  3b 39.3 0.72, t=2.38, 

df=14, P=0.03 

 -0.02, t=-0.16, 

df=14, P=0.88 

  4a 38.2 0.81, t=2.80, 

df=17, P=0.01 

-0.04, t=-0.60, 

df=17, P=0.56 

-0.05, t=-0.56, 

df=17, P=0.58 

  4b 44.4 0.86, t=2.63, 

df=13, P=0.02 

-0.08, t=-1.10, 

df=13, P=0.29 

-0.02, t=-0.18, 

df=13, P=0.86 

Rattus colletti
+
     

 dry
d
 1a 32.4 1.36, t=3.02, 

df=19, P<0.01* 

  

  2a 33.7 1.47, t=2.96, 

df=18, P<0.01* 

-0.04, t=-0.59, 

df=18, P=0.56 

 

  3a 38.6 1.00, t=0.96, 

df=18, P=0.35 

 -0.11, t=-1.34, 

df=18, P=0.20 

  4a 41.1 1.13, t=2.10, 

df=17, P=0.05 

-0.06, t=-0.87, 

df=17, P=0.40 

-0.12, t=-1.47, 

df=17, P=0.16 
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Mammal 
variable 

Model % dev. exp. GAMBA GRAZ FIRE 

 wet 1a 26.8 0.77, t=2.64, 

df=19, P=0.02 

  

  2a 29.1 0.61, t=1.69, 

df=18, P=0.11 

0.07, t=0.77, 

df=18, P=0.45 

 

  3a 34.0 0.85, t=2.93, 

df=18, P<0.01* 

 -0.14, t=-1.40, 

df=18, P=0.18 

  4a 34.2 0.80, t=2.02, 

df=17, P=0.06 

0.02, t=0.21, 

df=17, P=0.84 

-0.13, t=-1.14, 

df=17, P=0.27 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because, unless otherwise specified, all interactions were found to 

be non-significant. 

a For dry season mammal richness (including paddock sites), the GAMBA*GRAZ interaction was 

significant (-3.23, t=-3.93, df=13, P<0.01). 

b For dry season total mammal abundance (including paddock sites), the GAMBA*GRAZ 

interaction was significant (-1.86, t=-4.66, df=13, P<0.001). 

c For dry season Isoodon macrourus abundance (including paddock sites), the GAMBA* GRAZ 

interaction was significant (-1.10, t=-6.26, df=13, P<0.001). 

d For dry season Rattus colletti abundance (including paddock sites), the following interactions 

were significant: GAMBA*GRAZ (-1.50, t=-3.60, df=13, P<0.01); GAMBA*FIRE (-3.12, t=-

3.15, df=13, P<0.01). 

+ Insufficient number of records to test models excluding paddock sites (i.e. 1b-5b). 
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Table X. Generalised Linear Modelling results of bird forage guild and total richness 

and abundance variables, versus gamba grass cover, survey year, grazing and fire 

disturbance. Models were constructed as described for Table VIII. Forage guilds are 

defined in Chapter 6, section 6.x.x. Where results are presented for one season only, 

there were less than eight records for the species and therefore abundance was not 

analysed. Results shown
$
 are coefficients, t values and associated probabilities for 

each predictor variable (statistically significant results are indicated by * for P<0.01 or 

** for P<0.001); and % deviance explained by each model. GAMBA was arcsine-

transformed and all models used a Gaussian error distribution with identity link. 

Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

total species 

richness 

      

 dry 1a 18.6 -16.23, t=-3.10, 

df=42, P<0.01* 

   

  1b 0.2 1.65, t=0.27, 

df=33, P=0.79 

   

  2a 19.1 -16.38, t=-3.09, 

df=41, P<0.01* 

0.51, t=0.50, 

df=41, P=0.62 

  

  2b 0.2 1.65, t=0.27, 

df=32, P=0.79 

0.03, t=0.03, 

df=32, P=0.98 

  

  3a 22.2 -13.45, t=-2.25, 

df=40, P=0.03 

0.74, t=0.72, 

df=40, P=0.48 

-1.05, t=-1.26, 

df=40, P=0.21 

 

  3b 0.9 1.77, t=0.29, 

df=31, P=0.77 

-0.08, t=-0.08, 

df=31, P=0.94 

0.43, t=0.47, 

df=31, P=0.64 

 

  4a 35.4 -9.25, t=-1.75, 

df=40, P=0.09 

0.29, t=0.31, 

df=40, P=0.76 

 2.65, t=3.18, 

df=40, P<0.01* 

  4b 0.4 1.59, t=0.26, 

df=31, P=0.80 

0.02, t=0.02, 

df=31, P=0.98 

 0.20, t=0.20, 

df=31, P=0.84 

  5a 35.9 -8.28, t=-1.47, 

df=39, P=0.15 

0.39, t=0.41, 

df=39, P=0.68 

-0.43, t=-0.54, 

df=39, P=0.59 

2.53, t=2.89, 

df=39, P<0.01* 

  5b 1.1 1.71, t=0.27, 

df=30, P=0.79 

-0.09, t=-0.09, 

df=30, P=0.93 

0.43, t=0.47, 

df=30, P=0.64 

0.21, t=0.21, 

df=30, P=0.84 

 wet 1a 1.4 -2.71, t=-0.77, 

df=41, P=0.45 

   

  1b 5.9 4.17, t=1.44, 

df=33, P=0.16 

   

  2a 1.6 -2.62, t=-0.74, 

df=40, P=0.46 

-0.25, t=-0.28, 

df=40, P=0.78 

  

  2b 8.2 4.37, t=1.50, 

df=32, P=0.14 

-0.64, t=-0.88, 

df=32, P=0.39 

  

  3a 14.5 0.59, t=0.16, 

df=39, P=0.87 

0.02, t=0.02, 

df=39, P=0.98 

-1.77, t=-2.42, 

df=39, P=0.02 

 

  3b 19.2 3.38, t=1.20, 

df=31, P=0.24 

-1.14, t=-1.56, 

df=31, P=0.13 

1.68, t=2.05, 

df=31, P=0.05 

 

  4a 12.7 -3.34, t=-0.98, 

df=39, P=0.33 

-0.63, t=-0.73, 

df=39, P=0.47 

 2.71, t=2.22, 

df=39, P=0.03 

  4b 9.9 5.74, t=1.68, 

df=31, P=0.10 

-0.42, t=-0.53, 

df=31, P=0.60 

 -1.17, t=-0.78, 

df=31, P=0.44 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5a 20.0 -0.61, t=-0.17, 

df=38, P=0.87 

-0.32, t=-0.38, 

df=38, P=0.71 

-1.40, t=-1.87, 

df=38, P=0.07 

2.01, t=1.62, 

df=38, P=0.11 

  5b 21.3 4.88, t=1.50, 

df=30, P=0.14 

-0.91, t=-1.16, 

df=30, P=0.26 

1.72, t=2.09, 

df=30, P=0.05 

-1.30, t=-0.91, 

df=30, P=0.37 

total 

abundance 

      

 dry 1a 9.5 -64.91, t=-2.10, 

df=42, P=0.04 

   

  1b 1.4 26.09, t=0.69, 

df=33, P=0.50 

   

  2a 9.5 -64.79, t=-2.06, 

df=41, P=0.05 

-0.41, t=-0.07, 

df=41, P=0.94 

  

  2b 2.2 26.29, t=0.69, 

df=32, P=0.50 

-3.02, t=-0.52, 

df=32, P=0.61 

  

  3a 9.5 -63.13, t=-1.79, 

df=40, P=0.08 

-0.29, t=-0.05, 

df=40, P=0.96 

-0.54, t=-0.11, 

df=40, P=0.91 

 

  3b 11.3 29.04, t=0.78, 

df=31, P=0.44 

-5.42, t=-0.93, 

df=31, P=0.36 

9.60, t=1.78, 

df=31, P=0.08 

 

  4a 19.1 -34.12, t=-1.03, 

df=40, P=0.31 

-1.37, t=-0.24, 

df=40, P=0.81 

 11.43, t=2.18, 

df=40, P=0.04 

  4b 3.4 27.37, t=0.71, 

df=31, P=0.48 

-2.90, t=-0.49, 

df=31, P=0.63 

 -3.73, t=-0.61, 

df=31, P=0.55 

  5a 19.6 -39.69, t=-1.12, 

df=39, P=0.27 

-1.97, t=-0.33, 

df=39, P=0.74 

2.44, t=0.49, 

df=39, P=0.63 

12.15, t=2.21, 

df=39, P=0.03 

  5b 12.2 30.01, t=0.80, 

df=30, P=0.43 

-5.29, t=-0.90, 

df=30, P=0.38 

9.51, t=1.74, 

df=30, P=0.09 

-3.46, t=-0.58, 

df=30, P=0.57 

 wet 1a 4.7 -25.50, t=-1.42, 

df=41, P=0.16 

   

  1b 0.2 -4.93, t=-0.25, 

df=33, P=0.80 

   

  2a 33.8 -19.40, t=-1.28, 

df=40, P=0.21 

-15.77, t=-4.19, 

df=40, P<0.001** 

  

  2b 53.5 1.52, t=0.11, 

df=32, P=0.91 

-20.55, t=-6.05, 

df=32, P<0.001** 

  

  3a 38.49 -9.26, t=-0.58, 

df=39, P=0.57 

-14.93, t=-4.03, 

df=39, P<0.001** 

-5.60, t=-1.73, 

df=39, P=0.09 

 

  3b 62.8 -4.49, t=-0.36, 

df=31, P=0.72 

-23.62, t=-7.21, 

df=31, P<0.001** 

10.20, t=2.78, 

df=31, P<0.01* 

 

  4a 35.9 -21.04, t=-1.38, 

df=39, P=0.18 

-16.64, t=-4.34, 

df=39, P<0.001** 

 6.16, t=1.13, 

df=39, P=0.27 

  4b 54.2 7.02, t=0.44, 

df=31, P=0.66 

-19.65, t=-5.34, 

df=31, P<0.001** 

 -4.70, t=-0.67, 

df=31, P=0.51 

  5a 39.2 -11.48, t=-0.70, 

df=38, P=0.49 

-15.56, t=-4.04, 

df=38, P<0.001** 

-4.92, t=-1.44, 

df=38, P=0.16 

3.73, t=0.66, 

df=38, P=0.51 

  5b 63.7 1.87, t=0.13, 

df=30, P=0.90 

-22.31, t=-3.47, 

df=30, P<0.01* 

10.35, t=2.81, 

df=30, P<0.01* 

-5.51, t=-0.86, 

df=30, P=0.40 

forage guild 

1 richness 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

 dry
a
 1a 4.7 -1.77, t=-1.43, 

df=42, P=0.16 

   

  1b 4.6 2.02, t=1.26, 

df=33, P=0.22 

   

  2a 4.7 -1.78, t=-1.42, 

df=41, P=0.16 

0.02, t=0.08, 

df=41, P=0.94 

  

  2b 5.1 2.03, t=1.25, 

df=32, P=0.22 

-0.10, t=-0.42, 

df=32, P=0.68 

  

  3a 5.2 -1.49, t=-1.05, 

df=40, P=0.30 

0.04, t=0.16, 

df=40, P=0.87 

-0.10, t=-0.47, 

df=40, P=0.64 

 

  3b 10.7 2.12, t=1.33, 

df=31, P=0.19 

-0.19, t=-0.74, 

df=31, P=0.46 

0.32, t=1.39, 

df=31, P=0.17 

 

  4a 5.1 -1.52, t=-1.08, 

df=40, P=0.29 

0.01, t=0.04, 

df=40, P=0.97 

 0.10, t=0.45, 

df=40, P=0.66 

  4b 25.2 2.22, t=1.52, 

df=31, P=0.14 

-0.08, t=-0.37, 

df=31, P=0.71 

 -0.67, t=-2.88, 

df=31, P<0.01* 

  5a 5.5 -1.34, t=-0.90, 

df=39, P=0.37 

0.03, t=0.12, 

df=39, P=0.91 

-0.08, t=-0.36, 

df=39, P=0.72 

0.08, t=0.33, 

df=39, P=0.74 

  5b 30.2 2.31, t=1.60, 

df=30, P=0.12 

-0.16, t=-0.71, 

df=30, P=0.48 

0.31, t=1.47, 

df=30, P=0.15 

-0.66, t=-2.89, 

df=30, P<0.01* 

 wet 1a 0.4 -0.35, t=-0.42, 

df=41, P=0.68 

   

  1b 3.6 0.92, t=1.12, 

df=33, P=0.27 

   

  2a 0.5 -0.36, t=-0.43, 

df=40, P=0.67 

0.03, t=0.15, 

df=40, P=0.88 

  

  2b 6.7 0.92, t=1.10, 

df=32, P=0.28 

-0.01, t=-0.04, 

df=32, P=0.97 

  

  3a 12.0 0.36, t=0.41, 

df=39, P=0.68 

0.09, t=0.45, 

df=39, P=0.66 

-0.40, t=-2.26, 

df=39, P=0.03 

 

  3b 4.3 0.85, t=0.99, 

df=31, P=0.33 

-0.04, t=-0.19, 

df=31, P=0.85 

0.11, t=0.45, 

df=31, P=0.66 

 

  4a 7.4 -0.50, t=-0.60, 

df=39, P=0.55 

-0.04, t=-0.19, 

df=39, P=0.85 

 0.51, t=1.71, 

df=39, P=0.10 

  4b 4.0 1.09, t=1.11, 

df=31, P=0.28 

0.02, t=0.09, 

df=31, P=0.93 

 -0.15, t=-0.34, 

df=31, P=0.74 

  5a 14.9 0.16, t=0.17, 

df=38, P=0.87 

0.03, t=0.16, 

df=38, P=0.87 

-0.34, t=-1.82, 

df=38, P=0.08 

0.35, t=1.13, 

df=38, P=0.27 

  5b 4.7 1.04, t=1.03, 

df=30, P=0.31 

-0.01, t=-0.05, 

df=30, P=0.96 

0.12, t=0.46, 

df=30, P=0.65 

-0.16, t=-0.36, 

df=30, P=0.72 

forage guild 

1 abundance 

      

 dry 1a 0.1 3.82, t=0.19, 

df=42, P=0.85 

   

  1b 5.5 42.56, t=1.38, 

df=33, P=0.18 

   

  2a 1.0 4.54, t=0.22, 

df=41, P=0.83 

-2.48, t=-0.62, 

df=41, P=0.54 
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  2b 7.6 42.84, t=1.38, 

df=32, P=0.18 

-4.09, t=-0.86, 

df=32, P=0.40 

  

  3a 2.9 13.46, t=0.58, 

df=40, P=0.57 

-1.84, t=-0.45, 

df=40, P=0.66 

-2.90, t=-0.87, 

df=40, P=0.39 

 

  3b 7.6 42.94, t=1.37, 

df=31, P=0.18 

-4.18, t=-0.84, 

df=31, P=0.41 

0.36, t=0.08, 

df=31, P=0.94 

 

  4a 1.7 9.84, t=0.42, 

df=40, P=0.68 

-2.64, t=-0.65, 

df=40, P=0.52 

 1.98, t=0.54, 

df=40, P=0.59 

  4b 10.3 44.20, t=1.43, 

df=31, P=0.16 

-3.94, t=-0.83, 

df=31, P=0.41 

 -4.74, t=-0.96, 

df=31, P=0.34 

  5a 3.1 15.79, t=0.64, 

df=39, P=0.53 

-2.00, t=-0.48, 

df=39, P=0.63 

-2.60, t=-0.75, 

df=39, P=0.46 

1.21, t=0.32, 

df=39, P=0.75 

  5b 10.3 44.27, t=1.40, 

df=30, P=0.17 

-4.00, t=-0.81, 

df=30, P=0.42 

0.25, t=0.05, 

df=30, P=0.96 

-4.74, t=-0.94, 

df=30, P=0.35 

 wet 1a 0.9 -2.05, t=-0.60, 

df=41, P=0.55 

   

  1b 0.8 1.91, t=0.51, 

df=33, P=0.61 

   

  2a 10.5 -1.39, t=-0.42, 

df=40, P=0.68 

-1.71, t=-2.07, 

df=40, P=0.04 

  

  2b 14.6 2.54, t=0.71, 

df=32, P=0.48 

-2.02, t=-2.27, 

df=32, P=0.03 

  

  3a 11.4 -0.55, t=-0.15, 

df=39, P=0.88 

-1.64, t=-1.96, 

df=39, P=0.06 

-0.46, t=-0.63, 

df=39, P=0.53 

 

  3b 29.7 1.06, t=0.32, 

df=31, P=0.75 

-2.77, t=-3.19, 

df=31, P<0.01* 

2.51, t=2.58, 

df=31, P=0.01 

 

  4a 19.7 -2.03, t=-0.63, 

df=39, P=0.53 

-2.05, t=-2.54, 

df=39, P=0.02 

 2.42, t=2.11, 

df=39, P=0.04 

  4b 17.0 0.51, t=0.12, 

df=31, P=0.91 

-2.35, t=-2.46, 

df=31, P=0.02 

 1.73, t=0.95, 

df=31, P=0.35 

  5a 19.7 -1.99, t=-0.56, 

df=38, P=0.58 

-2.05, t=-2.45, 

df=38, P=0.02 

-0.02, t=-0.03, 

df=38, P=0.98 

2.41, t=1.98, 

df=38, P=0.05 

  5b 31.6 -0.72, t=-0.19, 

df=30, P=0.85 

-3.05, t=-3.31, 

df=30, P<0.01* 

2.47, t=2.53, 

df=30, P=0.02 

1.54, t=0.91, 

df=30, P=0.37 

forage guild 

2 richness 

      

 dry 1a 17.4 -6.48, t=-2.98, 

df=42, P<0.01* 

   

  1b 0.3 -0.92, t=-0.32, 

df=33, P=0.75 

   

  2a 19.1 -6.59, t=-3.02, 

df=41, P<0.01* 

0.39, t=0.92, 

df=41, P=0.36 

  

  2b 1.3 -0.94, t=-0.32, 

df=32, P=0.75 

0.26, t=0.57, 

df=32, P=0.57 

  

  3a 22.8 -5.13, t=-2.13, 

df=40, P=0.04 

0.49, t=1.17, 

df=40, P=0.25 

-0.47, t=-1.38, 

df=40, P=0.18 

 

  3b 1.5 -0.97, t=-0.32, 

df=31, P=0.75 

0.28, t=0.60, 

df=31, P=0.55 

-0.11, t=-0.25, 

df=31, P=0.80 
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Bird 
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Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  4a 40.5 -3.22, t=-1.54, 

df=40, P=0.13 

0.28, t=0.77, 

df=40, P=0.45 

 1.26, t=3.80, 

df=40, P<0.001** 

  4b 9.2 -1.16, t=-0.40, 

df=31, P=0.69 

0.23, t=0.53, 

df=31, P=0.60 

 0.76, t=1.64, 

df=31, P=0.11 

  5a 41.0 -2.81, t=-1.26, 

df=39, P=0.22 

0.33, t=0.87, 

df=39, P=0.39 

-0.18, t=-0.57, 

df=39, P=0.57 

1.20, t=3.47, 

df=39, P<0.01* 

  5b 9.3 -1.18, t=-0.40, 

df=30, P=0.69 

0.25, t=0.55, 

df=30, P=0.59 

-0.09, t=-0.21, 

df=30, P=0.84 

0.75, t=1.61, 

df=30, P=0.12 

 wet 1a 0.3 -0.39, t=-0.33, 

df=41, P=0.74 

   

  1b 10.9 2.02, t=2.01, 

df=33, P=0.05 

   

  2a 2.2 -0.49, t=-0.41, 

df=40, P=0.68 

0.27, t=0.90, 

df=40, P=0.37 

  

  2b 13.3 1.94, t=1.93, 

df=32, P=0.06 

0.24, t=0.94, 

df=32, P=0.35 

  

  3a 16.6 0.65, t=0.54, 

df=39, P=0.59 

0.36, t=1.29, 

df=39, P=0.20 

-0.63, t=-2.59, 

df=39, P=0.01 

 

  3b 17.6 1.72, t=1.70, 

df=31, P=0.10 

0.12, t=0.47, 

df=31, P=0.64 

0.37, t=1.26, 

df=31, P=0.22 

 

  4a 17.4 -0.78, t=-0.69, 

df=39, P=0.49 

0.12, t=0.41, 

df=39, P=0.68 

 1.07, t=2.68, 

df=39, P=0.01 

  4b 14.8 2.40, t=2.02, 

df=31, P=0.05 

0.31, t=1.14, 

df=31, P=0.26 

 -0.39, t=-0.74, 

df=31, P=0.46 

  5a 25.0 0.16, t=0.13, 

df=38, P=0.90 

0.22, t=0.80, 

df=38, P=0.43 

-0.48, t=-1.96, 

df=38, P=0.06 

0.83, t=2.06, 

df=38, P=0.05 

  5b 19.3 2.20, t=1.87, 

df=30, P=0.07 

0.20, t=0.71, 

df=30, P=0.48 

0.38, t=1.29, 

df=30, P=0.21 

-0.42, t=-0.81, 

df=30, P=0.42 

forage guild 

2 abundance 

      

 dry 1a 12.5 -22.96, t=-2.45, 

df=42, P=0.02 

   

  1b 2.1 -10.80, t=-0.83, 

df=33, P=0.41 

   

  2a 16.6 -23.70, t=-2.55, 

df=41, P=0.01 

2.55, t=1.42, 

df=41, P=0.16 

  

  2b 4.4 -10.91, t=-0.84, 

df=32, P=0.41 

1.75, t=0.88, 

df=32, P=0.39 

  

  3a 16.7 -22.47, t=-2.15, 

df=40, P=0.04 

2.64, t=1.43, 

df=40, P=0.16 

-0.40, t=-0.27, 

df=40, P=0.79 

 

  3b 4.6 -10.77, t=-0.82, 

df=31, P=0.42 

1.63, t=0.78, 

df=31, P=0.44 

0.50, t=0.26, 

df=31, P=0.80 

 

  4a 33.0 -11.36, t=-1.22, 

df=40, P=0.23 

2.16, t=1.33, 

df=40, P=0.19 

 4.60, t=3.13, 

df=40, P<0.01* 

  4b 14.6 -12.02, t=-0.96, 

df=31, P=0.34 

1.63, t=0.85, 

df=31, P=0.40 

 3.84, t=1.93, 

df=31, P=0.06 

  5a 33.5 -13.15, t=-1.33, 

df=39, P=0.19 

1.97, t=1.17, 

df=39, P=0.25 

0.78, t=0.56, 

df=39, P=0.58 

4.83, t=3.14, 

df=39, P<0.01* 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5b 14.9 -11.85, t=-0.94, 

df=30, P=0.35 

1.48, t=0.74, 

df=30, P=0.47 

0.59, t=0.32, 

df=30, P=0.75 

3.85, t=1.91, 

df=30, P=0.07 

 wet 1a 0.5 -2.45, t=-0.46, 

df=41, P=0.65 

   

  1b 1.8 4.53, t=0.77, 

df=33, P=0.45 

   

  2a 3.1 -1.92, t=-0.35, 

df=40, P=0.73 

-1.38, t=-1.03, 

df=40, P=0.31 

  

  2b 6.8 5.13, t=0.88, 

df=32, P=0.39 

-1.91, t=-1.32, 

df=32, P=0.20 

  

  3a 3.8 -0.74, t=-0.13, 

df=39, P=0.90 

-1.28, t=-0.94, 

df=39, P=0.35 

-0.65, t=-0.55, 

df=39, P=0.59 

 

  3b 24.5 2.63, t=0.49, 

df=31, P=0.63 

-3.19, t=-2.26, 

df=31, P=0.03 

4.25, t=2.69, 

df=31, P=0.01 

 

  4a 7.6 -2.62, t=-0.49, 

df=39, P=0.63 

-1.75, t=-1.29, 

df=39, P=0.20 

 2.65, t=1.38, 

df=39, P=0.18 

  4b 7.7 7.00, t=1.02, 

df=31, P=0.32 

-1.60, t=-1.02, 

df=31, P=0.32 

 -1.60, t=-0.53, 

df=31, P=0.60 

  5a 7.6 -2.27, t=-0.38, 

df=38, P=0.71 

-1.71, t=-1.22, 

df=38, P=0.23 

-0.18, t=-0.15, 

df=38, P=0.88 

2.56, t=1.26, 

df=38, P=0.22 

  5b 25.7 4.86, t=0.77, 

df=30, P=0.45 

-2.83, t=-1.88, 

df=30, P=0.07 

4.30, t=2.70, 

df=30, P=0.01 

-1.94, t=-0.70, 

df=30, P=0.49 

forage guild 

3 richness 

      

 dry 1a 25.5 -4.46, t=-3.79, 

df=42, P<0.001** 

   

  1b 0.01 0.06, t=0.05, 

df=33, P=0.96 

   

  2a 26.6 -4.51, t=-3.81, 

df=41, P<0.001** 

0.17, t=0.76, 

df=41, P=0.45 

  

  2b 0.8 0.05, t=0.04, 

df=32, P=0.97 

0.10, t=0.50, 

df=32, P=0.62 

  

  3a 32.3 -3.48, t=-2.72, 

df=40, P<0.01* 

0.25, t=1.10, 

df=40, P=0.28 

-0.34, t=-1.83, 

df=40, P=0.07 

 

  3b 0.9 0.06, t=0.05, 

df=31, P=0.96 

0.09, t=0.45, 

df=31, P=0.66 

0.03, t=0.14, 

df=31, P=0.89 

 

  4a 35.5 -3.28, t=-2.64, 

df=40, P=0.01 

0.13, t=0.62, 

df=40, P=0.54 

 0.46, t=2.35, 

df=40, P=0.02 

  4b 5.8 0.13, t=0.10, 

df=31, P=0.92 

0.11, t=0.55, 

df=31, P=0.59 

 -0.26, t=-1.28, 

df=31, P=0.21 

  5a 38.2 -2.73, t=-2.10, 

df=39, P=0.04 

0.19, t=0.88, 

df=39, P=0.38 

-0.24, t=-1.31, 

df=39, P=0.20 

0.39, t=1.93, 

df=39, P=0.06 

  5b 5.8 0.13, t=0.10, 

df=30, P=0.92 

0.10, t=0.50, 

df=30, P=0.62 

0.02, t=0.11, 

df=30, P=0.91 

-0.26, t=-1.26, 

df=30, P=0.22 

 wet 1a 3.9 -1.13, t=-1.28, 

df=41, P=0.21 

   

  1b 3.5 0.75, t=1.09, 

df=33, P=0.28 
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  2a 6.3 -1.04, t=-1.18, 

df=40, P=0.24 

-0.22, t=-1.02, 

df=40, P=0.31 

  

  2b 12.9 0.85, t=1.27, 

df=32, P=0.21 

-0.31, t=-1.86, 

df=32, P=0.07 

  

  3a 25.3 -0.05, t=-0.06, 

df=39, P=0.95 

-0.14, t=-0.71, 

df=39, P=0.48 

-0.55, t=-3.15, 

df=39, P<0.01* 

 

  3b 16.5 0.71, t=1.06, 

df=31, P=0.30 

-0.38, t=-2.15, 

df=31, P=0.04 

0.23, t=1.16, 

df=31, P=0.25 

 

  4a 14.5 -1.20, t=-1.40, 

df=39, P=0.17 

-0.31, t=-1.42, 

df=39, P=0.16 

 0.59, t=1.94, 

df=39, P=0.06 

  4b 25.6 1.71, t=2.35, 

df=31, P=0.03 

-0.17, t=-1.00, 

df=31, P=0.33 

 -0.74, t=-2.30, 

df=31, P=0.03 

  5a 28.0 -0.26, t=-0.30, 

df=38 P=0.77 

-0.20, t=-0.98, 

df=38, P=0.33 

-0.48, t=-2.66, 

df=38, P=0.01 

0.36, t=1.19, 

df=38, P=0.24 

  5b 29.9 1.58, t=2.19, 

df=30, P=0.04 

-0.24, t=-1.37, 

df=30, P=0.18 

0.25, t=1.35, 

df=30, P=0.19 

-0.76, t=-2.39, 

df=30, P=0.02 

forage guild 

3 abundance 

      

 dry 1a 25.9 -46.46, t=-3.83, 

df=42, P<0.001** 

   

  1b 4.1 -20.09, t=-1.19, 

df=33, P=0.24 

   

  2a 27.7 -47.15, t=-3.88, 

df=41, P<0.001** 

2.38, t=1.02, 

df=41, P=0.31 

  

  2b 5.7 -20.22, t=-1.19, 

df=32, P=0.24 

1.91, t=0.73, 

df=32, P=0.47 

  

  3a 29.5 -53.19, t=-3.94, 

df=40, P<0.001** 

1.94, t=0.82, 

df=40, P=0.42 

1.96, t=1.02, 

df=40, P=0.31 

 

  3b 26.0 -18.36, t=-1.20, 

df=31, P=0.24 

0.28, t=0.11, 

df=31, P=0.91 

6.51, t=2.91, 

df=31, P<0.01* 

 

  4a 28.8 -42.81, t=-3.18, 

df=40, P<0.01* 

2.24, t=0.95, 

df=40, P=0.35 

 1.62, t=0.67, 

df=40, P=0.51 

  4b 11.9 -19.09, t=-1.14, 

df=31, P=0.26 

2.03, t=0.80, 

df=31, P=0.43 

 -3.94, t=-1.48, 

df=31, P=0.15 

  5a 31.6 -48.62, t=-3.44, 

df=40, P<0.01* 

1.61, t=0.67, 

df=40, P=0.51 

2.54, t=1.27, 

df=40, P=0.21 

2.37, t=1.08, 

df=40, P=0.29 

  5b 31.6 -17.31, t=-1.16, 

df=30, P=0.26 

0.42, t=0.18, 

df=30, P=0.86 

6.42, t=2.94, 

df=30, P<0.01* 

-3.75, t=-1.57, 

df=30, P=0.13 

 wet 1a 11.1 -20.78, t=-2.26, 

df=41, P=0.03 

   

  1b 3.2 -10.83, t=-1.05, 

df=33, P=0.30 

   

  2a 43.7 -17.34, t=-2.33, 

df=40, P=0.02 

-8.91, t=-4.82, 

df=40, P<0.001** 

  

  2b 58.5 -7.32, t=-1.06, 

df=32, P=0.30 

-11.21, t=-6.53, 

df=32, P<0.001** 

  

  3a 56.9 -8.32, t=-1.17, 

df=39, P=0.25 

-8.16, t=-4.94, 

df=39, P<0.001** 

-4.97, t=-3.46, 

df=39, P<0.01* 
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  3b 58.8 -6.77, t=-0.95, 

df=31, P=0.35 

-10.93, t=-5.92, 

df=31, P<0.001** 

-0.93, t=-0.45, 

df=31, P=0.66 

 

  4a 44.4 -17.83, t=-2.37, 

df=39, P=0.02 

-9.17, t=-4.83, 

df=39, P<0.001** 

 1.86, t=0.69, 

df=39, P=0.49 

  4b 60.7 -1.86, t=-0.23, 

df=31, P=0.82 

-10.31, t=-5.66, 

df=31, P<0.001** 

 -4.66, t=-1.34, 

df=31, P=0.19 

  5a 57.0 -7.93, t=-1.08, 

df=38, P=0.29 

-8.05, t=-4.67, 

df=38, P<0.001** 

-5.09, t=-3.34, 

df=38, P<0.01* 

-0.65, t=-0.26, 

df=38, P=0.80 

  5b 61.0 -1.46, t=-0.18, 

df=30, P=0.86 

-10.08, t=-5.20, 

df=30, P<0.001** 

-0.81, t=-0.40, 

df=30, P=0.69 

-4.60, t=-1.30, 

df=30, P=0.20 

forage guild 

4 richness 

      

 dry 1a 3.8 -1.73, t=-1.28, 

df=42, P=0.21 

   

  1b 0.2 0.48, t=0.25, 

df=33, P=0.80 

   

  2a 5.0 -1.68, t=-1.23, 

df=41, P=0.23 

-0.19, t=-0.72, 

df=41, P=0.48 

  

  2b 3.7 0.50, t=0.26, 

df=32, P=0.80 

-0.32, t=-1.08, 

df=32, P=0.29 

  

  3a 5.8 -2.07, t=-1.36, 

df=40, P=0.18 

-0.22, t=-0.80, 

df=40, P=0.43 

0.13, t=0.58, 

df=40, P=0.57 

 

  3b 9.9 0.61, t=0.32, 

df=31, P=0.75 

-0.42, t=-1.40, 

df=31, P=0.17 

0.41, t=1.46, 

df=31, P=0.15 

 

  4a 9.5 -0.78, t=-0.53, 

df=40, P=0.60 

-0.21, t=-0.83, 

df=40, P=0.41 

 0.33, t=1.42, 

df=40, P=0.16 

  4b 3.8 0.52, t=0.26, 

df=31, P=0.80 

-0.32, t=-1.05, 

df=31, P=0.30 

 -0.06, t=-0.20, 

df=31, P=0.84 

  5a 11.8 -1.30, t=-0.83, 

df=39, P=0.41 

-0.27, t=-1.02, 

df=39, P=0.31 

0.22, t=1.02, 

df=39, P=0.31 

0.40, t=1.64, 

df=39, P=0.11 

  5b 10.0 0.63, t=0.32, 

df=30, P=0.75 

-0.42, t=-1.37, 

df=30, P=0.18 

0.41, t=1.43, 

df=30, P=0.16 

-0.05, t=-0.17, 

df=30, P=0.87 

 wet 1a 0.3 -0.34, t=-0.33, 

df=41, P=0.74 

   

  1b 0.02 0.10, t=0.08, 

df=33, P=0.94 

   

  2a 0.4 -0.32, t=-0.31, 

df=40, P=0.76 

-0.05, t=-0.21, 

df=40, P=0.83 

  

  2b 1.6 0.17, t=0.14, 

df=32, P=0.89 

-0.22, t=-0.72, 

df=32, P=0.48 

  

  3a 1.8 -0.63, t=-0.56, 

df=39, P=0.58 

-0.08, t=-0.30, 

df=39, P=0.77 

0.17, t=0.75, 

df=39, P=0.46 

 

  3b 28.6 -0.45, t=-0.43, 

df=31, P=0.67 

-0.53, t=-1.94, 

df=31, P=0.06 

1.05, t=3.42, 

df=31, P<0.01* 

 

  4a 1.1 -0.37, t=-0.35, 

df=39, P=0.73 

-0.08, t=-0.31, 

df=39, P=0.76 

 0.20, t=0.53, 

df=39, P=0.60 

  4b 2.4 -0.19, t=-0.13, 

df=31, P=0.90 

-0.27, t=-0.84, 

df=31, P=0.41 

 0.30, t=0.48, 

df=31, P=0.63 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5a 3.4 -0.82, t=-0.71, 

df=38, P=0.48 

-0.13, t=-0.48, 

df=38, P=0.63 

0.23, t=0.95, 

df=38, P=0.35 

0.31, t=0.79, 

df=38, P=0.43 

  5b 29.0 -0.71, t=-0.57, 

df=30, P=0.57 

-0.57, t=-1.94, 

df=30, P=0.06 

1.04, t=3.35, 

df=30, P<0.01* 

0.22, t=0.41, 

df=30, P=0.68 

forage guild 

4 abundance 

      

 dry 1a 1.8 6.34, t=0.88, 

df=42, P=0.38 

   

  1b 6.0 14.10, t=1.45, 

df=33, P=0.16 

   

  2a 10.1 4.10, t=1.01, 

df=41, P=0.32 

-2.62, t=-1.94, 

df=41, P=0.06 

  

  2b 11.9 14.24, t=1.49, 

df=32, P=0.15 

-2.14, t=-1.47, 

df=32, P=0.15 

  

  3a 15.5 1.70, t=0.22, 

df=40, P=0.83 

-3.01, t=-2.24, 

df=40, P=0.03 

1.76, t=1.61, 

df=40, P=0.12 

 

  3b 25.1 15.11, t=1.69, 

df=31, P=0.10 

-2.91, t=-2.06, 

df=31, P=0.05 

3.04, t=2.33, 

df=31, P=0.03 

 

  4a 14.5 11.7, t=1.54, 

df=40, P=0.13 

-2.76, t=-2.07, 

df=40, P=0.04 

 1.72, t=1.43, 

df=40, P=0.16 

  4b 11.9 14.24, t=1.47, 

df=31, P=0.15 

-2.14, t=-1.44, 

df=31, P=0.16 

 -0.02, t=-0.01, 

df=31, P=0.99 

  5a 23.5 6.36, t=0.82, 

df=39, P=0.42 

-3.35, t=-2.56, 

df=39, P=0.01 

2.35, t=2.15, 

df=39, P=0.04 

2.42, t=2.02, 

df=39, P=0.05 

  5b 25.1 15.09, t=1.66, 

df=30, P=0.11 

-2.91, t=-2.03, 

df=30, P=0.05 

3.04, t=2.29, 

df=30, P=0.03 

0.07, t=0.05, 

df=30, P=0.96 

 wet 1a 0.1 0.78, t=0.16, 

df=41, P=0.87 

   

  1b 0.2 -1.40, t=-0.26, 

df=33, P=0.80 

   

  2a 9.7 1.72, t=0.36, 

df=40, P=0.72 

-2.44, t=-2.07, 

df=40, P=0.04 

  

  2b 24.3 -0.22, t=-0.05, 

df=32, P=0.96 

-3.76, t=-3.20, 

df=32, P<0.01* 

  

  3a 14.1 -0.89, t=-0.18, 

df=39, P=0.86 

-2.66, t=-2.26, 

df=39, P=0.03 

1.44, t=1.41, 

df=39, P=0.17 

 

  3b 52.1 -3.04, t=-0.78, 

df=31, P=0.44 

-5.20, t=-5.15, 

df=31, P<0.001** 

4.79, t=4.24, 

df=31, P<0.001** 

 

  4a 11.6 2.14, t=0.45, 

df=39, P=0.66 

-2.23, t=-1.84, 

df=39, P=0.07 

 -1.55, t=-0.91, 

df=39, P=0.37 

  4b 24.4 -0.03, t=-0.01, 

df=31, P=0.99 

-3.73, t=-2.90, 

df=31, P<0.01* 

 -0.16, t=-0.07, 

df=31, P=0.94 

  5a 14.7 -0.34, t=-0.07, 

df=38, P=0.94 

-2.51, t=-2.05, 

df=38, P=0.05 

1.28, t=1.18, 

df=38, P=0.25 

-0.92, t=-0.52, 

df=38, P=0.61 

  5b 52.2 -2.42, t=-0.53, 

df=30, P=0.60 

-5.10, t=-4.69, 

df=30, P<0.001** 

4.81, t=4.18, 

df=30, P<0.001** 

-0.54, t=-0.27, 

df=30, P=0.79 

forage guild 

5 richness 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

 dry 1a 6.9 -1.79, t=-1.76, 

df=42, P=0.09 

   

  1b <0.01 0.02, t=0.01, 

df=33, P=0.99 

   

  2a 7.6 -1.82, t=-1.78, 

df=41, P=0.08 

0.11, t=0.58, 

df=41, P=0.57 

  

  2b 0.5 0.01, t=0.01, 

df=32, P=0.99 

0.10, t=0.41, 

df=32, P=0.68 

  

  3a 13.9 -0.98, t=-0.88, 

df=40, P=0.38 

0.18, t=0.89, 

df=40, P=0.38 

-0.27, t=-1.71, 

df=40, P=0.10 

 

  3b 3.5 -0.05, t=-0.03, 

df=31, P=0.98 

0.15, t=0.63, 

df=31, P=0.53 

-0.22, t=-0.99, 

df=31, P=0.33 

 

  4a 25.7 -0.46, t=-0.45, 

df=40, P=0.66 

0.07, t=0.40, 

df=40, P=0.69 

 0.51, t=3.12, 

df=40, P<0.01* 

  4b 10.4 -0.12, t=-0.08, 

df=31, P=0.94 

0.08, t=0.36, 

df=31, P=0.72 

 0.44, t=1.84, 

df=31, P=0.08 

  5a 27.7 -0.10, t=-0.09, 

df=39, P=0.93 

0.11, t=0.61, 

df=39, P=0.55 

-0.16, t=-1.04, 

df=39, P=0.30 

0.46, t=2.73, 

df=39, P<0.01* 

  5b 13.1 -0.17, t=-0.12, 

df=30, P=0.91 

0.14, t=0.58, 

df=30, P=0.57 

-0.21, t=-0.97, 

df=30, P=0.34 

0.43, t=1.82, 

df=30, P=0.08 

 wet 1a 2.1 -0.51, t=-0.95, 

df=41, P=0.35 

   

  1b 1.7 0.39, t=0.75, 

df=33, P=0.46 

   

  2a 11.8 -0.40, t=-0.78, 

df=40, P=0.44 

-0.27, t=-2.09, 

df=40, P=0.04 

  

  2b 22.2 0.50, t=1.06, 

df=32, P=0.30 

-0.34, t=-2.91, 

df=32, P<0.01* 

  

  3a 34.9 0.26, t=0.53, 

df=39, P=0.60 

-0.21, t=-1.89, 

df=39, P=0.07 

-0.36, t=-3.72, 

df=39, P<0.001* 

 

  3b 23.0 0.55, t=1.13, 

df=31, P=0.27 

-0.32, t=-2.52, 

df=31, P=0.02 

-0.08, t=-0.56, 

df=31, P=0.58 

 

  4a 18.8 -0.49, t=-0.97, 

df=39, P=0.34 

-0.31, t=-2.48, 

df=39, P=0.02 

 0.33, t=1.84, 

df=39, P=0.07 

  4b 23.8 0.73, t=1.31, 

df=31, P=0.20 

-0.31, t=-2.40, 

df=31, P=0.02 

 -0.19, t=-0.80, 

df=31, P=0.43 

  5a 36.5 0.16, t=0.32, 

df=38, P=0.75 

-0.24, t=-2.08, 

df=38, P=0.04 

-0.33, t=-3.25, 

df=38, P<0.01* 

0.17, t=0.98, 

df=38, P=0.33 

  5b 24.5 0.76, t=1.35, 

df=30, P=0.19 

-0.28, t=-2.10, 

df=30, P=0.04 

-0.08, t=-0.53, 

df=30, P=0.60 

-0.19, t=-0.76, 

df=30, P=0.46 

forage guild 

5 abundance 

      

 dry 1a 4.5 -5.65, t=-1.41, 

df=42, P=0.17 

   

  1b 0.01 0.32, t=0.05, 

df=33, P=0.96 

   

  2a 4.7 -5.58, t=-1.38, 

df=41, P=0.18 

-0.23, t=-0.30, 

df=41, P=0.77 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  2b 0.7 0.35, t=0.06, 

df=32, P=0.95 

-0.44, t=-0.47, 

df=32, P=0.64 

  

  3a 9.9 -2.62, t=-0.59, 

df=40, P=0.56 

-0.02, t=-0.02, 

df=40, P=0.98 

-0.96, t=-1.52, 

df=40, P=0.14 

 

  3b 3.2 0.12, t=0.02, 

df=31, P=0.98 

-0.24, t=-0.24, 

df=31, P=0.81 

-0.82, t=-0.90, 

df=31, P=0.38 

 

  4a 15.3 -1.53, t=-0.36, 

df=40, P=0.72 

-0.36, t=-0.48, 

df=40, P=0.63 

 1.51, t=2.24, 

df=40, P=0.03 

  4b 4.8 0.03, t=0.004, 

df=31, P=1.00 

-0.48, t=-0.51, 

df=31, P=0.61 

 1.13, t=1.16, 

df=31, P=0.25 

  5a 17.5 -0.07, t=-0.02, 

df=39, P=0.98 

-0.20, t=-0.26, 

df=39, P=0.80 

-0.64, t=-1.00, 

df=39, P=0.32 

1.32, t=1.89, 

df=39, P=0.07 

  5b 7.2 -0.19, t=-0.03, 

df=30, P=0.98 

-0.28, t=-0.29, 

df=30, P=0.77 

-0.79, t=-0.88, 

df=30, P=0.39 

1.11, t=1.13, 

df=30, P=0.27 

 wet 1a 1.0 -1.00, t=-0.65, 

df=41, P=0.52 

   

  1b 0.8 0.87, t=0.51, 

df=33, P=0.61 

   

  2a 30.4 -0.49, t=-0.57, 

df=40, P=0.57 

-1.33, t=-4.11, 

df=40, P<0.001* 

  

  2b 47.3 1.39, t=1.11, 

df=32, P=0.28 

-1.66, t=-5.31, 

df=32, P<0.001** 

  

  3a 50.0 1.25, t=1.03, 

df=39, P=0.31 

-1.19, t=-4.23, 

df=39, P<0.001** 

-0.96, t=-3.91, 

df=39, P<0.001** 

 

  3b 49.3 1.63, t=1.28, 

df=31, P=0.21 

-1.54, t=-4.64, 

df=31, P<0.001** 

-0.41, t=-1.11, 

df=31, P=0.28 

 

  4a 35.1 -0.69, t=-0.54, 

df=39, P=0.59 

-1.44, t=-4.45, 

df=39, P<0.001** 

 0.77, t=1.68, 

df=39, P=0.10 

  4b 47.3 1.40, t=0.94, 

df=31, P=0.35 

-1.66, t=-4.86, 

df=31, P<0.001** 

 -0.01, t=-0.01, 

df=31, P=0.99 

  5a 50.8 1.05, t=0.85, 

df=38, P=0.40 

-1.24, t=-4.27, 

df=38, P<0.001** 

-0.90, t=-3.48, 

df=38, P<0.01* 

0.33, t=0.77, 

df=38, P=0.45 

  5b 49.3 1.60, t=1.07, 

df=30, P=0.29 

-1.54, t=-4.32, 

df=30, P<0.001** 

-0.41, t=-1.09, 

df=30, P=0.28 

0.03, t=0.04, 

df=30, P=0.97 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because, unless otherwise specified, all interactions were found to 

be non-significant. 

a For dry season species richness of forage guild 1 (including paddock sites), the GAMBA*FIRE 

interaction was significant (9.64, t=2.78, df=28, P<0.01). 
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Table XI. Generalised Linear Modelling results of bird species abundance versus 

gamba grass cover, survey year, grazing and fire disturbance. Models were constructed 

as described for Tables VIII and X. Where results are presented for one season only, 

there were less than eight records for the species and therefore abundance was not 

analysed. Results shown
$
 are coefficients, t values and associated probabilities for 

each predictor variable (statistically significant results are indicated by * for P<0.01 or 

** for P<0.001); and % deviance explained by each model. GAMBA was arcsine-

transformed and individual species abundance variables were log-10 transformed. All 

models used a Gaussian error distribution with identity link. 

Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

bar-shouldered dove      

 dry 1a 0.1 -0.04, t=-0.18, 

df=42, P=0.86 

   

  1b 4.8 0.47, t=1.28, 

df=33, P=0.21 

   

  2a 0.1 -0.05, t=-0.19, 

df=41, P=0.85 

0.01, t=0.16, 

df=41, P=0.87 

  

  2b 4.8 0.47, t=1.26, 

df=32, P=0.22 

0.005, t=0.09, 

df=32, P=0.93 

  

  3a 4.7 0.12, t=0.44, 

df=40, P=0.66 

0.02, t=0.42, 

df=40, P=0.68 

-0.06, t=-1.39, 

df=40, P=0.17 

 

  3b 5.2 0.47, t=1.23, 

df=31, P=0.23 

0.01, t=0.17, 

df=31, P=0.87 

-0.02, t=-0.38, 

df=31, P=0.71 

 

  4a 0.5 -0.09, t=-0.32, 

df=40, P=0.75 

0.01, t=0.19, 

df=40, P=0.85 

 -0.02, t=-0.35, 

df=40, P=0.73 

  4b 17.9 0.51, t=1.44, 

df=31, P=0.16 

0.01, t=0.17, 

df=31, P=0.87 

 -0.13, t=-2.23, 

df=31, P=0.03 

  5a 6.1 0.06, t=0.19, 

df=39, P=0.85 

0.03, t=0.51, 

df=39, P=0.61 

-0.06, t=-1.54, 

df=39, P=0.13 

-0.03, t=-0.76, 

df=39, P=0.45 

  5b 18.5 0.50, t=1.40, 

df=30, P=0.17 

0.02, t=0.27, 

df=30, P=0.79 

-0.02, t=-0.46, 

df=30, P=0.65 

-0.13, t=-2.21, 

df=30, P=0.03 

 wet 1a 0.1 -0.05, t=-0.25, 

df=41, P=0.80 

   

  1b 1.9 0.19, t=0.80, 

df=33, P=0.43 

   

  2a 20.7 0.01, t=0.04, 

df=40, P=0.97 

-0.15, t=-3.22, 

df=40, P<0.01* 

  

  2b 32.6 0.25, t=1.24, 

df=32, P=0.22 

-0.19, t=-3.82, 

df=32, P<0.001** 

  

  3a 34.0 0.20, t=1.07, 

df=39, P=0.29 

-0.13, t=-3.08, 

df=39, P<0.01* 

-0.11, t=-2.81, 

df=39, P<0.01 

 

  3b 33.1 0.26, t=1.29, 

df=31, P=0.21 

-0.18, t=-3.40, 

df=31, P<0.01* 

-0.03, t=-0.45, 

df=31, P=0.66 

 

  4a 23.8 -0.02, t=-0.08, 

df=39, P=0.94 

-0.16, t=-3.43, 

df=39, P<0.01* 

 0.08, t=1.26, 

df=39, P=0.22 

  4b 33.0 0.29, t=1.26, 

df=31, P=0.22 

-0.18, t=-3.36, 

df=31, P<0.01* 

 -0.04, t=-0.39, 

df=31, P=0.70 

  5a 34.5 0.18, t=0.93, 

df=38, P=0.36 

-0.14, t=-3.09, 

df=38, P<0.01* 

-0.10, t=-2.50, 

df=38, P=0.02 

0.04, t=0.53, 

df=38, P=0.60 



Appendix II 

470 

Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5b 33.4 0.31, t=1.28, 

df=30, P=0.21 

-0.17, t=-3.04, 

df=30, P<0.01* 

-0.03, t=-0.42, 

df=30, P=0.68 

-0.04, t=-0.37, 

df=30, P=0.71 

black-faced cuckoo-

shrike 

     

 dry
a
 1a 9.1 -0.42, t=-2.05, 

df=42, P=0.05 

   

  1b 5.5 -0.45, t=-1.38, 

df=33, P=0.18 

   

  2a 9.2 -0.42, t=-2.03, 

df=41, P=0.05 

0.01, t=0.19, 

df=41, P=0.85 

  

  2b 5.5 -0.45, t=-1.36, 

df=32, P=0.18 

0.002, t=0.04, 

df=32, P=0.97 

  

  3a 9.5 -0.46, t=-1.98, 

df=40, P=0.05 

0.005, t=0.11, 

df=40, P=0.91 

0.01, t=0.40, 

df=40, P=0.69 

 

  3b 5.8 -0.44, t=-1.33, 

df=31, P=0.19 

-0.002, t=-0.04, 

df=31, P=0.97 

0.02, t=0.32, 

df=31, P=0.75 

 

  4a 15.7 -0.26, t=-1.14, 

df=40, P=0.26 

0.002, t=0.06, 

df=40, P=0.95 

 0.06, t=1.77, 

df=40, P=0.08 

  4b 14.8 -0.48, t=-1.49, 

df=31, P=0.15 

-0.001, t=-0.02, 

df=31, P=0.98 

 0.09, t=1.84, 

df=31, P=0.08 

  5a 17.5 -0.33, t=-1.37, 

df=39, P=0.18 

-0.01, t=-0.13, 

df=39, P=0.90 

0.03, t=0.92, 

df=39, P=0.36 

0.07, t=1.94, 

df=39, P=0.06 

  5b 15.2 -0.47, t=-1.45, 

df=30, P=0.16 

-0.01, t=-0.11, 

df=30, P=0.91 

0.02, t=0.38, 

df=30, P=0.71 

0.09, t=1.82, 

df=30, P=0.08 

blue-faced 

honeyeater 

     

 dry 1a 17.5 -0.86, t=-2.98, 

df=42, P<0.01* 

   

  1b 2.0 -0.35, t=-0.83, 

df=33, P=0.41 

   

  2a 22.4 -0.89, t=-3.12, 

df=41, P<0.01* 

0.09, t=1.61, 

df=41, P=0.12 

  

  2b 7.8 -0.36, t=-0.86, 

df=32, P=0.40 

0.09, t=1.41, 

df=32, P=0.17 

  

  3a 22.5 -0.93, t=-2.89, 

df=40, P<0.01* 

0.09, t=1.52, 

df=40, P=0.14 

0.01, t=0.27, 

df=40, P=0.79 

 

  3b 13.0 -0.33, t=-0.81, 

df=31, P=0.42 

0.07, t=1.07, 

df=31, P=0.29 

0.08, t=1.36, 

df=31, P=0.18 

 

  4a 28.8 -0.64, t=-2.11, 

df=40, P=0.04 

0.08, t=1.51, 

df=40, P=0.14 

 0.09, t=1.90, 

df=40, P=0.06 

  4b 8.3 -0.37, t=-0.86, 

df=31, P=0.40 

0.09, t=1.38, 

df=31, P=0.18 

 0.03, t=0.40, 

df=31, P=0.69 

  5a 30.0 -0.73, t=-2.25, 

df=39, P=0.03 

0.07, t=1.30, 

df=39, P=0.20 

0.04, t=0.81, 

df=39, P=0.42 

0.10, t=2.04, 

df=39, P=0.05 

  5b 13.5 -0.34, t=-0.82, 

df=30, P=0.42 

0.07, t=1.04, 

df=30, P=0.31 

0.08, t=1.35, 

df=30, P=0.19 

0.03, t=0.44, 

df=30, P=0.66 

 wet 1a 0.2 -0.05, t=-0.28, 

df=41, P=0.78 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  1b 1.0 0.13, t=0.58, 

df=33, P=0.57 

   

  2a 25.8 0.01, t=0.03, 

df=40, P=0.98 

-0.16, t=-3.71, 

df=40, P<0.001** 

  

  2b 37.2 0.19, t=1.05, 

df=32, P=0.30 

-0.19, t=-4.29, 

df=32, P<0.001** 

  

  3a 32.3 0.13, t=0.77, 

df=39, P=0.45 

-0.14, t=-3.55, 

df=39, P<0.01* 

-0.07, t=-2.00, 

df=39, P=0.05 

 

  3b 37.4 0.18, t=0.97, 

df=31, P=0.34 

-0.20, t=-4.08, 

df=31, P<0.001** 

0.02, t=0.29, 

df=31, P=0.77 

 

  4a 29.3 -0.02, t=-0.10, 

df=39, P=0.92 

-0.17, t=-3.96, 

df=39, P<0.001** 

 0.08, t=1.40, 

df=39, P=0.17 

  4b 37.3 0.16, t=0.75, 

df=31, P=0.46 

-0.20, t=-4.04, 

df=31, P<0.001** 

 0.03, t=0.27, 

df=31, P=0.79 

  5a 34.0 0.10, t=0.57, 

df=38, P=0.57 

-0.15, t=-3.65, 

df=38, P<0.001** 

-0.06, t=-1.64, 

df=38, P=0.11 

0.05, t=0.87, 

df=38, P=0.39 

  5b 37.5 0.15, t=0.70, 

df=30, P=0.49 

-0.20, t=-3.87, 

df=30, P<0.001** 

0.02, t=0.27, 

df=30, P=0.79 

0.02, t=0.25, 

df=30, P=0.80 

blue-winged 

kookaburra 

     

 dry 1a 23.2 -0.79, t=-3.57, 

df=42, P<0.001** 

   

  1b 8.9 -0.61, t=-1.80, 

df=33, P=0.08 

   

  2a 23.3 -0.79, t=-3.53, 

df=41, P<0.01* 

0.01, t=0.13, 

df=41, P=0.90 

  

  2b 9.0 -0.61, t=-1.77, 

df=32, P=0.09 

-0.01, t=-0.17, 

df=32, P=0.87 

  

  3a 30.4 -0.58, t=-2.39, 

df=40, P=0.02 

0.02, t=0.50, 

df=40, P=0.62 

-0.07, t=-2.03, 

df=40, P=0.05 

 

  3b 19.8 -0.64, t=-1.94, 

df=31, P=0.06 

0.02, t=0.30, 

df=31, P=0.77 

-0.10, t=-2.04, 

df=31, P=0.05 

 

  4a 28.6 -0.62, t=-2.54, 

df=40, P=0.02 

0.0002, t=0.01, 

df=40, P=0.99 

 0.07, t=1.73, 

df=40, P=0.09 

  4b 11.0 -0.62, t=-1.80, 

df=31, P=0.08 

-0.01, t=-0.19, 

df=31, P=0.85 

 0.05, t=0.83, 

df=31, P=0.41 

  5a 33.2 -0.48, t=-1.92, 

df=39, P=0.06 

0.01, t=0.34, 

df=39, P=0.74 

-0.06, t=-1.63, 

df=39, P=0.11 

0.05, t=1.26, 

df=39, P=0.22 

  5b 21.5 -0.65, t=-1.96, 

df=30, P=0.06 

0.01, t=0.27, 

df=30, P=0.79 

-0.10, t=-2.00, 

df=30, P=0.05 

0.04, t=0.81, 

df=30, P=0.42 

 wet 1a 4.8 -0.25, t=-1.43, 

df=41, P=0.16 

   

  1b 1.7 -0.16, t=-0.75, 

df=33, P=0.46 

   

  2a 20.6 -0.20, t=-1.27, 

df=40, P=0.21 

-0.11, t=-2.82, 

df=40, P<0.01* 

  

  2b 23.5 -0.11, t=-0.60, 

df=32, P=0.55 

-0.14, t=-3.02, 

df=32, P<0.01* 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  3a 20.6 -0.20, t=-1.15, 

df=39, P=0.26 

-0.11, t=-2.76, 

df=39, P<0.01* 

-0.001, t=-0.04, 

df=39, P=0.97 

 

  3b 31.3 -0.17, t=-0.94, 

df=31, P=0.35 

-0.17, t=-3.59, 

df=31, P<0.01* 

0.10, t=1.87, 

df=31, P=0.07 

 

  4a 20.8 -0.21, t=-1.28, 

df=39, P=0.21 

-0.11, t=-2.80, 

df=39, P<0.01* 

 0.02, t=0.31, 

df=39, P=0.76 

  4b 23.7 -0.08, t=-0.36, 

df=31, P=0.72 

-0.14, t=-2.66, 

df=31, P=0.01 

 -0.03, t=-0.29, 

df=31, P=0.77 

  5a 20.8 -0.21, t=-0.18, 

df=38, P=0.86 

-0.12, t=-2.72, 

df=38, P<0.01* 

0.002, t=0.06, 

df=38, P=0.95 

0.02, t=0.31, 

df=38, P=0.76 

  5b 31.6 -0.13, t=-0.60, 

df=30, P=0.55 

-0.16, t=-3.20, 

df=30, P<0.01* 

0.10, t=1.86, 

df=30, P=0.07 

-0.04, t=-0.39, 

df=30, P=0.70 

brown honeyeater      

 dry 1a 0.4 0.15, t=0.43, 

df=42, P=0.67 

   

  1b 10.1 0.98, t=1.93, 

df=33, P=0.06 

   

  2a 1.7 0.14, t=0.39, 

df=41, P=0.70 

0.05, t=0.73, 

df=41, P=0.47 

  

  2b 11.6 0.98, t=1.90, 

df=32, P=0.07 

0.06, t=0.74, 

df=32, P=0.46 

  

  3a 3.7 0.29, t=0.74, 

df=40, P=0.46 

0.06, t=0.88, 

df=40, P=0.38 

-0.05, t=-0.91, 

df=40, P=0.37 

 

  3b 12.0 0.99, t=1.89, 

df=31, P=0.07 

0.05, t=0.62, 

df=31, P=0.54 

0.03, t=0.39, 

df=31, P=0.70 

 

  4a 3.0 0.02, t=0.04, 

df=40, P=0.97 

0.05, t=0.78, 

df=40, P=0.44 

 -0.04, t=-0.72, 

df=40, P=0.48 

  4b 32.1 1.04, t=2.28, 

df=31, P=0.03 

0.07, t=0.93, 

df=31, P=0.36 

 -0.22, t=-3.06, 

df=31, P<0.01* 

  5a 6.1 0.17, t=0.41, 

df=39, P=0.68 

0.07, t=1.00, 

df=39, P=0.32 

-0.07, t=-1.14, 

df=39, P=0.26 

-0.06, t=-1.01, 

df=39, P=0.32 

  5b 32.4 1.05, t=2.26, 

df=30, P=0.03 

0.06, t=0.81, 

df=30, P=0.42 

0.02, t=0.35, 

df=30, P=0.73 

-0.22, t=-3.01, 

df=30, P<0.01* 

brush cuckoo      

 dry 1a 4.7 -0.22, t=-1.44, 

df=42, P=0.16 

   

  1b 0.5 -0.10, t=-0.42, 

df=33, P=0.68 

   

  2a 4.8 -0.22, t=-1.40, 

df=41, P=0.17 

-0.01, t=-0.24, 

df=41, P=0.81 

  

  2b 1.0 -0.10, t=-0.41, 

df=32, P=0.68 

-0.01, t=-0.37, 

df=32, P=0.71 

  

  3a 4.9 -0.21, t=-1.17, 

df=40, P=0.25 

-0.01, t=-0.20, 

df=40, P=0.84 

-0.004, t=-0.17, 

df=40, P=0.87 

 

  3b 1.1 -0.10, t=-0.39, 

df=31, P=0.70 

-0.02, t=-0.41, 

df=31, P=0.68 

0.01, t=0.23, 

df=31, P=0.82 

 

  4a 7.1 -0.15, t=-0.85, 

df=40, P=0.40 

-0.01, t=-0.31, 

df=40, P=0.76 

 0.03, t=1.00, 

df=40, P=0.32 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  4b 1.3 -0.10, t=-0.42, 

df=31, P=0.68 

-0.01, t=-0.38, 

df=31, P=0.71 

 0.01, t=0.34, 

df=31, P=0.74 

  5a 7.2 -0.15, t=-0.82, 

df=39, P=0.42 

-0.01, t=-0.32, 

df=39, P=0.75 

0.003, t=0.10, 

df=39, P=0.92 

0.03, t=0.98, 

df=39, P=0.33 

  5b 1.5 -0.10, t=-0.40, 

df=30, P=0.69 

-0.02, t=-0.42, 

df=30, P=0.68 

0.01, t=0.24, 

df=30, P=0.81 

0.01, t=0.34, 

df=30, P=0.74 

 wet
b
 1a 1.1 0.06, t=0.67, 

df=41, P=0.51 

   

  1b 3.6 0.12, t=1.12, 

df=33, P=0.27 

   

  2a 1.7 0.06, t=0.70, 

df=40, P=0.49 

-0.01, t=-0.49, 

df=40, P=0.63 

  

  2b 4.4 0.12, t=0.14, 

df=32, P=0.89 

-0.01, t=-0.50, 

df=32, P=0.62 

  

  3a 1.7 0.07, t=0.69, 

df=39, P=0.49 

-0.01, t=-0.46, 

df=39, P=0.65 

-0.002, t=-0.11, 

df=39, P=0.91 

 

  3b 8.8 0.10, t=0.92, 

df=31, P=0.36 

-0.03, t=-0.89, 

df=31, P=0.38 

0.04, t=1.23, 

df=31, P=0.23 

 

  4a 13.3 0.04, t=0.52, 

df=39, P=0.61 

-0.02, t=-0.96, 

df=39, P=0.34 

 0.07, t=2.29, 

df=39, P=0.03 

  4b 14.7 0.003, t=0.02, 

df=31, P=0.98 

-0.03, t=-1.20, 

df=31, P=0.24 

 0.10, t=1.93, 

df=31, P=0.06 

  5a 14.1 0.02, t=0.23, 

df=38, P=0.82 

-0.02, t=-1.05, 

df=38, P=0.30 

0.01, t=0.59, 

df=38, P=0.56 

0.08, t=2.34, 

df=38, P=0.02 

  5b 18.6 -0.02, t=-0.13, 

df=30, P=0.90 

-0.04, t=-1.51, 

df=30, P=0.14 

0.04, t=1.19, 

df=30, P=0.24 

0.10, t=1.89, 

df=30, P=0.07 

forest kingfisher      

 dry 1a 8.0 -0.44, t=-1.91, 

df=42, P=0.06 

   

  1b 0.9 -0.20, t=-0.55, 

df=33, P=0.59 

   

  2a 9.2 -0.45, t=-1.94, 

df=41, P=0.06 

0.03, t=0.73, 

df=41, P=0.47 

  

  2b 1.9 -0.20, t=-0.55, 

df=32, P=0.59 

0.03, t=0.55, 

df=32, P=0.59 

  

  3a 20.2 -0.20, t=-0.80, 

df=40, P=0.43 

0.05, t=1.18, 

df=40, P=0.24 

-0.08, t=-2.35, 

df=40, P=0.02 

 

  3b 14.8 -0.23, t=-0.67, 

df=31, P=0.51 

0.06, t=1.07, 

df=31, P=0.29 

-0.11, t=-2.17, 

df=31, P=0.04 

 

  4a 10.5 -0.37, t=-1.42, 

df=40, P=0.16 

0.03, t=0.66, 

df=40, P=0.51 

 0.03, t=0.76, 

df=40, P=0.45 

  4b 1.9 -0.20, t=-0.53, 

df=31, P=0.60 

0.03, t=0.55, 

df=31, P=0.59 

 -0.01, t=-0.17, 

df=31, P=0.87 

  5a 20.3 -0.18, t=-0.70, 

df=39, P=0.49 

0.05, t=1.13, 

df=39, P=0.27 

-0.08, t=-2.19, 

df=39, P=0.03 

0.01, t=0.18, 

df=39, P=0.86 

  5b 14.9 -0.23, t=-0.65, 

df=30, P=0.52 

0.06, t=1.06, 

df=30, P=0.30 

-0.11, t=-2.14, 

df=30, P=0.04 

-0.01, t=-0.23, 

df=30, P=0.82 
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Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

 wet 1a 0.04 -0.01, t=-0.12, 

df=41, P=0.91 

   

  1b 0.3 0.04, t=0.32, 

df=33, P=0.75 

   

  2a 2.7 -0.003, t=-0.02, 

df=40, P=0.98 

-0.03, t=-1.04, 

df=40, P=0.30 

  

  2b 3.8 0.05, t=0.41, 

df=32, P=0.68 

-0.03, t=-1.08, 

df=32, P=0.29 

  

  3a 8.3 0.06, t=0.54, 

df=39, P=0.59 

-0.02, t=-0.85, 

df=39, P=0.40 

-0.04, t=-1.54, 

df=39, P=0.13 

 

  3b 5.9 0.07, t=0.54, 

df=31, P=0.59 

-0.03, t=-0.73, 

df=31, P=0.47 

-0.03, t=-0.84, 

df=31, P=0.41 

 

  4a 7.0 -0.02, t=-0.15, 

df=39, P=0.88 

-0.04, t=-1.30, 

df=39, P=0.20 

 0.05, t=1.35, 

df=39, P=0.18 

  4b 7.0 -0.03, t=-0.18, 

df=31, P=0.86 

-0.05, t=-1.38, 

df=31, P=0.18 

 0.07, t=1.03, 

df=31, P=0.31 

  5a 10.4 0.04, t=0.34, 

df=38, P=0.74 

-0.03, t=-1.05, 

df=38, P=0.30 

-0.03, t=-1.19, 

df=38, P=0.24 

0.04, t=0.94, 

df=38, P=0.35 

  5b 9.3 -0.01, t=-0.07, 

df=30, P=0.94 

-0.04, t=-1.05, 

df=30, P=0.30 

-0.03, t=-0.89, 

df=30, P=0.38 

0.07, t=1.06, 

df=30, P=0.30 

golden-headed 

cisiticola 

     

 dry
c
 1a 40.0 1.41, t=5.29, 

df=42, P<0.001** 

   

  1b 50.3 1.67, t=5.78, 

df=33, P<0.001** 

   

  2a 46.8 1.44, t=5.67, 

df=41, P<0.001** 

-0.11, t=-2.28, 

df=41, P=0.03 

  

  2b 51.2 1.67, t=5.75, 

df=32, P<0.001** 

-0.03, t=-0.78, 

df=32, P=0.44 

  

  3a 49.3 1.27, t=4.54, 

df=40, P<0.001** 

-0.12, t=-2.52, 

df=40, P=0.02 

0.06, t=1.41, 

df=40, P=0.17 

 

  3b 59.2 1.70, t=6.29, 

df=31, P<0.001** 

-0.06, t=-1.39, 

df=31, P=0.17 

0.10, t=2.46, 

df=31, P=0.02 

 

  4a 47.8 1.34, t=4.75, 

df=40, P<0.001** 

-0.11, t=-2.20, 

df=40, P=0.03 

 -0.04, t=-0.88, 

df=40, P=0.38 

  4b 60.8 1.70, t=6.43, 

df=31, P<0.001** 

-0.03, t=-0.76, 

df=31, P=0.45 

 -0.12, t=-2.74, 

df=31, P=0.01 

  5a 49.7 1.22, t=4.13, 

df=39, P<0.001** 

-0.12, t=-2.41, 

df=39, P=0.02 

0.05, t=1.21, 

df=39, P=0.23 

-0.02, t=-0.53, 

df=39, P=0.60 

  5b 68.3 1.73, t=7.14, 

df=30, P<0.001** 

-0.05, t=-1.43, 

df=30, P=0.16 

0.09, t=2.67, 

df=30, P=0.01 

-0.11, t=-2.93, 

df=30, P<0.01* 

 wet 1a 6.8 0.43, t=1.73, 

df=41, P=0.09 

   

  1b 0.8 0.11, t=0.51, 

df=33, P=0.61 

   

  2a 7.4 0.44, t=1.76, 

df=40, P=0.09 

-0.03, t=-0.52, 

df=40, P=0.61 
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  2b 4.8 0.12, t=0.60, 

df=32, P=0.55 

-0.06, t=-1.17, 

df=32, P=0.25 

  

  3a 11.1 0.32, t=1.18, 

df=39, P=0.25 

-0.04, t=-0.69, 

df=39, P=0.49 

0.07, t=1.26, 

df=39, P=0.22 

 

  3b 10.7 0.07, t=0.35, 

df=31, P=0.73 

-0.09, t=-1.59, 

df=31, P=0.12 

0.09, t=1.42, 

df=31, P=0.17 

 

  4a 25.3 0.51, t=2.21, 

df=39, P=0.03 

0.003, t=0.05, 

df=39, P=0.96 

 -0.25, t=-3.06, 

df=39, P<0.01* 

  4b 14.2 0.35, t=1.48, 

df=31, P=0.15 

-0.02, t=-0.45, 

df=31, P=0.66 

 -0.19, t=-1.84, 

df=31, P=0.08 

  5a 25.8 0.46, t=1.81, 

df=38, P=0.08 

-0.003, t=-0.04, 

df=38, P=0.97 

0.03, t=0.48, 

df=38, P=0.63 

-0.24, t=-2.74, 

df=38, P<0.01* 

  5b 20.7 0.30, t=1.30, 

df=30, P=0.20 

-0.05, t=-0.91, 

df=30, P=0.37 

0.09, t=1.57, 

df=30, P=0.13 

-0.20, t=-1.95, 

df=30, P=0.06 

grey-crowned 

babbler 

     

 wet 1a 4.2 -0.26, t=-1.34, 

df=41, P=0.19 

   

  1b 1.6 -0.17, t=-0.73, 

df=33, P=0.47 

   

  2a 16.4 -0.21, t=-1.17, 

df=40, P=0.25 

-0.11, t=-2.41, 

df=40, P=0.02 

  

  2b 18.2 -0.13, t=-0.59, 

df=32, P=0.56 

-0.14, t=-2.55, 

df=32, P=0.02 

  

  3a 16.4 -0.23, t=-1.13, 

df=39, P=0.27 

-0.11, t=-2.38, 

df=39, P=0.02 

0.01, t=0.15, 

df=39, P=0.88 

 

  3b 26.1 -0.19, t=-0.92, 

df=31, P=0.36 

-0.17, t=-3.10, 

df=31, P<0.01* 

0.11, t=1.82, 

df=31, P=0.08 

 

  4a 17.4 -0.23, t=-1.23, 

df=39, P=0.23 

-0.12, t=-2.49, 

df=39, P=0.02 

 0.05, t=0.69, 

df=39, P=0.49 

  4b 18.6 -0.18, t=-0.70, 

df=31, P=0.49 

-0.15, t=-2.48, 

df=31, P=0.02 

 0.04, t=0.39, 

df=31, P=0.70 

  5a 17.7 -0.26, t=-1.26, 

df=38, P=0.22 

-0.12, t=-2.49, 

df=38, P=0.02 

0.02, t=0.37, 

df=38, P=0.71 

0.05, t=0.77, 

df=38, P=0.45 

  5b 26.4 -0.24, t=-0.94, 

df=30, P=0.35 

-0.18, t=-2.98, 

df=30, P<0.01* 

0.11, t=1.78, 

df=30, P=0.09 

0.04, t=0.33, 

df=30, P=0.74 

leaden flycatcher      

 dry 1a 8.1 -0.29, t=-1.93, 

df=42, P=0.06 

   

  1b 3.7 -0.26, t=-1.12, 

df=33, P=0.27 

   

  2a 8.2 -0.29, t=-1.91, 

df=41, P=0.06 

0.01, t=0.19, 

df=41, P=0.85 

  

  2b 3.7 -0.26, t=-1.10, 

df=32, P=0.28 

0.001, t=0.04, 

df=32, P=0.97 

  

  3a 9.5 -0.23, t=-1.38, 

df=40, P=0.18 

0.01, t=0.32, 

df=40, P=0.75 

-0.02, t=-0.75, 

df=40, P=0.46 

 

  3b 5.8 -0.27, t=-1.13, 

df=31, P=0.27 

0.01, t=0.23, 

df=31, P=0.82 

-0.03, t=-0.83, 

df=31, P=0.41 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  4a 8.9 -0.25, t=-1.49, 

df=40, P=0.14 

0.004, t=0.15, 

df=40, P=0.88 

 0.01, t=0.55, 

df=40, P=0.59 

  4b 3.8 -0.26, t=-1.10, 

df=31, P=0.28 

0.001, t=0.03, 

df=31, P=0.98 

 0.01, t=0.23, 

df=31, P=0.82 

  5a 9.8 -0.21, t=-1.20, 

df=39, P=0.24 

0.01, t=0.27, 

df=39, P=0.79 

-0.02, t=-0.62, 

df=39, P=0.54 

0.01, t=0.35, 

df=39, P=0.73 

  5b 5.9 -0.27, t=-1.12, 

df=30, P=0.27 

0.01, t=0.22, 

df=30, P=0.83 

-0.03, t=-0.81, 

df=30, P=0.42 

0.01, t=0.21, 

df=30, P=0.84 

lemon-bellied 

flycatcher 

     

 dry 1a 6.7 -0.35, t=-1.74, 

df=42, P=0.09 

   

  1b 1.6 -0.24, t=-0.74, 

df=33, P=0.46 

   

  2a 11.3 -0.34, t=-1.67, 

df=41, P=0.10 

-0.06, t=-1.47, 

df=41, P=0.15 

  

  2b 9.3 -0.23, t=-0.74, 

df=32, P=0.46 

-0.08, t=-1.65, 

df=32, P=0.11 

  

  3a 14.0 -0.23, t=-1.02, 

df=40, P=0.31 

-0.05, t=-1.25, 

df=40, P=0.22 

-0.04, t=-1.12, 

df=40, P=0.27 

 

  3b 12.0 -0.24, t=-0.78, 

df=31, P=0.44 

-0.07, t=-1.38, 

df=31, P=0.18 

-0.04, t=-0.96, 

df=31, P=0.34 

 

  4a 11.5 -0.31, t=-1.38, 

df=40, P=0.18 

-0.06, t=-1.47, 

df=40, P=0.15 

 0.01, t=0.29, 

df=40, P=0.77 

  4b 9.9 -0.22, t=-0.71, 

df=31, P=0.48 

-0.08, t=-1.61, 

df=31, P=0.12 

 -0.02, t=-0.45, 

df=31, P=0.66 

  5a 14.0 -0.23, t=-0.96, 

df=39, P=0.34 

-0.05, t=-1.22, 

df=39, P=0.23 

-0.04, t=-1.07, 

df=39, P=0.29 

-0.003, t=-0.01, 

df=39, P=0.99 

  5b 12.6 -0.24, t=-0.24, 

df=30, P=0.81 

-0.07, t=-1.34, 

df=30, P=0.19 

-0.02, t=-0.96, 

df=30, P=0.34 

-0.02, t=-0.48, 

df=30, P=0.63 

little corella      

 dry 1a 6.9 -0.34, t=-1.76, 

df=42, P=0.09 

   

  1b 3.2 -0.32, t=-1.04, 

df=33, P=0.31 

   

  2a 6.9 -0.34, t=-1.73, 

df=41, P=0.09 

-0.002, t=-0.06, 

df=41, P=0.95 

  

  2b 3.3 -0.32, t=-1.02, 

df=32, P=0.32 

-0.01, t=-0.20, 

df=32, P=0.84 

  

  3a 8.7 -0.42, t=-1.94, 

df=40, P=0.06 

-0.01, t=-0.22, 

df=40, P=0.83 

0.03, t=0.89, 

df=40, P=0.38 

 

  3b 6.6 -0.30, t=-0.98, 

df=31, P=0.33 

-0.02, t=-0.44, 

df=31, P=0.66 

0.05, t=1.05, 

df=31, P=0.30 

 

  4a 8.5 -0.42, t=-1.92, 

df=40, P=0.06 

0.0001, t=0.002, 

df=40, P=1.00 

 -0.03, t=-0.84, 

df=40, P=0.41 

  4b 8.6 -0.30, t=-0.97, 

df=31, P=0.34 

-0.01, t=-0.15, 

df=31, P=0.88 

 -0.07, t=-1.34, 

df=31, P=0.19 

  5a 9.6 -0.47, t=-2.03, 

df=39, P=0.05 

-0.01, t=-0.14, 

df=39, P=0.89 

0.02, t=0.68, 

df=39, P=0.50 

-0.02, t=-0.62, 

df=39, P=0.54 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5b 11.7 -0.28, t=-0.93, 

df=30, P=0.36 

-0.02, t=-0.39, 

df=30, P=0.70 

0.05, t=1.02, 

df=30, P=0.32 

-0.06, t=-1.31, 

df=30, P=0.20 

 wet 1a 6.2 -0.24, t=-1.65, 

df=41, P=0.11 

   

  1b 4.4 -0.22, t=-1.23, 

df=33, P=0.23 

   

  2a 9.5 -0.22, t=-1.54, 

df=40, P=0.13 

-0.04, t=-1.20, 

df=40, P=0.24 

  

  2b 9.2 -0.20, t=-1.13, 

df=32, P=0.27 

-0.06, t=-1.31, 

df=32, P=0.20 

  

  3a 9.5 -0.23, t=-1.47, 

df=39, P=0.15 

-0.04, t=-1.19, 

df=39, P=0.24 

0.005, t=0.15, 

df=39, P=0.88 

 

  3b 11.6 -0.23, t=-1.27, 

df=31, P=0.21 

-0.07, t=-1.54, 

df=31, P=0.13 

0.05, t=0.92, 

df=31, P=0.36 

 

  4a 9.8 -0.23, t=-1.55, 

df=39, P=0.13 

-0.05, t=-1.24, 

df=39, P=0.22 

 0.02, t=0.37, 

df=39, P=0.71 

  4b 9.9 -0.25, t=-1.22, 

df=31, P=0.23 

-0.07, t=-1.38, 

df=31, P=0.18 

 0.05, t=0.49, 

df=31, P=0.63 

  5a 10.0 -0.25, t=-1.51, 

df=38, P=0.14 

-0.05, t=-1.25, 

df=38, P=0.22 

0.01, t=0.27, 

df=38, P=0.79 

0.02, t=0.43, 

df=38, P=0.67 

  5b 12.2 -0.28, t=-1.31, 

df=30, P=0.20 

-0.08, t=-1.58, 

df=30, P=0.12 

0.05, t=0.88, 

df=30, P=0.39 

0.04, t=0.45, 

df=30, P=0.66 

little friarbird      

 dry 1a 8.4 -0.47, t=-1.96, 

df=42, P=0.06 

   

  1b 1.3 -0.24, t=-0.65, 

df=33, P=0.52 

   

  2a 10.5 -0.49, t=-2.01, 

df=41, P=0.05 

0.05, t=0.98, 

df=41, P=0.33 

  

  2b 3.2 -0.25, t=-0.65, 

df=32, P=0.52 

0.05, t=0.81, 

df=32, P=0.42 

  

  3a 18.0 -0.71, t=-2.70, 

df=40, P=0.01 

0.03, t=0.65, 

df=40, P=0.52 

0.07, t=1.91, 

df=40, P=0.06 

 

  3b 24.6 -0.20, t=-0.60, 

df=31, P=0.55 

0.01, t=0.19, 

df=31, P=0.85 

0.15, t=2.97, 

df=31, P<0.01* 

 

  4a 11.8 -0.58, t=-2.14, 

df=40, P=0.04 

0.05, t=1.03, 

df=40, P=0.31 

 -0.03, t=-0.77, 

df=40, P=0.45 

  4b 13.9 -0.21, t=-0.59, 

df=31, P=0.56 

0.05, t=0.91, 

df=31, P=0.37 

 -0.11, t=-1.96, 

df=31, P=0.06 

  5a 18.1 -0.73, t=-2.64, 

df=39, P=0.01 

0.03, t=0.67, 

df=39, P=0.51 

0.07, t=1.74, 

df=39, P=0.09 

-0.01, t=-0.29, 

df=39, P=0.77 

  5b 34.6 -0.17, t=-0.54, 

df=30, P=0.59 

0.01, t=0.28, 

df=30, P=0.78 

0.14, t=3.08, 

df=30, P<0.01* 

-0.11, t=-2.13, 

df=30, P=0.04 

 wet 1a 2.0 0.06, t=0.91, 

df=41, P=0.37 

   

  1b 5.7 0.12, t=1.42, 

df=33, P=0.16 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  2a 6.8 0.07, t=1.05, 

df=40, P=0.30 

-0.03, t=-1.44, 

df=40, P=0.16 

  

  2b 11.9 0.13, t=1.56, 

df=32, P=0.13 

-0.03, t=-1.50, 

df=32, P=0.14 

  

  3a 9.7 0.10, t=1.40, 

df=39, P=0.17 

-0.02, t=-1.29, 

df=39, P=0.20 

-0.02, t=-1.13, 

df=39, P=0.27 

 

  3b 12.1 0.13, t=1.47, 

df=31, P=0.15 

-0.03, t=-1.47, 

df=31, p=0.15 

0.01, t=0.22, 

df=31, P=0.83 

 

  4a 7.1 0.07, t=1.00, 

df=39, P=0.32 

-0.03, t=-1.47, 

df=39, P=0.15 

 0.01, t=0.36, 

df=39, P=0.72 

  4b 14.3 0.17, t=1.81, 

df=31, P=0.08 

-0.02, t=-1.05, 

df=31, P=0.30 

 -0.04, t=-0.93, 

df=31, P=0.36 

  5a 9.7 0.10, t=1.34, 

df=38, P=0.19 

-0.02, t=-1.24, 

df=38, P=0.22 

-0.02, t=-1.05, 

df=38, P=0.30 

0.001, t=0.03, 

df=38, P=0.98 

  5b 14.5 0.17, t=1.73, 

df=30, P=0.09 

-0.03, t=-1.07, 

df=30, P=0.29 

0.01, t=0.26, 

df=30, P=0.80 

-0.04, t=-0.92, 

df=30, P=0.36 

mistletoebird      

 dry 1a 14.5 -0.65, t=-2.67, 

df=42, P=0.01 

   

  1b 3.8 -0.43, t=-1.14, 

df=33, P=0.26 

   

  2a 14.5 -0.66, t=-2.64, 

df=41, P=0.01 

0.004, t=0.08, 

df=41, P=0.94 

  

  2b 3.8 -0.43, t=-1.12, 

df=32, P=0.27 

-0.01, t=-0.15, 

df=32, P=0.88 

  

  3a 24.2 -0.39, t=-1.49, 

df=40, P=0.14 

0.02, t=0.49, 

df=40, P=0.63 

-0.09, t=-2.26, 

df=40, P=0.03 

 

  3b 16.7 -0.46, t=-1.27, 

df=31, P=0.21 

0.02, t=0.35, 

df=31, P=0.73 

-0.12, t=-2.19, 

df=31, P=0.04 

 

  4a 19.2 -0.48, t=-1.78, 

df=40, P=0.08 

-0.002, t=-0.03, 

df=40, P=0.98 

 0.07, t=1.53, 

df=40, P=0.13 

  4b 5.2 -0.44, t=-1.14, 

df=31, P=0.26 

-0.01, t=-0.17, 

df=31, P=0.87 

 0.04, t=0.66, 

df=31, P=0.51 

  5a 26.1 -0.31, t=-1.12, 

df=39, P=0.27 

0.02, t=0.36, 

df=39, P=0.72 

-0.07, t=-1.91, 

df=39, P=0.06 

0.04, t=1.01, 

df=39, P=0.32 

  5b 17.8 -0.47, t=-1.29, 

df=30, P=0.21 

0.02, t=0.33, 

df=30, P=0.74 

-0.12, t=-2.15, 

df=30, P=0.04 

0.04, t=0.64, 

df=30, P=0.53 

 wet 1a 2.1 -0.15, t=-0.93, 

df=41, P=0.36 

   

  1b 0.1 0.04, t=0.21, 

df=33, P=0.83 

   

  2a 11.6 -0.12, t=-0.76, 

df=40, P=0.45 

-0.08, t=-2.07, 

df=40, P=0.04 

  

  2b 15.7 0.07, t=0.42, 

df=32, P=0.68 

-0.10, t=-2.43, 

df=32, P=0.02 

  

  3a 15.6 -0.04, t=-0.22, 

df=39, P=0.83 

-0.08, t=-1.90, 

df=39, P=0.06 

-0.05, t=-1.36, 

df=39, P=0.18 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  3b 19.4 0.04, t=0.21, 

df=31, P=0.84 

-0.12, t=-2.71, 

df=31, P=0.01 

0.06, t=1.20, 

df=31, P=0.24 

 

  4a 16.2 -0.14, t=-0.91, 

df=39, P=0.37 

-0.09, t=-2.35, 

df=39, P=0.02 

 0.08, t=1.46, 

df=39, P=0.15 

  4b 15.7 0.08, t=0.38, 

df=31, P=0.71 

-0.10, t=-2.20, 

df=31, P=0.04 

 -0.01, t=-0.06, 

df=31, P=0.95 

  5a 18.2 -0.08, t=-0.44, 

df=38, P=0.66 

-0.09, t=-2.12, 

df=38, P=0.04 

-0.04, t=-0.97, 

df=38, P=0.34 

0.07, t=1.01, 

df=38, P=0.32 

  5b 19.4 0.05, t=0.23, 

df=30, P=0.82 

-0.12, t=-2.47, 

df=30, P=0.02 

0.06, t=1.18, 

df=30, P=0.25 

-0.01, t=-0.11, 

df=30, P=0.91 

peaceful dove      

 dry 1a 0.9 -0.21, t=-0.63, 

df=42, P=0.53 

   

  1b 6.6 0.71, t=1.53, 

df=33, P=0.14 

   

  2a 3.7 -0.19, t=-0.57, 

df=41, P=0.57 

-0.07, t=-1.10, 

df=41, P=0.28 

  

  2b 12.1 0.71, t=1.56, 

df=32, P=0.13 

-0.10, t=-1.41, 

df=32, P=0.17 

  

  3a 5.1 -0.06, t=-0.17, 

df=40, P=0.87 

-0.06, t=-0.94, 

df=40, P=0.35 

-0.04, t=-0.76, 

df=40, P=0.45 

 

  3b 14.3 0.73, t=1.60, 

df=31, P=0.12 

-0.11, t=-1.57, 

df=31, P=0.13 

0.06, t=0.90, 

df=31, P=0.38 

 

  4a 5.7 -0.05, t=-0.13, 

df=40, P=0.90 

-0.07, t=-1.16, 

df=40, P=0.25 

 0.05, t=0.91, 

df=40, P=0.37 

  4b 17.3 0.74, t=1.65, 

df=31, P=0.11 

-0.10, t=-1.38, 

df=31, P=0.18 

 -0.10, t=-1.40, 

df=31, P=0.17 

  5a 6.4 0.02, t=0.05, 

df=39, P=0.96 

-0.07, t=-1.01, 

df=39, P=0.32 

-0.03, t=-0.53, 

df=39, P=0.60 

0.04, t=0.72, 

df=39, P=0.48 

  5b 19.3 0.76, t=1.68, 

df=30, P=0.10 

-0.11, t=-1.54, 

df=30, P=0.13 

0.06, t=0.87, 

df=30, P=0.39 

-0.10, t=-1.37, 

df=30, P=0.18 

 wet 1a 0.1 -0.05, t=-0.23, 

df=41, P=0.82 

   

  1b 2.7 0.25, t=0.96, 

df=33, P=0.34 

   

  2a 8.4 -0.01, t=-0.05, 

df=40, P=0.96 

-0.11, t=-1.90, 

df=40, P=0.06 

  

  2b 16.1 0.29, t=1.19, 

df=32, P=0.24 

-0.14, t=-2.25, 

df=32, P=0.03 

  

  3a 13.1 0.12, t=0.49, 

df=39, P=0.63 

-0.10, t=-1.72, 

df=39, P=0.09 

-0.07, t=-1.45, 

df=39, P=0.16 

 

  3b 19.9 0.24, t=0.97, 

df=31, P=0.34 

-0.16, t=-2.55, 

df=31, P=0.02 

0.09, t=1.23, 

df=31, P=0.23 

 

  4a 18.8 -0.06, t=-0.27, 

df=39, P=0.79 

-0.13, t=-2.40, 

df=39, P=0.02 

 0.18, t=2.24, 

df=39, P=0.03 

  4b 17.6 0.18, t=0.63, 

df=31, P=0.53 

-0.16, t=-2.36, 

df=31, P=0.02 

 0.10, t=0.76, 

df=31, P=0.45 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5a 20.4 0.03, t=0.11, 

df=38, P=0.91 

-0.12, t=-2.18, 

df=38, P=0.04 

-0.04, t=-0.87, 

df=38, P=0.39 

0.15, t=1.87, 

df=38, P=0.07 

  5b 21.3 0.14, t=0.48, 

df=30, P=0.63 

-0.18, t=-2.62, 

df=30, P=0.01 

0.09, t=1.18, 

df=30, P=0.25 

0.09, t=0.71, 

df=30, P=0.48 

pied butcherbird      

 dry
d
 1a 6.6 -0.40, t=-1.72, 

df=42, P=0.09 

   

  1b 1.5 -0.26, t=-0.71, 

df=33, P=0.48 

   

  2a 7.1 -0.41, t=-1.73, 

df=41, P=0.09 

0.02, t=0.50, 

df=41, P=0.62 

  

  2b 1.9 -0.26, t=-0.70, 

df=32, P=0.49 

0.02, t=0.35, 

df=32, P=0.73 

  

  3a 7.5 -0.36, t=-1.38, 

df=40, P=0.18 

0.03, t=0.56, 

df=40, P=0.58 

-0.01, t=-0.37, 

df=40, P=0.71 

 

  3b 1.9 -0.26, t=-0.70, 

df=31, P=0.49 

0.02, t=0.37, 

df=31, P=0.71 

-0.01, t=-0.13, 

df=31, P=0.90 

 

  4a 8.9 -0.31, t=-1.19, 

df=40, P=0.24 

0.02, t=0.43, 

df=40, P=0.67 

 0.04, t=0.87, 

df=40, P=0.39 

  4b 2.2 -0.26, t=-0.71, 

df=31, P=0.48 

0.02, t=0.34, 

df=31, P=0.74 

 0.02, t=0.31, 

df=31, P=0.76 

  5a 8.9 -0.30, t=-1.07, 

df=39, P=0.29 

0.02, t=0.45, 

df=39, P=0.66 

-0.01, t=-0.14, 

df=39, P=0.89 

0.03, t=0.79, 

df=39, P=0.43 

  5b 2.2 -0.27, t=-0.70, 

df=30, P=0.49 

0.02, t=0.35, 

df=30, P=0.73 

-0.01, t=-0.12, 

df=30, P=0.91 

0.02, t=0.30, 

df=30, P=0.77 

 wet 1a 2.9 -0.15, t=-1.11, 

df=41, P=0.27 

   

  1b 0.9 -0.09, t=-0.53, 

df=33, P=0.60 

   

  2a 12.6 -0.12, t=-0.95, 

df=40, P=0.35 

-0.07, t=-2.10, 

df=40, P=0.04 

  

  2b 13.9 -0.06, t=-0.39, 

df=32, P=0.70 

-0.08, t=-2.20, 

df=32, P=0.04 

  

  3a 12.6 -0.12, t=-0.88, 

df=39, P=0.38 

-0.07, t=-2.06, 

df=39, P=0.05 

0.001, t=0.02, 

df=39, P=0.98 

 

  3b 20.1 -0.10, t=-0.66, 

df=31, P=0.51 

-0.10, t=-2.64, 

df=31, P=0.01 

0.07, t=1.55, 

df=31, P=0.13 

 

  4a 12.6 -0.12, t=-0.93, 

df=39, P=0.36 

-0.07, t=-2.03, 

df=39, P=0.05 

 -0.001, t=-0.01, 

df=39, P=0.99 

  4b 15.3 0.01, t=0.03, 

df=31, P=0.98 

-0.07, t=-1.78, 

df=31, P=0.08 

 -0.06, t=-0.70, 

df=31, P=0.49 

  5a 12.6 -0.12, t=-0.85, 

df=38, P=0.40 

-0.07, t=-1.97, 

df=38, P=0.06 

-0.001, t=0.02, 

df=38, P=0.98 

-0.001, t=-0.008, 

df=38, P=0.99 

  5b 21.7 -0.03, t=-0.17, 

df=30, P=0.87 

-0.09, t=-2.21, 

df=30, P=0.03 

0.07, t=1.57, 

df=30, P=0.13 

-0.06, t=-0.79, 

df=30, P=0.44 

rainbow bee-eater      

 dry
e
 1a 7.1 -0.43, t=-1.79, 

df=42, P=0.08 
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exp. 

GAMBA YEAR GRAZ FIRE 

  1b 0.1 -0.07, t=-0.20, 

df=33, P=0.84 

   

  2a 7.1 -0.43, t=-1.76, 

df=41, P=0.09 

-0.004, t=-0.09, 

df=41, P=0.93 

  

  2b 0.4 -0.07, t=-0.20, 

df=32, P=0.84 

-0.02, t=-0.28, 

df=32, P=0.78 

  

  3a 8.3 -0.34, t=-1.26, 

df=40, P=0.21 

0.002, t=0.04, 

df=40, P=0.97 

-0.03, t=-0.73, 

df=40, P=0.47 

 

  3b 0.4 -0.07, t=-0.19, 

df=31, P=0.85 

-0.02, t=-0.27, 

df=31, P=0.79 

-0.001, t=-0.02, 

df=31, P=0.98 

 

  4a 10.8 -0.28, t=-1.07, 

df=40, P=0.29 

-0.01, t=-0.19, 

df=40, P=0.85 

 0.05, t=1.28, 

df=40, P=0.21 

  4b 0.4 -0.07, t=-0.20, 

df=31, P=0.84 

-0.02, t=-0.28, 

df=31, P=0.78 

 0.005, t=0.08, 

df=31, P=0.94 

  5a 11.2 -0.25, t=-0.87, 

df=39, P=0.39 

-0.005, t=-0.10, 

df=39, P=0.92 

-0.02, t=-0.40, 

df=39, P=0.69 

0.05, t=1.11, 

df=39, P=0.27 

  5b 0.4 -0.07, t=-0.19, 

df=30, P=0.85 

-0.02, t=-0.27, 

df=30, P=0.79 

-0.001, t=-0.01, 

df=30, P=0.99 

0.005, t=0.08, 

df=30, P=0.94 

 wet 1a 0.2 0.07, t=0.30, 

df=41, P=0.77 

   

  1b 3.5 0.29, t=1.10, 

df=33, P=0.28 

   

  2a 6.6 0.10, t=0.47, 

df=40, P=0.64 

-0.09, t=-1.65, 

df=40, P=0.11 

  

  2b 12.4 0.33, t=1.27, 

df=32, P=0.21 

-0.11, t=-1.80, 

df=32, P=0.08 

  

  3a 8.7 0.19, t=0.79, 

df=39, P=0.43 

-0.08, t=-1.51, 

df=39, P=0.14 

-0.05, t=-0.94, 

df=39, P=0.35 

 

  3b 15.3 0.28, t=1.08, 

df=31, P=0.29 

-0.14, t=-2.04, 

df=31, P=0.05 

0.08, t=1.03, 

df=31, P=0.31 

 

  4a 10.5 0.08, t=0.34, 

df=39, P=0.74 

-0.11, t=-1.89, 

df=39, P=0.07 

 0.10, t=1.32, 

df=39, P=0.19 

  4b 12.4 0.31, t=1.03, 

df=31, P=0.31 

-0.12, t=-1.68, 

df=31, P=0.10 

 0.01, t=0.09, 

df=31, P=0.93 

  5a 11.3 0.13, t=0.54, 

df=38, P=0.59 

-0.10, t=-1.73, 

df=38, P=0.09 

-0.03, t=-0.58, 

df=38, P=0.57 

0.09, t=1.07, 

df=38, P=0.29 

  5b 15.3 0.27, t=0.89, 

df=30, P=0.38 

-0.14, t=-1.91, 

df=30, P=0.07 

0.08, t=1.01, 

df=30, P=0.32 

0.01, t=0.04, 

df=30, P=0.97 

rainbow lorikeet      

 dry 1a 33.0 -1.73, t=-4.55, 

df=42, P<0.001** 

   

  1b 14.2 -1.32, t=-2.34, 

df=33, P=0.03 

   

  2a 36.3 -1.76, t=-4.68, 

df=41, P<0.001** 

0.10, t=1.45, 

df=41, P=0.15 

  

  2b 17.4 -1.33, t=-2.36, 

df=32, P=0.02 

0.10, t=1.12, 

df=32, P=0.27 
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  3a 36.3 -1.79, t=-4.20, 

df=40, P<0.001** 

 0.01, t=0.11, 

df=40, P=0.91 

 

  3b 18.5 -1.31, t=-2.31, 

df=31, P=0.03 

0.08, t=0.93, 

df=31, P=0.36 

0.05, t=0.64, 

df=31, P=0.53 

 

  4a 38.7 -1.55, t=-3.74, 

df=40, P<0.001** 

0.10, t=1.36, 

df=40, P=0.18 

 0.08, t=1.25, 

df=40, P=0.22 

  4b 17.4 -1.32, t=-2.32, 

df=31, P=0.03 

0.10, t=1.10, 

df=31, P=0.28 

 -0.002, t=-0.02, 

df=31, P=0.98 

  5a 39.0 -1.61, t=-3.65, 

df=39, P<0.001** 

0.09, t=1.22, 

df=39, P=0.23 

0.03, t=0.46, 

df=39, P=0.65 

0.09, t=1.32, 

df=39, P=0.19 

  5b 18.5 -1.31, t=-2.27, 

df=30, P=0.03 

0.08, t=0.91, 

df=30, P=0.37 

0.05, t=0.63, 

df=30, P=0.53 

-0.001, t=-0.01, 

df=30, P=0.99 

 wet 1a 14.9 -0.95, t=-2.68, 

df=41, P=0.01 

   

  1b 6.2 -0.60, t=-1.48, 

df=33, P=0.15 

   

  2a 59.4 -0.80, t=-3.17, 

df=40, P<0.01* 

-0.41, t=-6.62, 

df=40, P<0.001** 

  

  2b 80.4 -0.44, t=-2.32, 

df=32, P=0.03 

-0.52, t=-11.02, 

df=32, P<0.001** 

  

  3a 77.5 -0.38, t=-1.86, 

df=39, P=0.07 

-0.38, t=-7.96, 

df=39, P<0.001** 

-0.23, t=-5.59, 

df=39, P<0.001** 

 

  3b 83.2 -0.37, t=-2.03, 

df=31, P=0.05 

-0.48, t=-10.26, 

df=31, P<0.001** 

-0.12, t=-2.28, 

df=31, P=0.03 

 

  4a 60.9 -0.82, t=-3.30, 

df=39, P<0.01* 

-0.43, t=-6.78, 

df=39, P<0.001** 

 0.11, t=1.24, 

df=39, P=0.22 

  4b 80.5 -0.40, t=-1.81, 

df=31, P=0.08 

-0.51, t=-10.00, 

df=31, P<0.001** 

 -0.03, t=-0.28, 

df=31, P=0.78 

  5a 77.5 -0.38, t=-1.79, 

df=38, P=0.08 

-0.38, t=-7.61, 

df=38, P<0.001** 

-0.23, t=-5.28, 

df=38, P<0.001** 

-0.003, t=-0.04, 

df=38, P=0.97 

  5b 83.2 -0.34, t=-1.63, 

df=30, P=0.11 

-0.48, t=-9.45, 

df=30, P<0.001** 

-0.12, t=-2.23, 

df=30, P=0.03 

-0.02, t=-0.20, 

df=30, P=0.84 

red-winged parrot      

 dry
f
 1a 0.2 -0.08, t=-0.30, 

df=42, P=0.77 

   

  1b 2.9 0.41, t=0.99, 

df=33, P=0.33 

   

  2a 17.5 -0.12, t=-0.49, 

df=41, P=0.63 

0.14, t=2.93, 

df=41, P<0.01* 

  

  2b 24.7 0.40, t=1.08, 

df=32, P=0.29 

0.17, t=3.05, 

df=32, P<0.01* 

  

  3a 17.5 -0.13, t=-0.47, 

df=40, P=0.64 

0.14, t=2.84, 

df=40, P<0.01* 

0.003, t=0.08, 

df=40, P=0.94 

 

  3b 28.4 0.42, t=1.14, 

df=31, P=0.26 

0.16, t=2.70, 

df=31, P=0.01 

0.07, t=1.27, 

df=31, P=0.21 

 

  4a 18.5 -0.04, t=-0.15, 

df=40, P=0.88 

0.14, t=2.86, 

df=40, P<0.01* 

 0.03, t=0.68, 

df=40, P=0.50 
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  4b 25.7 0.41, t=1.09, 

df=31, P=0.28 

0.17, t=3.04, 

df=31, P<0.01* 

 -0.04, t=-0.62, 

df=31, P=0.54 

  5a 18.6 -0.07, t=-0.23, 

df=39, P=0.82 

0.14, t=2.71, 

df=39, P<0.01* 

0.01, t=0.27, 

df=39, P=0.79 

0.03, t=0.72, 

df=39, P=0.48 

  5b 29.3 0.43, t=1.15, 

df=30, P=0.26 

0.16, t=2.69, 

df=30, P=0.01 

0.07, t=1.24, 

df=30, P=0.22 

-0.04, t=-0.59, 

df=30, P=0.56 

 wet 1a 1.5 0.12, t=0.79, 

df=41, P=0.43 

   

  1b 5.3 0.24, t=1.35, 

df=33, P=0.19 

   

  2a 2.2 0.11, t=0.72, 

df=40, P=0.48 

0.02, t=0.56, 

df=40, P=0.58 

  

  2b 6.2 0.23, t=1.29, 

df=32, P=0.21 

0.02, t=0.56, 

df=32, P=0.58 

  

  3a 2.7 0.13, t=0.82, 

df=39, P=0.42 

0.02, t=0.60, 

df=39, P=0.55 

-0.01, t=-0.43, 

df=39, P=0.67 

 

  3b 8.4 0.20, t=1.12, 

df=31, P=0.27 

0.01, t=0.24, 

df=31, P=0.81 

0.05, t=0.87, 

df=31, P=0.39 

 

  4a 7.5 0.09, t=0.59, 

df=39, P=0.56 

0.01, t=0.26, 

df=39, P=0.80 

 0.08, t=1.49, 

df=39, P=0.14 

  4b 6.8 0.18, t=0.87, 

df=31, P=0.39 

0.02, t=0.36, 

df=31, P=0.72 

 0.04, t=0.44, 

df=31, P=0.66 

  5a 7.5 0.09, t=0.53, 

df=38, P=0.60 

0.01, t=0.25, 

df=38, P=0.80 

0.0001, t=0.004, 

df=38, P=1.00 

0.08, t=1.41, 

df=38, P=0.17 

  5b 8.9 0.16, t=0.75, 

df=30, P=0.46 

0.004, t=0.09, 

df=30, P=0.93 

0.05, t=0.84, 

df=30, P=0.41 

0.04, t=0.40, 

df=30, P=0.69 

striated pardalote      

 dry 1a 8.3 -0.50, t=-1.96, 

df=42, P=0.06 

   

  1b 1.2 -0.25, t=-0.64, 

df=33, P=0.53 

   

  2a 23.9 -0.54, t=-2.28, 

df=41, P=0.03 

0.13, t=2.90, 

df=41, P<0.01* 

  

  2b 20.5 -0.27, t=-0.73, 

df=32, P=0.47 

0.15, t=2.78, 

df=32, P<0.01* 

  

  3a 25.3 -0.44, t=-1.66, 

df=40, P=0.10 

0.14, t=3.00, 

df=40, P<0.01* 

-0.03, t=-0.87, 

df=40, P=0.39 

 

  3b 21.2 -0.27, t=-0.75, 

df=31, P=0.46 

0.16, t=2.80, 

df=31, P<0.01* 

-0.03, t=-0.35, 

df=31, P=0.73 

 

  4a 31.7 -0.31, t=-1.25, 

df=40, P=0.22 

0.12, t=2.85, 

df=40, P<0.01* 

 0.08, t=2.13, 

df=40, P=0.04 

  4b 25.6 -0.29, t=-0.81, 

df=31, P=0.42 

0.15, t=2.78, 

df=31, P<0.01* 

 0.08, t=1.46, 

df=31, P=0.15 

  5a 31.9 -0.28, t=-1.06, 

df=39, P=0.30 

0.13, t=2.83, 

df=39, P<0.01* 

-0.01, t=-0.34, 

df=39, P=0.74 

0.08, t=1.94, 

df=39, P=0.06 

  5b 26.2 -0.30, t=-0.82, 

df=31, P=0.42 

0.16, t=2.79, 

df=31, P<0.01* 

-0.03, t=-0.50, 

df=31, P=0.62 

0.08, t=1.43, 

df=31, P=0.16 
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 wet 1a 0.7 0.06, t=0.53, 

df=41, P=0.60 

   

  1b 3.8 0.15, t=1.14, 

df=33, P=0.26 

   

  2a 2.7 0.05, t=0.44, 

df=40, P=0.66 

0.03, t=0.90, 

df=40, P=0.37 

  

  2b 6.2 0.14, t=1.06, 

df=32, P=0.30 

0.03, t=0.91, 

df=32, P=0.37 

  

  3a 2.7 0.06, t=0.44, 

df=39, P=0.66 

0.03, t=0.89, 

df=39, P=0.38 

-0.003, t=-0.10, 

df=39, P=0.92 

 

  3b 11.2 0.11, t=0.83, 

df=31, P=0.41 

0.01, t=0.42, 

df=31, P=0.68 

0.05, t=1.32, 

df=31, P=0.20 

 

  4a 5.9 0.04, t=0.33, 

df=39, P=0.74 

0.02, t=0.65, 

df=39, P=0.52 

 0.05, t=1.16, 

df=39, P=0.25 

  4b 6.2 0.15, t=0.92, 

df=31, P=0.36 

0.03, t=0.85, 

df=31, P=0.40 

 -0.003, t=-0.05, 

df=31, P=0.96 

  5a 6.1 0.03, t=0.20, 

df=38, P=0.84 

0.02, t=0.58, 

df=38, P=0.57 

0.01, t=0.25, 

df=38, P=0.80 

0.05, t=1.17, 

df=38, P=0.25 

  5b 11.2 0.12, t=0.76, 

df=30, P=0.45 

0.02, t=0.43, 

df=30, P=0.67 

0.05, t=1.30, 

df=30, P=0.20 

-0.01, t=-0.11, 

df=30, P=0.91 

sulphur-crested 

cockatoo 

     

 dry 1a 17.0 -0.66, t=-2.94, 

df=42, P<0.01* 

   

  1b 8.5 -0.62, t=-1.75, 

df=33, P=0.09 

   

  2a 17.2 -0.66, t=-2.89, 

df=41, P<0.01* 

-0.01, t=-0.28, 

df=41, P=0.78 

  

  2b 9.2 -0.61, t=-1.72, 

df=32, P=0.10 

-0.03, t=-0.51, 

df=32, P=0.61 

  

  3a 18.9 -0.56, t=-2.18, 

df=40, P=0.04 

-0.005, t=-0.11, 

df=40, P=0.91 

-0.03, t=-0.92, 

df=40, P=0.36 

 

  3b 12.2 -0.63, t=-1.76, 

df=31, P=0.09 

-0.01, t=-0.26, 

df=31, P=0.80 

-0.05, t=-1.03, 

df=31, P=0.31 

 

  4a 20.3 -0.53, t=-2.11, 

df=40, P=0.04 

-0.02, t=-0.37, 

df=40, P=0.71 

 0.05, t=1.24, 

df=40, P=0.22 

  4b 11.1 -0.63, t=-1.75, 

df=31, P=0.09 

-0.03, t=-0.54, 

df=31, P=0.59 

 0.05, t=0.81, 

df=31, P=0.42 

  5a 21.0 -0.48, t=-1.78, 

df=39, P=0.08 

-0.01, t=-0.24, 

df=39, P=0.81 

-0.02, t=-0.62, 

df=39, P=0.54 

0.04, t=1.02, 

df=39, P=0.31 

  5b 14.0 -0.64, t=-1.79, 

df=30, P=0.08 

-0.02, t=-0.29, 

df=30, P=0.77 

-0.05, t=-1.00, 

df=30, P=0.33 

0.04, t=0.78, 

df=30, P=0.44 

 wet 1a 3.6 -0.11, t=-1.24, 

df=41, P=0.22 

   

  1b 1.6 -0.08, t=-0.74, 

df=33, P=0.46 

   

  2a 16.3 -0.09, t=-1.07, 

df=40, P=0.29 

-0.05, t=-2.47, 

df=40, P=0.02 
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  2b 18.5 -0.06, t=-0.59, 

df=32, P=0.56 

-0.06, t=-2.58, 

df=32, P=0.01 

  

  3a 25.1 -0.02, t=-0.26, 

df=39, P=0.80 

-0.05, t=-2.27, 

df=39, P=0.03 

-0.04, t=-2.13, 

df=39, P=0.04 

 

  3b 24.4 -0.03, t=-0.33, 

df=31, P=0.74 

-0.05, t=-1.96, 

df=31, P=0.06 

-0.04, t=-1.55, 

df=31, P=0.13 

 

  4a 19.1 -0.10, t=-1.18, 

df=39, P=0.25 

-0.06, t=-2.66, 

df=39, P=0.01 

 0.03, t=1.15, 

df=39, P=0.26 

  4b 22.6 -0.13, t=-1.17, 

df=31, P=0.25 

-0.08, t=-2.89, 

df=31, P<0.01* 

 0.06, t=1.28, 

df=31, P=0.21 

  5a 25.7 -0.03, t=-0.37, 

df=38, P=0.71 

-0.05, t=-2.33, 

df=38, P=0.03 

-0.03, t=-1.84, 

df=38, P=0.07 

0.02, t=0.58, 

df=38, P=0.57 

  5b 28.9 -0.11, t=-0.99, 

df=30, P=0.33 

-0.06, t=-2.34, 

df=30, P=0.03 

-0.05, t=-1.63, 

df=30, P=0.11 

0.07, t=1.39, 

df=30, P=0.17 

Torresian crow      

 wet 1a 0.5 -0.04, t=-0.46, 

df=41, P=0.65 

   

  1b 0.01 -0.01, t=-0.06, 

df=33, P=0.95 

   

  2a 4.4 -0.03, t=-0.34, 

df=40, P=0.74 

-0.03, t=-1.27, 

df=40, P=0.21 

  

  2b 5.5 0.004, t=0.04, 

df=32, P=0.97 

-0.04, t=-1.36, 

df=32, P=0.18 

  

  3a 4.4 -0.03, t=-0.31, 

df=39, P=0.76 

-0.03, t=-1.25, 

df=39, P=0.22 

-0.0002, t=-0.01, 

df=39, P=0.99 

 

  3b 9.0 -0.02, t=-0.15, 

df=31, P=0.88 

-0.05, t=-1.66, 

df=31, P=0.11 

0.04, t=1.10, 

df=31, P=0.28 

 

  4a 4.9 -0.03, t=-0.38, 

df=39, P=0.71 

-0.03, t=-1.32, 

df=39, P=0.19 

 0.01, t=0.44, 

df=39, P=0.66 

  4b 5.5 -0.001, t=-0.004, 

df=31, P=1.00 

-0.04, t=-1.27, 

df=31, P=0.21 

 0.004, t=0.08, 

df=31, P=0.94 

  5a 4.9 -0.04, t=-0.39, 

df=38, P=0.70 

-0.03, t=-1.31, 

df=38, P=0.20 

0.003, t=0.13, 

df=38, P=0.90 

0.02, t=0.45, 

df=38, P=0.66 

  5b 9.0 -0.02, t=-0.14, 

df=30, P=0.89 

-0.05, t=-1.54, 

df=30, P=0.13 

0.03, t=1.08, 

df=30, P=0.29 

0.002, t=0.03, 

df=30, P=0.98 

varied triller      

 dry 1a 9.9 -0.66, t=-2.15, 

df=42, P=0.04 

   

  1b 1.3 -0.31, t=-0.65, 

df=33, P=0.52 

   

  2a 10.2 -0.66, t=-2.11, 

df=41, P=0.04 

-0.02, t=-0.38, 

df=41, P=0.71 

  

  2b 2.4 -0.31, t=-0.64, 

df=32, P=0.53 

-0.04, t=-0.59, 

df=32, P=0.56 

  

  3a 12.5 -0.50, t=-1.44, 

df=40, P=0.16 

-0.01, t=-0.19, 

df=40, P=0.85 

-0.05, t=-1.02, 

df=40, P=0.31 

 

  3b 3.3 -0.32, t=-0.66, 

df=31, P=0.51 

-0.03, t=-0.44, 

df=31, P=0.66 

-0.04, t=-0.56, 

df=31, P=0.58 
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Bird 
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Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  4a 18.9 -0.37, t=-1.11, 

df=40, P=0.27 

-0.03, t=-0.55, 

df=40, P=0.59 

 0.11, t=2.07, 

df=40, P=0.04 

  4b 6.2 -0.33, t=-0.70, 

df=31, P=0.49 

-0.05, t=-0.63, 

df=31, P=0.53 

 0.08, t=1.12, 

df=31, P=0.27 

  5a 19.5 -0.31, t=-0.87, 

df=39, P=0.39 

-0.03, t=-0.42, 

df=39, P=0.68 

-0.03, t=-0.52, 

df=39, P=0.61 

0.10, t=1.83, 

df=39, P=0.07 

  5b 7.0 -0.34, t=-0.71, 

df=30, P=0.48 

-0.04, t=-0.49, 

df=30, P=0.63 

-0.04, t=-0.53, 

df=30, P=0.60 

0.08, t=1.09, 

df=30, P=0.28 

 wet
g
 1a 5.1 -0.24, t=-1.49, 

df=41, P=0.14 

   

  1b 1.5 -0.13, t=-0.70, 

df=33, P=0.49 

   

  2a 17.1 -0.20, t=-1.34, 

df=40, P=0.19 

-0.09, t=-2.40, 

df=40, P=0.02 

  

  2b 18.7 -0.10, t=-0.56, 

df=32, P=0.58 

-0.11, t=-2.60, 

df=32, P=0.01 

  

  3a 33.3 -0.04, t=-0.24, 

df=39, P=0.81 

-0.08, t=-2.22, 

df=39, P=0.03 

-0.09, t=-3.08, 

df=39, P<0.01* 

 

  3b 28.1 -0.04, t=-0.23, 

df=31, P=0.82 

-0.08, t=-1.89, 

df=31, P=0.07 

 -0.10, t=-2.02, 

df=31, P=0.05 

  4a 21.9 -0.22, t=-1.50, 

df=39, P=0.14 

-0.10, t=-2.70, 

df=39, P=0.01 

 0.08, t=1.54, 

df=39, P=0.13 

  4b 22.3 -0.22, t=-1.10, 

df=31, P=0.28 

-0.13, t=-2.88, 

df=31, P<0.01* 

 0.11, t=1.19, 

df=31, P=0.24 

  5a 34.3 -0.06, t=-0.39, 

df=38, P=0.70 

-0.08, t=-2.33, 

df=38, P=0.03 

-0.08, t=-2.69, 

df=38, P=0.01 

0.04, t=0.77, 

df=38, P=0.45 

  5b 32.3 -0.17, t=-0.88, 

df=30, P=0.39 

-0.10, t=-2.26, 

df=30, P=0.03 

-0.10, t=-2.10, 

df=30, P=0.04 

0.11, t=1.35, 

df=30, P=0.19 

weebill      

 dry 1a 1.7 -0.25, t=-0.84, 

df=42, P=0.41 

   

  1b 2.6 0.42, t=0.94, 

df=33, P=0.35 

   

  2a 1.7 -0.26, t=-0.83, 

df=41, P=0.41 

0.002, t=0.04, 

df=41, P=0.97 

  

  2b 2.7 0.42, t=0.93, 

df=32, P=0.36 

-0.01, t=-0.10, 

df=32, P=0.92 

  

  3a 9.9 0.02, t=0.07, 

df=40, P=0.94 

0.02, t=0.39, 

df=40, P=0.70 

-0.09, t=-1.91, 

df=40, P=0.06 

 

  3b 5.2 0.40, t=0.89, 

df=31, P=0.38 

0.01, t=0.11, 

df=31, P=0.91 

-0.06, t=-0.91, 

df=31, P=0.37 

 

  4a 7.2 -0.04, t=-0.11, 

df=40, P=0.91 

-0.004, t=-0.08, 

df=40, P=0.94 

 0.08, t=1.55, 

df=40, P=0.13 

  4b 2.7 0.42, t=0.92, 

df=31, P=0.36 

-0.01, t=-0.10, 

df=31, P=0.92 

 -0.003, t=-0.04, 

df=31, P=0.97 

  5a 12.6 0.14, t=0.40, 

df=39, P=0.69 

0.01, t-0.25, 

df=39, P=0.80 

-0.08, t=-1.55, 

df=39, P=0.13 

0.06, t=1.01, 

df=39, P=0.32 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  5b 5.2 0.40, t=0.88, 

df=30, P=0.39 

0.01, t=0.11, 

df=30, P=0.91 

-0.06, t=-0.90, 

df=30, P=0.38 

-0.004, t=-0.06, 

df=30, P=0.95 

 wet 1a 14.7 -0.59, t=-2.66, 

df=41, P=0.01 

   

  1b 8.4 -0.46, t=-1.74, 

df=33, P=0.09 

   

  2a 14.8 -0.59, t=-2.60, 

df=40, P=0.01 

-0.01, t=-0.15, 

df=40, P=0.88 

  

  2b 8.6 -0.46, t=-1.69, 

df=32, P=0.10 

-0.02, t=-0.25, 

df=32, P=0.80 

  

  3a 15.6 -0.65, t=-2.63, 

df=39, P=0.01 

-0.01, t=-0.23, 

df=39, P=0.82 

0.03, t=0.62, 

df=39, P=0.54 

 

  3b 23.9 -0.57, t=-2.23, 

df=31, P=0.03 

-0.07, t=-1.10, 

df=31, P=0.28 

0.19, t=2.50, 

df=31, P=0.02 

 

  4a 16.0 -0.57, t=-2.51, 

df=39, P=0.02 

0.0001, t=0.002, 

df=39, P=1.00 

 -0.06, t=-0.76, 

df=39, P=0.45 

  4b 21.4 -0.11, t=-0.38, 

df=31, P=0.71 

0.04, t=0.57, 

df=31, P=0.57 

 -0.29, t=-2.25, 

df=31, P=0.03 

  5a 16.4 -0.62, t=-2.43, 

df=38, P=0.02 

-0.005, t=-0.08, 

df=38, P=0.94 

0.02, t=0.41, 

df=38, P=0.68 

-0.05, t=-0.59, 

df=38, P=0.56 

  5b 38.0 -0.21, t=-0.78, 

df=30, P=0.44 

-0.02, t=-0.25, 

df=30, P=0.80 

0.19, t=2.84, 

df=30, P<0.01* 

-0.31, t=-2.61, 

df=30, P=0.01 

whistling kite      

 dry 1a 0.2 0.07, t=0.32, 

df=42, P=0.75 

   

  1b 2.6 0.32, t=0.95, 

df=33, P=0.35 

   

  2a 0.2 0.07, t=0.31, 

df=41, P=0.76 

0.001, t=0.03, 

df=41, P=0.76 

  

  2b 3.2 0.32, t=0.94, 

df=32, P=0.35 

-0.02, t=-0.45, 

df=32, P=0.66 

  

  3a 0.5 0.04, t=0.15, 

df=40, P=0.88 

-0.001, t=-0.02, 

df=40, P=0.98 

0.01, t=0.29, 

df=40, P=0.77 

 

  3b 5.5 0.33, t=0.97, 

df=31, P=0.34 

-0.03, t=-0.63, 

df=31, P=0.53 

0.04, t=0.85, 

df=31, P=0.40 

 

  4a 11.9 0.30, t=1.27, 

df=40, P=0.21 

-0.01, t=-0.14, 

df=40, P=0.89 

 0.09, t=2.30, 

df=40, P=0.03 

  4b 10.2 0.29, t=0.89, 

df=31, P=0.38 

-0.03, t=-0.51, 

df=31, P=0.61 

 0.08, t=1.55, 

df=31, P=0.13 

  5a 14.0 0.22, t=0.89, 

df=39, P=0.38 

-0.01, t=-0.34, 

df=39, P=0.74 

0.03, t=0.97, 

df=39, P=0.34 

0.10, t=2.47, 

df=39, P=0.02 

  5b 12.6 0.31, t=0.92, 

df=30, P=0.36 

-0.04, t=-0.70, 

df=30, P=0.49 

0.04, t=0.91, 

df=30, P=0.37 

0.08, t=1.57, 

df=30, P=0.13 

 wet 1a 1.1 0.09, t=0.68, 

df=41, P=0.50 

   

  1b 1.7 0.12, t=0.75, 

df=33, P=0.46 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  2a 7.7 0.11, t=0.85, 

df=40, P=0.40 

-0.06, t=-1.69, 

df=40, P=0.10 

  

  2b 7.7 0.13, t=0.87, 

df=32, P=0.39 

-0.06, t=-1.45, 

df=32, P=0.16 

  

  3a 10.2 0.06, t=0.41, 

df=39, P=0.68 

-0.06, t=-1.82, 

df=39, P=0.08 

0.03, t=1.05, 

df=39, P=0.30 

 

  3b 16.2 0.09, t=0.58, 

df=31, P=0.57 

-0.08, t=-2.00, 

df=31, P=0.05 

0.08, t=1.77, 

df=31, P=0.09 

 

  4a 10.0 0.10, t=0.75, 

df=39, P=0.46 

-0.06, t=-1.85, 

df=39, P=0.07 

 0.05, t=0.99, 

df=39, P=0.33 

  4b 12.8 0.01, t=0.06, 

df=31, P=0.95 

-0.08, t=-1.86, 

df=31, P=0.07 

 0.11, t=1.35, 

df=31, P=0.19 

  5a 14.6 0.02, t=0.12, 

df=38, P=0.91 

-0.07, t=-2.12, 

df=38, P=0.04 

0.04, t=1.43, 

df=38, P=0.16 

0.07, t=1.39, 

df=38, P=0.17 

  5b 20.8 -0.03, t=-0.16, 

df=30, P=0.87 

-0.10, t=-2.35, 

df=30, P=0.03 

0.08, t=1.73, 

df=30, P=0.09 

0.10, t=1.32, 

df=30, P=0.20 

white-bellied 

cuckoo-shrike 

     

 dry 1a 12.8 -0.68, t=-2.49, 

df=42, P=0.02 

   

  1b 0.05 0.05, t=0.13, 

df=33, P=0.90 

   

  2a 13.5 -0.69, t=-2.49, 

df=41, P=0.02 

0.03, t=0.57, 

df=41, P=0.57 

  

  2b 0.4 0.05, t=0.12, 

df=32, P=0.91 

0.02, t=0.33, 

df=32, P=0.74 

  

  3a 13.9 -0.63, t=-2.02, 

df=40, P=0.05 

0.03, t=0.63, 

df=40, P=0.53 

-0.02, t=-0.45, 

df=40, P=0.66 

 

  3b 4.2 0.06, t=0.17, 

df=31, P=0.87 

0.004, t=0.07, 

df=31, P=0.94 

0.06, t=1.11, 

df=31, P=0.28 

 

  4a 30.1 -0.33, t=-1.17, 

df=40, P=0.25 

0.02, t=0.39, 

df=40, P=0.70 

 0.14, t=3.09, 

df=40, P<0.01* 

  4b 3.6 0.03, t=0.08, 

df=31, P=0.94 

0.02, t=0.30, 

df=31, P=0.77 

 0.06, t=1.02, 

df=31, P=0.32 

  5a 30.3 -0.36, t=-1.21, 

df=39, P=0.23 

0.02, t=0.31, 

df=39, P=0.76 

0.01, t=0.34, 

df=39, P=0.74 

0.14, t=3.03, 

df=39, P<0.01* 

  5b 7.6 0.05, t=0.12, 

df=30, P=0.91 

0.002, t=0.03, 

df=30, P=0.98 

0.06, t=1.14, 

df=30, P=0.26 

0.06, t=1.05, 

df=30, P=0.30 

 wet 1a 0.01 -0.02, t=-0.08, 

df=41, P=0.94 

   

  1b 4.0 0.31, t=1.18, 

df=33, P=0.25 

   

  2a 8.8 0.03, t=0.11, 

df=40, P=0.91 

-0.11, t=-1.96, 

df=40, P=0.06 

  

  2b 18.3 0.35, t=1.44, 

df=32, P=0.16 

-0.14, t=-2.36, 

df=32, P=0.02 

  

  3a 16.5 -0.02, t=-0.08, 

df=39, P=0.94 

-0.14, t=-2.39, 

df=39, P=0.02 

0.16, t=1.96, 

df=39, P=0.06 
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  3b 19.8 0.32, t=1.27, 

df=31, P=0.21 

-0.16, t=-2.47, 

df=31, P=0.02 

0.06, t=0.76, 

df=31, P=0.45 

 

  4a 17.0 0.12, t=0.49, 

df=39, P=0.63 

-0.12, t=-2.10, 

df=39, P=0.04 

 0.12, t=1.48, 

df=39, P=0.15 

  4b 18.4 0.32, t=1.10, 

df=31, P=0.28 

-0.15, t=-2.25, 

df=31, P=0.03 

 0.03, t=0.22, 

df=31, P=0.83 

  5a 21.0 0.12, t=0.49, 

df=38, P=0.63 

-0.12, t=-2.10, 

df=38, P=0.04 

-0.07, t=-1.39, 

df=38, P=0.17 

0.12, t=1.48, 

df=38, P=0.15 

  5b 19.9 0.29, t=0.99, 

df=30, P=0.33 

-0.17, t=-2.35, 

df=30, P=0.03 

0.05, t=0.74, 

df=30, P=0.47 

0.02, t=0.18, 

df=30, P=0.86 

white-throated 

honeyeater 

     

 dry 1a 9.3 -0.73, t=-2.07, 

df=42, P=0.04 

   

  1b 5.1 0.57, t=1.34, 

df=33, P=0.19 

   

  2a 9.9 -0.72, t=-2.02, 

df=41, P=0.05 

-0.04, t=-0.53, 

df=41, P=0.60 

  

  2b 8.5 0.57, t=1.35, 

df=32, P=0.19 

-0.07, t=-1.08, 

df=32, P=0.29 

  

  3a 19.9 -0.35, t=-0.92, 

df=40, P=0.36 

-0.01, t=-0.14, 

df=40, P=0.89 

-0.12, t=-2.24, 

df=40, P=0.03 

 

  3b 9.0 0.56, t=1.31, 

df=31, P=0.20 

-0.06, t=-0.93, 

df=31, P=0.36 

-0.03, t=-0.44, 

df=31, P=0.66 

 

  4a 28.6 -0.23, t=-0.66, 

df=40, P=0.51 

-0.05, t=-0.83, 

df=40, P=0.41 

 0.18, t=3.24, 

df=40, P<0.01* 

  4b 8.8 0.56, t=1.31, 

df=31, P=0.20 

-0.07, t=-1.08, 

df=31, P=0.29 

 0.02, t=0.35, 

df=31, P=0.73 

  5a 32.9 -0.04, t=-0.12, 

df=39, P=0.91 

-0.03, t=-0.50, 

df=39, P=0.62 

-0.08, t=-1.58, 

df=39, P=0.12 

0.16, t=2.76, 

df=39, P<0.01* 

  5b 9.4 0.56, t=1.28, 

df=30, P=0.21 

-0.06, t=-0.93, 

df=30, P=0.36 

-0.03, t=-0.43, 

df=30, P=0.67 

0.02, t=0.33, 

df=30, P=0.74 

 wet 1a 2.6 -0.27, t=-1.05, 

df=41, P=0.30 

   

  1b 0.3 0.08, t=0.31, 

df=33, P=0.76 

   

  2a 12.9 0.22, t=-0.88, 

df=40, P=0.38 

-0.13, t=-2.17, 

df=40, P=0.04 

  

  2b 18.9 0.14, t=0.55, 

df=32, P=0.59 

-0.17, t=-2.71, 

df=32, P=0.01 

  

  3a 31.2 0.07, t=0.27, 

df=39, P=0.79 

-0.11, t=-1.97, 

df=39, P=0.06 

-0.16, t=-3.22, 

df=39, P<0.01* 

 

  3b 20.1 0.17, t=0.65, 

df=31, P=0.52 

-0.15, t=-2.30, 

df=31, P=0.03 

-0.05, t=-0.68, 

df=31, P=0.50 

 

  4a 13.5 -0.23, t=-0.92, 

df=39, P=0.36 

-0.14, t=-2.21, 

df=39, P=0.03 

 0.05, t=0.54, 

df=39, P=0.59 

  4b 30.0 0.45, t=1.64, 

df=31, P=0.11 

-0.12, t=-1.85, 

df=31, P=0.07 

 -0.27, t=-2.23, 

df=31, P=0.03 
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  5a 31.5 0.08, t=0.34, 

df=38, P=0.74 

-0.10, t=-1.79, 

df=38, P=0.08 

-0.16, t=-3.16, 

df=38, P<0.01* 

-0.03, t=-0.38, 

df=38, P=0.71 

  5b 30.9 0.47, t=1.69, 

df=30, P=0.10 

-0.10, t=-1.56, 

df=30, P=0.13 

-0.04, t=-0.62, 

df=30, P=0.54 

-0.27, t=-2.17, 

df=30, P=0.04 

willie wagtail      

 dry 1a 0.5 -0.07, t=-0.47, 

df=42, P=0.64 

   

  1b 1.9 0.18, t=0.80, 

df=33, P=0.43 

   

  2a 2.2 -0.08, t=-0.51, 

df=41, P=0.61 

0.02, t=0.83, 

df=41, P=0.41 

  

  2b 3.7 0.18, t=0.78, 

df=32, P=0.44 

0.03, t=0.77, 

df=32, P=0.45 

  

  3a 2.2 -0.08, t=-0.51, 

df=40, P=0.61 

0.02, t=0.79, 

df=40, P=0.43 

0.003, t=0.11, 

df=40, P=0.91 

 

  3b 7.5 0.19, t=0.83, 

df=31, P=0.41 

0.02, t=0.49, 

df=31, P=0.63 

0.04, t=1.14, 

df=31, P=0.26 

 

  4a 25.9 0.14, t=0.99, 

df=40, P=0.33 

0.02, t=0.67, 

df=40, P=0.51 

 0.08, t=3.58, 

df=40, P<0.001** 

  4b 21.1 0.15, t=0.73, 

df=31, P=0.47 

0.02, t=0.75, 

df=31, P=0.46 

 0.09, t=2.62, 

df=31, P=0.01 

  5a 28.3 0.09, t=0.57, 

df=39, P=0.57 

0.01, t=0.43, 

df=39, P=0.67 

0.02, t=1.13, 

df=39, P=0.27 

0.09, t=3.76, 

df=39, P<0.001** 

  5b 25.4 0.16, t=0.79, 

df=30, P=0.44 

0.01, t=0.43, 

df=30, P=0.67 

0.04, t=1.32, 

df=30, P=0.20 

0.09, t=2.69, 

df=30, P=0.01 

yellow oriole      

 dry 1a 1.7 -0.20, t=-0.85, 

df=42, P=0.40 

   

  1b 1.9 0.28, t=0.80, 

df=33, P=0.43 

   

  2a 1.7 -0.20, t=-0.85, 

df=41, P=0.40 

0.002, t=0.03, 

df=41, P=0.98 

  

  2b 1.9 0.28, t=0.79, 

df=32, P=0.44 

-0.01, t=-0.10, 

df=32, P=0.92 

  

  3a 6.3 -0.04, t=-0.15, 

df=40, P=0.88 

0.01, t=0.29, 

df=40, P=0.77 

-0.05, t=-1.40, 

df=40, P=0.17 

 

  3b 2.5 0.28, t=0.76, 

df=31, P=0.45 

0.0001, t=0.003, 

df=31, P=1.00 

-0.02, t=-0.44, 

df=31, P=0.66 

 

  4a 9.7 0.002, t=0.01, 

df=40, P=0.99 

-0.005, t=-0.11, 

df=40, P=0.91 

 0.08, t=1.88, 

df=40, P=0.07 

  4b 2.6 0.28, t=0.75, 

df=31, P=0.46 

-0.01, t=-0.12, 

df=31, P=0.91 

 0.03, t=0.47, 

df=31, P=0.64 

  5a 11.7 0.09, t=0.32, 

df=39, P=0.75 

0.004, t=0.09, 

df=39, P=0.93 

-0.04, t=-0.95, 

df=39, P=0.35 

0.07, t=1.55, 

df=39, P=0.13 

  5b 3.2 0.27, t=0.73, 

df=30, P=0.47 

-0.001, t=-0.01, 

df=30, P=0.99 

-0.02, t=-0.42, 

df=30, P=0.68 

0.03, t=0.45, 

df=30, P=0.66 

 wet 1a 0.5 -0.08, t=-0.46, 

df=41, P=0.65 
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Bird 
variable 

Model % dev. 
exp. 

GAMBA YEAR GRAZ FIRE 

  1b 0.4 0.07, t=0.35, 

df=33, P=0.73 

   

  2a 21.4 -0.03, t=-0.19, 

df=40, P=0.85 

-0.12, t=-3.26, 

df=40, P<0.01* 

  

  2b 29.8 0.11, t=0.70, 

df=32, P=0.49 

-0.15, t=-3.66, 

df=32, P<0.001** 

  

  3a 38.2 0.14, t=1.00, 

df=39, P=0.32 

-0.11, t=-3.18, 

df=39, P<0.01* 

-0.09, t=-3.26, 

df=39, P<0.01* 

 

  3b 35.0 0.16, t=0.97, 

df=31, P=0.34 

-0.13, t=-2.99, 

df=31, P<0.01* 

-0.08, t=-1.58, 

df=31, P=0.12 

 

  4a 22.4 -0.04, t=-0.26, 

df=39, P=0.80 

-0.13, t=-3.32, 

df=39, P<0.01* 

 0.04, t=0.71, 

df=39, P=0.48 

  4b 30.5 0.17, t=0.88, 

df=31, P=0.39 

-0.14, t=-3.16, 

df=31, P<0.01* 

 -0.05, t=-0.56, 

df=31, P=0.58 

  5a 38.3 0.15, t=1.00, 

df=38, P=0.32 

-0.10, t=-2.99, 

df=38, P<0.01* 

-0.10, t=-3.13, 

df=38, P<0.01* 

-0.01, t=-0.19, 

df=38, P=0.85 

  5b 35.6 0.21, t=1.08, 

df=30, P=0.29 

-0.12, t=-2.62, 

df=30, P=0.01 

-0.07, t=-1.54, 

df=30, P=0.13 

-0.04, t=-0.50, 

df=30, P=0.62 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because, unless otherwise specified, all interactions were found to 

be non-significant. 

a For dry season black-faced cuckoo-shrike abundance, the following interactions were significant: 

GAMBA*FIRE (-2.02, t=-3.79, df=28, P<0.001 and -2.46, t=-2.88, df=19, P<0.01, for analyses 

with and without paddock sites, respectively); GRAZ*FIRE (-0.31, t=-3.02, df=28, P<0.01, 

including paddock sites). 

b For wet season brush cuckoo abundance (including paddock sites), the following interactions 

were significant: GAMBA*FIRE (1.24, t=3.90, df=27, P<0.001); YEAR*FIRE (0.45, t=2.94, 

df=27, P<0.01); GAMBA*YEAR*FIRE (-1.04, t=-3.26, df=27, P<0.01); and 

GAMBA*GRAZ*FIRE (-0.80, t=-3,12, df=27, P<0.01). 

c For dry season golden-headed cisticola abundance, the following interactions were significant: 

GAMBA*YEAR*GRAZ (-0.57, t=-3.04, df=28, P<0.01, including paddock sites) and 

YEAR*GRAZ (0.97, t=2.94, df=19, P<0.01, excluding paddock sites). 

d For dry season pied butcherbird abundance (excluding paddock sites), the following interactions 

were significant: YEAR*GRAZ (2.26, t=2.88, df=19, P<0.01) and GAMBA*YEAR*GRAZ        

(-17.09, t=-3.01, df=19, P<0.01). 

e For dry season rainbow bee-eater abundance (including paddock sites), the 

GAMBA*YEAR*GRAZ*FIRE interaction was significant (1.19, t=2.89, df=28, P<0.01). 

f For dry season red-winged parrot abundance (including paddock sites), the 

GAMBA*GRAZ*FIRE interaction was significant (-1.03, t=-2.79, df=28, P<0.01). 

g For wet season varied triller abundance (excluding paddock sites), the following interactions 

were significant: GAMBA*GRAZ (5.28, t=3.27, df=19, P<0.01); GAMBA*FIRE (3.26, t=3.27, 

df=19, P<0.01); and GAMBA*GRAZ*FIRE (-3.16, t=-2.97, df=19, P<0.01). 
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Table XII. Generalised Linear Modelling results of dry season invertebrate richness 

variables versus gamba grass cover, grazing and fire disturbance. Models were 

constructed as described for mammal (Table IX). Results shown
$
 are coefficients, t 

values and associated probabilities for each predictor variable (statistically 

significant results are indicated by * for P<0.01 or ** for P<0.001); and % deviance 

explained by each model. GAMBA was arcsine-transformed and all models used a 

Gaussian error distribution with identity link. 

Invert. variable Model % dev. exp. GAMBA GRAZ FIRE 

total sp. richness 1a 0.6 1.59, t=0.33, 

df=19, P=0.75 

  

 1b 13.1 8.44, t=1.50, 

df=15, P=0.15 

  

 2a 1.1 2.27, t=0.42, 

df=18, P=0.68 

-0.26, t=-0.32, 

df=18, P=0.75 

 

 2b 14.8 8.04, t=1.38, 

df=14, P=0.19 

-0.43, t=-0.53, 

df=14, P=0.60 

 

 3a 3.9 3.91, t=0.69, 

df=18, P=0.50 

 0.71, t=0.79, 

df=18, P=0.44 

 3b 13.2 8.47, t=1.46, 

df=14, P=0.17 

 0.11, t=0.13, 

df=14, P=0.90 

 4a 4.1 4.20, t=0.69, 

df=17, P=0.50 

-0.15, t=-0.18, 

df=17, P=0.86 

0.68, t=0.73, 

df=17, P=0.48 

 4b 15.0 8.08, t=1.34, 

df=13, P=0.20 

-0.44, t=-0.53, 

df=13, P=0.60 

0.15, t=0.17, 

df=13, P=0.87 

ant richness 1a 4.9 -3.63, t=-0.99, 

df=19, P=0.33 

  

 1b 0.6 1.65, t=0.29, 

df=15, P=0.78 

  

 2a 6.1 -2.85, t=-0.70, 

df=18, P=0.49 

-0.30, t=-0.49, 

df=18, P=0.63 

 

 2b 0.6 1.65, t=0.28, 

df=14, P=0.78 

0.01, t=0.01, 

df=14, P=0.99 

 

 3a 27.9 1.08, t=0.28, 

df=18, P=0.78 

 1.45, t=2.39, 

df=18, P=0.03 

 3b 16.6 2.05, t=0.39, 

df=14, P=0.70 

 1.26, t=1.64, 

df=14, P=0.12 

 4a 27.9 1.21, t=0.30, 

df=17, P=0.77 

-0.07, t=-0.12, 

df=17, P=0.91 

1.43, t=2.27, 

df=17, P=0.04 

 4b 16.7 1.94, t=0.35, 

df=13, P=0.73 

-0.11, t=-0.15, 

df=13, P=0.88 

1.27, t=1.59, 

df=13, P=0.14 
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Table XII. Continued. 

Invert. variable Model % dev. exp. GAMBA GRAZ FIRE 

beetle richness 1a 0.05 0.37, t=0.10, 

df=19, P=0.92 

  

 1b 1.1 1.71, t=0.42, 

df=15, P=0.68 

  

 2a 0.06 0.31, t=0.07, 

df=18, P=0.94 

0.02, t=0.04, 

df=18, P=0.97 

 

 2b 3.0 1.43, t=0.34, 

df=14, P=0.74 

-0.30, t=-0.52, 

df=14, P=0.61 

 

 3a 4.0 -1.59, t=-0.36, 

df=18, P=0.72 

 -0.60, t=-0.86, 

df=18, P=0.40 

 3b 16.5 1.42, t=0.36, 

df=14, P=0.72 

 -0.91, t=-1.60, 

df=14, P=0.13 

 4a 4.1 -1.45, t=-0.30, 

df=17, P=0.77 

-0.08, t=-0.11, 

df=17, P=0.91 

-0.62, t=-0.84, 

df=17, P=0.41 

 4b 17.4 1.23, t=0.30, 

df=13, P=0.77 

-0.22, t=-0.39, 

df=13, P=0.70 

-0.89, t=-1.51, 

df=13, P=0.15 

$ Interaction terms were initially included in model formulae. Results presented are for GLMs 

without the interaction terms because all interactions were found to be non-significant. 
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Figure. AII.1. Abundance of bar-shouldered dove, forest kingfisher, little friarbird, 

mistletoebird, peaceful dove, pied butcherbird, rainbow bee-eater and striated 

pardalote versus gamba grass cover. Diamonds = dry season, squares = wet season; 

solid shapes = Paddock sites. 
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Figure. AII.2. Abundance of varied triller, weebill, whistling kite, white-bellied 

cuckoo-shrike, white-throated honeyeater and yellow oriole versus gamba grass 

cover. Diamonds = dry season, squares = wet season; solid shapes = Paddock sites. 
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Appendix III. Methods for mapping gamba grass on Wildman 

Reserve, Mary River Catchment. 

Aerial survey methods 

Prior to this survey, no detailed mapping of gamba grass cover had been undertaken 

in the Mary River catchment, although the location of some gamba grass stands 

across Wildman Reserve and neighbouring properties had been noted by rangers and 

other local land managers. Hence, the main objective of the survey was to map the 

extent of gamba grass cover on Wildman Reserve (including the gamba grass 

paddocks of Opium Creek Station, the property adjacent to the northern boundary of 

the reserve). The map was then used to estimate landscape pattern metrics (e.g. 

distance to nearest patch of similar habitat with no gamba grass cover; see below for 

a more detailed explanation), which were included in some of the analyses described 

in Chapters 4 and 6. A copy of the survey data and map were also supplied to 

Wildman Ranger Station for use as a management resource. 

An aerial helicopter survey of gamba grass cover in the Wildman Reserve region was 

done on 24th May 2002. Gamba grass cover was estimated visually along 25 east-

west transects while flying in an R44 helicopter. Gamba grass cover was scored on a 

5 point scale (Table XIII) and the basic habitat type (i.e. woodland, rainforest, 

swamp, etc) was recorded by two observers (Kerry Beggs and Louise Kean) viewing 

the ground from the port and starboard sides of the helicopter. If observers were 

unable to see gamba (e.g. canopy cover was too thick in a rainforest), cover was 

scored as ‘unknown’. Aluminium poles were fitted to the helicopter’s landing gear 

adjacent to the port and starboard doors, and extended 4m outwards to provide a 

frame of reference for the width of the field of view for observers (i.e. gamba grass 

cover was estimated within the band bordered by the landing gear and the end of the 

aluminium pole; see Fig AIII.1). To ensure the field of view was equal to 

approximately 200m on the ground, the required flying altitude was calculated from 

the (fixed) measurements of the length of width poles (4m) and eye height of the 

observers (1.41m), as shown in Figure AIII.1. 
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Table XIII. Five-point scale used for scoring gamba grass cover. 

Cover score Percentage cover of 

gamba grass 

Colour on map 

0 <1 dark green 

1 1-10 light green 

2 11-25 yellow 

3 26-50 orange 

4 51-100 red 
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Figure AIII.1. Diagram showing the setup, geometry and calculations used during the 

helicopter aerial survey of gamba grass on Wildman Reserve. Note: drawing not to 

scale. 

 

calculated flying height 
of helicopter = 70.5m 

eye height of 
observer (1.41m) 

 

 

 

 

 

pole length (4m) 

strip width at ground 

level (200m) 

Where: 

   flying height  = eye height * strip width 

pole length 

 

  = 1.41 * 200 

             4 
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The flying speed was maintained at about 50 knots which equated to passing over 

approximately 40m per second on the ground, while flying at an altitude of 70m. The 

viewing interval was for 5 seconds (which represented a 200m section along the 

transect, at ground level), followed by a short interval (<1s) while observers glanced 

away to record data on pre-programmed palm-top computers. This survey protocol 

was repeated along the entire length of each transect, on both sides of the helicopter 

(i.e. the 2 observers). 

The transects were spaced (latitudinally) across Wildman Reserve in a somewhat 

stratified sampling arrangement, with a greater number of and closer spacing 

between transects in the northern third of the reserve where gamba grass was 

generally more prevalent and the cover more variable. In the southern section, 

transects (1 – 9) were approximately 0.5 degree (900m) apart (i.e. a 500m band was 

sampled: 2x 200m strips and 100m gap directly under the helicopter, with a 400m 

gap between transects which was not sampled). In the northern section (transects 10 

– 25, including Opium Creek Station) there was no gap between transects (Fig. 

AIII.2). Placement of transects was done this way because sampling the whole area 

at the greater intensity (i.e. no gaps between transects) would have required twice as 

many helicopter hours and hence was outside the budgetary constraints for this 

section of the study. 

All data recorded (including the actual flight path) was georeferenced and time-

synchronised using a hand-held GPS (UTM, WGS84). A few practice observations 

were made to prior to commencement of the survey proper, to minimise observer 

bias and ensure consistency between observers in perception of gamba grass cover 

score and habitat classification. 

Geostatistical modelling and map production 

Location information (i.e. the flight path of the helicopter) was recorded once only 

therefore northing values were adjusted by ± 100m (i.e. to approximate the 

latitudinal centre of the strip viewed on each side of the helicopter). The total number 

of observations recorded was 3134 (i.e. 3134 x 200m by 200m ‘cells’ with a basic 
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habitat type and gamba grass cover score). All cases where gamba grass cover was 

scored as ‘unknown’ were removed, leaving 3099 data points to be used for 

modelling and map production. 

A geostatistical approach was used to interpolate a continuous surface from the 

transect points. Kriging was the method used to develop a probabilistic predictive 

model of gamba grass cover across the surveyed area, and all geostatistical analyses 

were done by Keith Ferdinands. The resultant map of gamba grass cover is shown in 

Fig. AIII.2. 

Estimation of landscape pattern metrics 

For each of the study sites assessed during vegetation/habitat and fauna surveys, two 

landscape pattern metrics were estimated using the map of gamba grass cover. These 

were the minimum distance (to the nearest 0.1km) to an accessible area (minimum 

size of 25 ha): of (i) ‘low’ density gamba grass cover (i.e. ≤11% cover; and (ii) 

‘high’ density gamba grass cover (>50% cover). Estimates were made visually from 

the gamba grass map (Fig. AIII.2) overlaid on the broad habitat map (Fig. 4.1) and 

the minimum distance in each case was to an area of similar habitat (i.e. if a site was 

situated in open woodland, then the minimum distance was to an area of either low 

or high gamba grass cover also in open woodland). Any significant barriers to the 

movement of small ground-dwelling animals (e.g. large bodies of water and main 

dirt roads) were also considered in order to determine accessibility to nearby areas of 

low or high density gamba grass. For the sites outside the area mapped aerially (i.e. 

sites not located in Wildman Reserve, see Fig. 4.1), landscape pattern metrics were 

estimated from observations made during field work in the region, regarding the 

location of gamba grass patches of various densities. 

The metrics estimated are referred to as ‘distance to non-gamba grass patch’ and 

‘distance to dense gamba grass patch’ in Chapter 4. 
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Figure AIII.2. Distribution of gamba grass on Wildman Reserve, Mary River 

catchment, based on aerial helicopter survey done in May 2002. Dashed lines show 

the approximate location of the 25 transects. 
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Appendix IV. Terrestrial vertebrate species recorded from the Mary 

River Catchment. 

Comprehensive lists of plant and animal species recorded in the Mary River 

catchment were compiled by Armstrong et al. (2002) for the nature conservation 

plan. Species lists were compiled from museum records, NT government flora and 

fauna data bases and from two years of field surveys undertaken specifically for the 

conservation plan (Armstrong et al. 2002). 

A subset of the list of vertebrate species recorded in the catchment (Appendix 5 in 

Armstrong et al. 2002), plus additional species recorded during my own fauna 

surveys, is shown in Table XIV, below. Species with a highly aquatic habit (i.e. 

crocodiles and turtles) as well as feral species (i.e. cattle, buffalo, cats, rodents, etc.) 

have been excluded. 

In order to review the full range of terrestrial vertebrate species from the perspective 

of suitability as monitoring or ‘indicator’ species, various biological and life history 

characteristics (size, diet, reproduction, habitat requirements/preferences, 

distribution, mobility, abundance/conservation status) were researched from general 

texts (i.e. mammals: Strahan (1995); Menkhorst and Knight (2001); frogs: Tyler and 

Davies (1986) & Cogger (2000); reptiles: Horner (1991) & Cogger (2000); birds: 

Pizzey and Knight (1998)). Biological and life history characteristics were then 

recoded on an ordinal scale (see Table XV) and codes were assessed and adjusted, if 

necessary, by an ‘expert’ (J. Woinarksi). 

 



Appendix IV 

503 

Table XIV. List of terrestrial vertebrate species (excluding introduced species) recorded from the Mary River catchment (after Armstrong et al. 

2002) and notes on biological/life history characteristics. Biological and life history characteristic codes are explained in Table XV. The nature of 

any statistically significant associations with exotic pasture grasses (i.e. based on results of research presented in Chapters 5 and 6) are also 

shown: ‘.’ = species not recorded during my research; ‘0’ = no association detected (not analysed) or neutral/inconsistent trend; ‘+’ = positive 

association; ‘—’ = negative association. 

Species  Biological and life histroy characteristics  Statistical 

association 

Scientific name 

(Family, Species) 

Common name Size Repro. Diet Habitat Mobility Dist. Abun. Para 

grass 

Gamba 

grass 

FROGS           

  Hylidae           

 Cyclorana australis Giant Frog 2 3 2 3 1 2 3 . 0 

 Cyclorana longipes Long-footed Frog 1 3 2 2 1 1 3 . 0 

 Litoria bicolor Northern Dwarf Tree Frog 1 2 2 3 1 2 3 0 0 

 Litoria caerulea Green Tree Frog 2 3 2 4 1 2 3 . 0 

 Litoria coplandi Copland's Rock Frog 1 2 2 2 1 1 2 . . 

 Litoria dahlii Dahl's Aquatic Frog 2 2 3 2 1 2 1 0 . 

 Litoria inermis Peter's Frog 1 3 2 3 1 2 2 . . 

 Litoria meiriana Rockhole Frog 1 2 2 2 1 1 3 . . 

 Litoria microbelos Javelin Frog 1 2 2 2 1 2 2 . . 

 Litoria nasuta Rocket Frog 1 3 2 3 1 2 2 0 0 

 Litoria pallida Pale Frog 1 3 2 3 1 2 2 . . 

 Litoria personata Masked Rock Frog 1 2 2 2 1 1 2 . . 

 Litoria rothii Roth's Tree Frog 1 2 2 3 1 2 3 . 0 

 Litoria rubella Desert Tree Frog 1 3 2 4 1 3 2 . 0 

 Litoria tornieri Tornier's Frog 1 3 2 3 1 2 2 . . 

 Litoria wotjulumensis Wotjulum Frog 2 3 2 3 1 2 2 . . 

  Myobatrachidae            

 Crinia bilingua Bilingual Froglet 1 2 2 3 1 2 2 0 0 

 Crinia remota Remote froglet 1 2 2 3 1 1 2 . . 

 Limnodynastes 

convexiusculus 

Marbled Frog 2 2 2 2 1 2 3 0 + 

 Limnodynastes ornatus Ornate Burrowing Frog 1 3 2 3 1 2 3 . 0 
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Species  Biological and life histroy characteristics  Statistical 

association 

Scientific name 

(Family, Species) 

Common name Size Repro. Diet Habitat Mobility Dist. Abun. Para 

grass 

Gamba 

grass 

 Megistolotis lignarius Carpenter Frog 2 2 2 2 1 1 2 . . 

 Notaden melanoscaphus Northern Spadefoot Toad 1 3 2 2 1 2 2 . . 

 Uperoleia inundata Floodplain Toadlet 1 2 2 3 1 1 2 . 0 

 Uperoleia lithomoda Stonemason Toadlet 1 2 2 3 1 2 2 . 0 

            

REPTILES           

  Acrochordidae           

 Acrochordus arafurae Arafura File Snake 6 2 2 3 3 1 2 . . 

  Agamidae           

 Chlamydosaurus kingii Frilled Lizard 4 2 2 4 2 3 2 . . 

 Ctenophorus caudicinctus Ring-tailed Dragon 3 1 2 3 2 2 2 . . 

 Diporiphora albilabris  2 1 2 3 2 1 2 . . 

 Diporiphora bennettii  2 1 2 3 2 2 2 . . 

 Diporiphora bilineata Two-lined Dragon 2 1 2 4 2 2 2 . — 

 Diporiphora magna  2 1 2 4 2 2 2 . . 

 Lophognathus gilberti Gilbert's Dragon 3 1 3 4 2 3 2 . 0 

 Lophognathus temporalis Northern Water Dragon 3 1 3 3 2 2 2 . 0 

  Boidae           

 Aspidites melanocephalus Black-headed Python 6 2 2 5 2 2 2 . . 

 Liasis childreni Children's Python 5 2 2 4 2 2 2 . . 

 Liasis fuscus Water Python 6 2 2 2 3 2 2 0 . 

 Liasis olivaceus Olive Python 6 2 2 4 2 2 2 . . 

 Morelia spilota Carpet Python 6 2 2 4 2 3 2 . . 

  Colubridae           

 Boiga irregularis Brown Tree Snake 6 2 2 3 2 2 2 . . 

 Cerberus rhynchops Bockadam 5 2 2 2 2 2 2 . . 

 Dendrelaphis punctulata Green Tree Snake 6 2 2 3 2 2 2 . . 

 Enhydris polylepis Macleay's Water Snake 5 2 2 3 2 1 2 . . 

 Fordonia leucobalia White-bellied Mangrove 

Snake 

5 2 2 2 2 2 2 . . 
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 Myron richardsonii Richardson's Mangrove 

Snake 

4 1 1 2 2 1 2 . . 

 Stegonotus cucullatus Slaty-grey Snake 5 1 2 3 2 2 2 . . 

 Tropidonophis mairii Keelback 5 1 2 2 2 2 2 0 0 

  Elapidae           

 Acanthophis praelongus Northern Death Adder 4 2 2 3 2 2 2 . . 

 Demansia atra Black Whip Snake 6 1 2 3 2 2 2 . 0 

 Demansia olivacea Olive Whip Snake 5 1 2 4 2 1 2 . 0 

 Demansia papuensis Papuan Whip Snake 6 2 2 4 2 2 2 . . 

 Furina ornata Orange-naped Snake 5 1 2 4 2 3 2 . . 

 Pseudechis australis King Brown Snake 6 2 2 5 2 3 2 . 0 

 Pseudonaja nuchalis Western Brown Snake 6 2 2 5 2 3 2 . . 

 Rhinoplocephalus 

pallidiceps 

Northern Small-eyed Snake 5 2 2 4 2 1 2 . . 

 Simoselaps semifasciatus Half-girdled Snake 4 2 1 4 2 3 2 . . 

 Suta punctata Little Spotted Snake 4 1 2 4 2 2 2 . . 

 Vermicella intermedia Northern Bandy-bandy 5 1 1 3 1 1 2 . . 

  Gekkonidae           

 Diplodactylus ciliaris Spiny-tailed Gecko 2 1 2 4 1 3 2 . 0 

 Diplodactylus occultus Yellow-snouted gecko 2 1 2 2 1 1 1 . —* 

 Diplodactylus 

stenodactylus 

Crowned Gecko 2 1 2 4 1 3 2 . . 

 Gehyra australis Northern Dtella 2 1 2 4 1 2 3 . 0 

 Gehyra nana  2 1 2 3 1 2 3 . . 

 Gehyra sp. aff. nana  2 1 2 3 1 2 3 . . 

 Heteronotia binoei Bynoe's Gecko 2 1 2 4 1 3 3 . — 

 Nephrurus sheai Knobtail Gecko 2 1 2 3 1 2 2 . . 

 Oedura marmorata Marbled Velvet Gecko 2 1 2 5 1 3 2 . . 

 Oedura rhombifer Zig-Zag Gecko 2 1 2 4 1 2 3 . 0 

 Rhynchoedura ornata Beaked Gecko 2 1 2 4 1 2 2 . . 
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  Pygopodidae           

 Delma borea  2 1 2 4 1 2 2 . 0 

 Delma tincta  2 1 2 4 1 3 2 . . 

 Lialis burtonis Burton's Legless Lizard 4 1 2 5 2 3 3 . 0 

  Scincidae           

 Carlia amax Two-spined Rainbow Skink 1 1 2 4 1 2 3 . 0 

 Carlia gracilis Slender Rainbow Skink 1 1 2 3 1 2 3 — . 

 Carlia munda Striped Rainbow Skink 1 1 2 5 1 2 3 . — 

 Carlia rufilatus Red-sided Rainbow Skink 1 1 2 3 1 1 3 . — 

 Carlia triacantha Three-spined Rainbow 

Skink 

1 1 2 4 1 1 3 . . 

 Cryptoblepharus carnabyi Carnaby's Snake-eyed Skink 1 1 2 4 1 3 3 . . 

 Cryptoblepharus 

megastictus 

Spotted Snake-eyed Skink 1 1 2 3 1 1 3 . . 

 Cryptoblepharus 

plagiocephalus 

Arboreal Snake-eyed Skink 1 1 2 5 1 3 3 . — 

 Ctenotus borealis Northern Ctenotus 3 1 2 3 1 1 3 . . 

 Ctenotus decaneurus Ten-lined Ctenotus 2 1 2 3 1 1 3 . . 

 Ctenotus essingtoni Port Essington Ctenotus 2 1 2 4 1 2 3 . — 

 Ctenotus hilli Hill's Ctenotus 2 1 2 2 1 1 3 . . 

 Ctenotus inornatus Inornate Ctenotus 2 1 2 5 1 2 3 . 0 

 Ctenotus kurnbudj Alligator Rivers Ctenotus 2 1 2 3 1 1 3 . . 

 Ctenotus robustus Robust Ctenotus 3 1 2 4 1 3 3 — 0 

 Ctenotus spaldingi Spalding's Ctenotus 3 1 2 4 1 2 3 . . 

 Ctenotus storri Storr's Ctenotus 1 1 2 3 1 1 3 . — 

 Ctenotus stuarti Stuart's Ctenotus 4 1 2 2 1 1 1 . . 

 Ctenotus vertebralis Scant-striped Ctenotus 2 1 2 3 1 1 3 . . 

 Glaphyromorphus 

darwiniensis 

Darwin Skink 2 1 2 3 1 1 3 0 0 

 Glaphyromorphus 

douglasi 

Douglas' Skink 2 1 2 3 1 2 3 . 0 
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 Glaphyromorphus isolepis Smooth-scaled Skink 2 1 2 3 1 2 3 . 0 

 Lerista karlschmidti Karl Schmidt's Lerista 2 1 1 3 1 1 3 . 0 

 Lerista orientalis Eastern Lerista 1 1 1 4 1 2 3 . . 

 Menetia alanae Alan's Menetia 1 1 1 4 1 1 3 . — 

 Menetia greyii Grey's Menetia 1 1 2 5 1 3 3 . 0 

 Menetia maini Main's Menetia 1 1 2 5 1 3 3 . . 

 Morethia ruficauda Red-tailed Snake-eyed Skink 1 1 2 4 1 2 3 . . 

 Morethia storri Storr's Snake-eyed Skink 1 1 2 3 1 1 3 . 0 

 Notoscincus ornatus Ornate Snake-eyed Skink 1 1 2 4 1 2 3 . . 

 Proablepharus tenuis Slender Snake-eyed Skink 1 1 2 4 1 2 3 . . 

 Tiliqua scincoides Common Blue-tongued 

Lizard 

4 2 3 5 2 3 3 . 0 

  Typhlopidae           

 Ramphotyphlops diversus blind snake 4 1 1 4 1 3 2 . 0 

 Ramphotyphlops ligatus blind snake 4 1 1 3 1 2 2 . . 

 Ramphotyphlops 

unguirostris 

blind snake 4 1 1 4 1 3 2 . . 

 Ramphotyphlops 

yirrikalae 

blind snake 4 1 1 4 1 1 2 . . 

  Varanidae           

 Varanus baritji  5 2 2 3 2 1 2 . . 

 Varanus glebopalma Long-tailed Rock Monitor 6 2 2 2 2 2 2 . . 

 Varanus gouldii Sand Goanna 6 2 3 5 3 3 2 . . 

 Varanus mertensi Merten's Water Monitor 6 2 3 3 3 2 2 . . 

 Varanus mitchelli Mitchell's Water Monitor 5 2 2 2 2 1 2 . . 

 Varanus panoptes Floodplain Monitor 6 2 2 3 3 2 2 . 0 

 Varanus primordius  4 2 2 3 2 1 2 . . 

 Varanus scaralis Spotted Tree Monitor 5 2 3 5 2 2 2 . 0 

 Varanus tristis  5 2 3 5 2 3 2 . 0 
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BIRDS           

  Accipitridae           

 Accipiter cirrhocephalus Collared Sparrowhawk 4 1 2 5 4 3 1 . . 

 Accipiter fasciatus Brown Goshawk 4 1 2 5 4 3 3 . 0 

 Accipiter novaehollandiae Grey Goshawk 4 1 2 3 3 3 1 0 . 

 Aquila audax Wedge-tailed Eagle 6 1 3 5 4 3 2 . . 

 Aviceda subcristata Pacific Baza 4 1 2 4 3 2 1 . . 

 Circus approximans Swamp Harrier 5 1 2 3 4 3 2 0 . 

 Circus assimilis Spotted Harrier 5 1 2 3 4 3 1 . . 

 Elanus axillaris Black-shouldered Kite 4 1 2 4 4 3 2 . . 

 Erythrotriorchis radiatus Red Goshawk 5 1 1 3 4 2 1 . . 

 Haliaeetus leucogaster White-bellied Sea-Eagle 5 1 2 3 3 3 2 0 . 

 Haliastur indus Brahminy Kite 4 1 2 3 3 3 2 0 . 

 Haliastur sphenurus Whistling Kite 5 1 3 5 4 3 3 0 0 

 Hamirostra 

melanosternon 

Black-breasted Buzzard 5 1 2 4 3 2 1 . 0 

 Hieraaetus morphnoides Little Eagle 5 1 2 5 4 3 1 . . 

 Lophoictinia isura Square-tailed Kite 5 1 2 4 4 3 1 . . 

 Milvus migrans Black Kite 5 1 3 5 4 3 2 0 0 

 Pandion haliaetus Osprey 5 1 2 3 4 3 2 . . 

  Aegothelidae           

 Aegotheles cristatus Australian Owlet-nightjar 4 1 2 5 2 3 3 . 0 

  Alaudidae           

 Mirafra javanica Singing Bushlark 3 1 3 3 3 3 3 . 0 

  Alcedinidae           

 Alcedo azurea Azure Kingfisher 3 1 1 2 3 3 3 . . 

 Alcedo pusilla Little Kingfisher 3 1 1 2 3 2 2 . . 

  Anatidae           

 Anas gracilis Grey Teal 4 2 3 4 4 3 3 . . 

 Anas superciliosa Pacific Black Duck 5 2 3 4 4 3 3 . . 

 Aythya australis Hardhead 5 2 3 3 4 3 2 . . 
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 Chenonetta jubata Australian Wood Duck 4 2 3 3 4 3 3 . . 

 Dendrocygna arcuata Wandering Whistling-Duck 5 2 3 3 4 3 2 0 . 

 Dendrocygna eytoni Plumed Whistling-Duck 5 2 3 3 4 3 2 0 . 

 Malacorhynchus 

membranaceus 

Pink-eared Duck 4 2 3 3 4 3 2 . . 

 Nettapus pulchellus Green Pygmy-goose 3 1 2 2 3 2 2 0 0 

 Tadorna radjah Radjah Shelduck 5 2 3 4 3 2 2 0 0 

  Anhingidae           

 Anhinga melanogaster Darter 5 1 2 3 4 3 2 . . 

  Anseranatidae           

 Anseranas semipalmata Magpie Goose 5 2 1 3 4 2 3 — . 

  Apodidae           

 Apus affinis House Swift 3 0 2 3 4 4 1 . . 

 Apus pacificus Fork-tailed Swift 3 0 1 5 4 3 2 . . 

  Ardeidae            

 Ardea alba Great Egret 5 2 2 3 4 3 3 0 . 

 Ardea ibis Cattle Egret 5 2 2 3 4 4 2 0 . 

 Ardea intermedia Intermediate Egret 5 2 2 3 4 3 3 0 . 

 Ardea pacifica White-necked Heron 5 2 2 3 4 3 3 . . 

 Ardea picata Pied Heron 4 2 2 3 4 2 2 0 . 

 Ardea sumatrana Great-billed Heron 6 2 2 2 2 2 1 . . 

 Butorides striatus Striated Heron 4 2 2 3 3 2 2 . . 

 Egretta garzetta Little Egret 5 2 2 3 4 3 3 . . 

 Egretta novaehollandiae White-faced Heron 5 2 2 3 4 3 3 . . 

 Egretta sacra Eastern Reef Egret 5 2 2 2 3 3 2 . . 

 Ixobrychus flavicollis Black Bittern 5 2 2 3 3 2 1 . . 

 Nycticorax caledonicus Nankeen Night Heron 5 2 2 3 4 3 3 . . 

  Artamidae           

 Artamus cinereus Black-faced Woodswallow 3 1 3 4 3 3 3 . 0 

 Artamus leucorynchus White-breasted 

Woodswallow 

3 1 2 4 4 3 2 . 0 
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 Artamus minor Little Woodswallow 3 1 2 3 3 3 1 . . 

 Artamus personatus Masked Woodswallow 3 1 2 4 4 3 2 . . 

 Cracticus nigrogularis Pied Butcherbird 4 1 3 5 3 3 3 . — 

 Cracticus quoyi Black Butcherbird 4 1 3 2 3 2 3 . . 

 Cracticus torquatus Grey Butcherbird 4 1 3 4 2 2 3 . . 

  Burhinidae           

 Burhinus grallarius Bush Stone-curlew 5 2 2 4 3 3 2 . 0 

  Cacatuidae           

 Cacatua galerita Sulphur-crested Cockatoo 4 1 2 4 3 3 3 . — 

 Cacatua roseicapilla Galah 4 2 2 5 4 3 3 0 0 

 Cacatua sanguinea Little Corella 4 1 2 4 4 3 3 0 0 

 Calyptorhynchus banksii Red-tailed Black-Cockatoo 5 1 2 4 4 2 3 . 0 

 Nymphicus hollandicus Cockatiel 4 2 2 4 4 3 2 . . 

  Campephagidae            

 Coracina novaehollandiae Black-faced Cuckoo-shrike 4 1 2 5 4 3 3 0 0 

 Coracina papuensis White-bellied Cuckoo-shrike 4 1 2 5 4 3 3 . 0 

 Coracina tenuirostris Cicadabird 4 1 2 3 4 2 1 . . 

 Lalage leucomela Varied Triller 3 1 2 3 2 2 1 . 0 

 Lalage sueurii White-winged Triller 3 1 2 4 4 3 3 . 0 

  Caprimulgidae           

 Caprimulgus macrurus Large-tailed Nightjar 4 1 2 3 3 2 1 . . 

 Eurostopodus argus Spotted Nightjar 4 1 2 4 4 3 3 . . 

  Casuariidae           

 Dromaius 

novaehollandiae 

Emu 6 2 3 5 4 3 1 . . 

  Centropodidae           

 Centropus phasianinus Pheasant Coucal 5 1 2 4 3 2 3 . 0 

  Charadriidae           

 Charadrius leschenaultii Greater Sand Plover 4 0 2 3 4 3 2 . . 

 Charadrius ruficapillus Red-capped Plover 3 1 2 3 3 3 2 . . 

 Charadrius veredus Oriental Plover 4 0 2 3 4 3 2 . . 
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 Elseyornis melanops Black-fronted Dotterel 3 1 2 3 3 3 2 . . 

 Erythrogonys cinctus Red-kneed Dotterel 3 1 2 3 3 3 2 . . 

 Pluvialis fulva Pacific Golden Plover 4 0 2 3 4 3 2 . . 

 Vanellus miles Masked Lapwing 4 1 2 4 3 3 3 0 . 

  Ciconiidae           

 Ephippiorhynchus 

asiaticus 

Black-necked Stork 6 2 2 3 4 3 2 0 . 

  Climacteridae           

 Climacteris melanura Black-tailed Treecreeper 3 1 1 3 2 2 3 . 0 

  Columbidae           

 Chalcophaps indica Emerald Dove 4 1 2 3 3 2 3 . . 

 Ducula bicolor Pied Imperial Pigeon 4 1 2 3 4 2 3 . . 

 Geopelia cuneata Diamond Dove 4 1 2 4 3 3 3 . . 

 Geopelia humeralis Bar-shouldered Dove 4 1 2 4 3 3 2 . 0 

 Geopelia striata Peaceful Dove 4 1 2 5 3 3 3 . 0 

 Geophaps smithii Partridge Pigeon 4 1 2 2 2 1 3 . . 

 Ocyphaps lophotes Crested Pigeon 4 1 2 4 3 3 3 . . 

 Petrophassa rufipennis Chestnut-quilled Rock-

Pigeon 

4 1 2 2 2 1 3 . . 

 Phaps chalcoptera Common Bronzewing 4 1 2 4 3 3 3 . . 

 Ptilinopus cinctus Banded Fruit-Dove 4 1 2 2 3 1 2 . . 

 Ptilinopus regina Rose-crowned Fruit-Dove 4 1 2 3 4 2 3 . . 

  Coraciidae           

 Eurystomus orientalis Dollarbird 4 1 2 3 4 3 2 . 0 

  Corvidae           

 Corvus orru Torresian Crow 5 1 3 5 3 3 2 . 0 

  Cuculidae           

 Cacomantis variolosus Brush Cuckoo 4 1 2 4 4 2 3 . 0 

 Chrysococcyx basalis Horsfield's Bronze-Cuckoo 3 1 2 4 4 3 2 . 0 

 Chrysococcyx minutillus Little Bronze-Cuckoo 3 1 2 3 4 2 2 . 0 

 Cuculus pallidus Pallid Cuckoo 4 1 2 4 4 3 2 . 0 
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 Cuculus saturatus Oriental Cuckoo 4 0 3 3 4 2 1 . . 

 Eudynamys scolopacea Common Koel 4 1 2 3 4 2 2 . . 

 Scythrops 

novaehollandiae 

Channel-billed Cuckoo 5 1 2 3 4 2 2 . 0 

  Dicaeidae           

 Dicaeum hirundinaceum Mistletoebird 3 1 2 5 4 3 3 . 0 

  Dicruridae           

 Dicrurus bracteatus Spangled Drongo 4 1 3 4 4 2 2 . 0 

 Grallina cyanoleuca Magpie-lark 4 1 3 5 4 3 3 0 0 

 Myiagra alecto Shining Flycatcher 3 1 2 2 3 2 1 . . 

 Myiagra inquieta Restless Flycatcher 3 1 2 4 3 3 3 . 0 

 Myiagra rubecula Leaden Flycatcher 3 1 2 4 4 2 3 . 0 

 Myiagra ruficollis Broad-billed Flycatcher 3 1 2 2 3 2 1 . . 

 Rhipidura fuliginosa Grey Fantail 3 1 2 3 4 2 1 . . 

 Rhipidura leucophrys Willie Wagtail 3 1 2 4 3 3 3 0 0 

 Rhipidura rufifrons Rufous Fantail 3 1 2 2 4 2 1 0 . 

 Rhipidura rufiventris Northern Fantail 3 1 2 3 3 2 2 . 0 

  Falconidae           

 Falco berigora Brown Falcon 4 1 2 4 4 3 3 0 0 

 Falco cenchroides Nankeen Kestrel 4 1 2 4 4 3 2 . . 

 Falco longipennis Australian Hobby 4 1 2 4 4 3 1 . . 

 Falco peregrinus Peregrine Falcon 5 1 2 4 4 3 1 . . 

 Falco subniger Black Falcon 5 1 2 3 4 3 1 . . 

  Glareolidae           

 Glareola maldivarum oriental pratincole 4 1 2 3 4 2 2 0 . 

 Stiltia isabella Australian Pratincole 4 1 2 3 4 3 2 0 . 

  Gruidae           

 Grus rubicunda Brolga 6 2 2 3 4 3 1 0 . 

  Halcyonidae           

 Dacelo leachii Blue-winged Kookaburra 4 1 2 4 3 2 2 . — 

 Todiramphus chloris Collared Kingfisher 4 1 2 3 3 2 3 . . 
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 Todiramphus macleayii Forest Kingfisher 4 1 2 4 4 2 3 . 0 

 Todiramphus pyrrhopygia Red-backed Kingfisher 4 1 2 4 4 3 1 . 0 

 Todiramphus sanctus Sacred Kingfisher 4 1 2 4 4 3 2 . . 

  Hirundinidae           

 Hirundo ariel Fairy Martin 3 1 2 4 4 3 1 . . 

 Hirundo nigricans Tree Martin 3 1 2 4 4 3 3 0 0 

  Jacanidae           

 Irediparra gallinacea Comb-crested Jacana 4 1 2 3 2 2 3 0 . 

  Laridae           

 Chlidonias hybridus Whiskered Tern 4 1 2 3 4 3 2 0 . 

 Chlidonias leucopterus White-winged Black Tern 4 0 2 3 4 3 2 . . 

 Sterna albifrons Little Tern 4 1 2 3 4 3 2 . . 

 Sterna caspia Caspian Tern 5 1 2 3 4 3 2 . . 

 Sterna nilotica Gull-billed Tern 4 1 2 3 4 3 2 . . 

 Sterna sumatrana Black-naped Tern 4 1 2 3 4 3 2 . . 

  Maluridae           

 Amytornis woodwardi White-throated Grasswren 3 1 2 1 1 1 3 . . 

 Malurus lamberti Variegated Fairy-wren 2 1 2 3 1 2 1 . . 

 Malurus melanocephalus Red-backed Fairy-wren 2 1 2 4 2 3 3 0 0 

  Megapodiidae           

 Megapodius reinwardt Orange-footed Scrubfowl 4 2 2 3 2 2 3 . . 

  Meliphagidae           

 Certhionyx pectoralis Banded Honeyeater 3 1 2 3 4 2 3 . . 

 Conopophila albogularis Rufous-banded Honeyeater 3 1 3 3 3 2 3 0 0 

 Conopophila rufogularis Rufous-throated Honeyeater 3 1 3 4 4 2 3 . . 

 Entomyzon cyanotis Blue-faced Honeyeater 4 1 3 4 4 2 3 . — 

 Epthianura crocea Yellow Chat 3 1 2 2 3 1 1 . . 

 Lichenostomus flavescens Yellow-tinted Honeyeater 3 1 3 3 3 2 3 . . 

 Lichenostomus unicolor White-gaped Honeyeater 3 1 3 3 3 2 3 . 0 

 Lichenostomus virescens Singing Honeyeater 4 1 3 4 3 3 3 . . 

 Lichmera indistincta Brown Honeyeater 3 1 3 5 4 3 3 . 0 
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 Manorina flavigula Yellow-throated Miner 4 1 3 4 3 3 3 . 0 

 Meliphaga albilineata White-lined Honeyeater 3 1 3 2 3 1 3 . . 

 Melithreptus albogularis White-throated Honeyeater 3 1 3 4 3 2 3 . 0 

 Melithreptus gularis Black-chinned Honeyeater 3 1 3 3 3 2 1 . . 

 Myzomela erythrocephala Red-headed Honeyeater 3 1 2 3 3 2 3 . . 

 Myzomela obscura Dusky Honeyeater 3 1 2 3 3 2 3 . 0 

 Philemon argenticeps Silver-crowned Friarbird 4 1 3 4 4 2 3 . 0 

 Philemon buceroides Helmeted Friarbird 4 1 3 3 3 2 2 . . 

 Philemon citreogularis Little Friarbird 4 1 3 4 4 3 3 . 0 

 Ramsayornis fasciatus Bar-breasted Honeyeater 3 1 2 2 4 2 2 . . 

  Meropidae           

 Merops ornatus Rainbow Bee-eater 4 1 2 5 4 3 3 0 0 

  Motacillidae           

 Anthus novaeseelandiae Richard's Pipit 3 1 3 3 3 4 3 . . 

 Motacilla flava Yellow Wagtail 3 0 2 3 4 2 1 . . 

  Neosittidae           

 Daphoenositta 

chrysoptera 

Varied Sittella 3 1 2 4 3 3 3 . . 

  Oriolidae           

 Oriolus flavocinctus Yellow Oriole 4 1 3 4 4 2 3 . . 

 Oriolus sagittatus Olive-backed Oriole 4 1 3 4 4 3 1 . 0 

 Sphecotheres viridis Figbird 4 1 2 4 4 2 3 . 0 

  Otididae           

 Ardeotis australis Australian Bustard 6 2 3 4 4 3 3 . 0 

  Pachycephalidae            

 Colluricincla harmonica Grey Shrike-thrush 4 1 3 4 3 3 3 . . 

 Colluricincla 

megarhyncha 

Little Shrike-thrush 3 1 3 2 2 2 1 . . 

 Colluricincla woodwardi Sandstone Shrike-thrush 4 1 2 2 2 1 3 . . 

 Pachycephala lanioides White-breasted Whistler 4 1 2 2 2 2 1 . . 

 Pachycephala melanura Mangrove Golden Whistler 3 1 2 2 3 2 1 . . 
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 Pachycephala rufiventris Rufous Whistler 3 1 2 5 4 3 3 0 . 

 Pachycephala simplex Grey Whistler 3 1 2 2 3 2 1 . 0 

  Pardalotidae            

 Gerygone chloronotus Green-backed Gerygone 2 1 2 2 2 2 3 . 0 

 Gerygone levigaster Mangrove Gerygone 2 1 2 2 2 2 3 . . 

 Gerygone magnirostris Large-billed Gerygone 2 1 2 3 2 2 3 . . 

 Gerygone olivacea White-throated Gerygone 2 1 2 4 4 3 2 . . 

 Pardalotus striatus Striated Pardalote 3 2 2 5 3 3 3 . 0 

 Smicrornis brevirostris Weebill 2 1 2 4 2 3 3 . 0 

  Passeridae           

 Erythrura gouldiae Gouldian Finch 3 2 2 2 3 1 1 . . 

 Lonchura castaneothorax Chestnut-breasted Mannikin 3 2 2 3 3 3 2 0 0 

 Neochmia phaeton Crimson Finch 3 2 2 3 2 2 3 . 0 

 Neochmia ruficauda Star Finch 3 2 2 2 2 2 1 . . 

 Poephila acuticauda Long-tailed Finch 3 2 2 3 3 2 3 . 0 

 Poephila personata Masked Finch 3 2 2 3 3 2 3 . 0 

 Taeniopygia bichenovii Double-barred Finch 3 2 2 4 3 3 3 . 0 

  Pelecanidae           

 Pelecanus conspicillatus Australian Pelican 6 1 2 3 4 3 3 . . 

  Petroicidae           

 Melanodryas cucullata Hooded Robin 3 1 2 3 3 2 1 . . 

 Microeca fascinans Jacky Winter 3 1 2 3 3 3 3 . . 

 Microeca flavigaster Lemon-bellied Flycatcher 3 1 2 3 3 2 3 . 0 

 Poecilodryas superciliosa White-browed Robin 3 1 2 2 2 2 1 . . 

  Phalacrocoracidae           

 Phalacrocorax carbo Great Cormorant 5 1 2 3 4 4 2 . . 

 Phalacrocorax 

melanoleucos 

Little Pied Cormorant 5 1 2 3 4 4 2 . . 

 Phalacrocorax sulcirostris Little Black Cormorant 5 1 2 3 4 4 3 0 . 

 Phalacrocorax varius Pied Cormorant 5 1 2 3 4 4 2 0 . 
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  Phasianidae            

 Coturnix chinensis King Quail 2 2 2 3 3 2 1 0 . 

 Coturnix ypsilophora Brown Quail 3 2 3 4 3 3 1 0 0 

  Pittidae           

 Pitta iris Rainbow Pitta 3 1 2 2 3 1 3 . . 

  Podargidae           

 Podargus strigoides Tawny Frogmouth 4 1 2 5 2 3 3 . 0 

  Podicipedidae           

 Poliocephalus 

poliocephalus 

Hoary-headed Grebe 4 1 2 2 3 3 3 . . 

 Tachybaptus 

novaehollandiae 

Australasian Grebe 4 1 2 2 4 3 3 . . 

  Pomatostomidae           

 Pomatostomus temporalis Grey-crowned Babbler 4 1 3 4 2 3 2 . 0 

  Psittacidae           

 Aprosmictus erythropterus Red-winged Parrot 4 1 2 4 3 2 3 . 0 

 Platycercus venustus Northern Rosella 4 1 2 4 2 2 1 . . 

 Psephotus dissimilis Hooded Parrot 4 1 2 3 2 1 1 . . 

 Psitteuteles versicolor Varied Lorikeet 3 1 2 4 4 2 3 . 0 

 Trichoglossus haematodus Rainbow Lorikeet 4 1 2 4 4 3 3 . — 

  Ptilonorhynchidae           

 Chlamydera nuchalis Great Bowerbird 4 1 3 4 3 2 3 . 0 

  Rallidae            

 Amaurornis olivaceus Bush-hen 4 2 3 2 3 2 1 . . 

 Fulica atra Eurasian Coot 4 2 3 2 4 3 3 . . 

 Gallirallus philippensis Buff-banded Rail 4 2 3 3 3 2 2 . . 

 Porphyrio porphyrio Purple Swamphen 4 2 3 2 4 3 2 . . 

 Porzana cinerea White-browed Crake 3 2 3 2 3 2 2 . . 

 Porzana pusilla Baillon's Crake 3 2 3 2 3 3 2 . . 
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  Recurvirostridae           

 Himantopus himantopus Black-winged Stilt 4 1 2 3 3 3 2 0 . 

 Recurvirostra 

novaehollandiae 

Red-necked Avocet 4 1 2 3 4 2 2 . . 

  Scolopacidae            

 Actitis hypoleucos Common Sandpiper 4 0 2 3 4 3 3 . . 

 Calidris acuminata Sharp-tailed Sandpiper 3 0 2 3 4 3 2 0 . 

 Calidris canutus Red Knot 4 0 2 3 4 3 3 . . 

 Calidris ruficollis Red-necked Stint 3 0 2 3 4 3 3 . . 

 Limosa lapponica Bar-tailed Godwit 4 0 2 3 4 3 2 . . 

 Numenius 

madagascariensis 

Eastern Curlew 5 0 2 3 4 3 3 . . 

 Numenius minutus Little Curlew 4 0 2 3 4 2 3 —* . 

 Tringa glareola Wood Sandpiper 4 0 2 3 4 3 3 . . 

 Tringa nebularia Common Greenshank 4 0 2 3 4 3 2 0 . 

 Tringa stagnatilis Marsh Sandpiper 4 0 2 3 4 3 3 . . 

 Xenus cinereus Terek Sandpiper 4 0 2 3 4 3 3 . . 

  Strigidae           

 Ninox connivens Barking Owl 4 2 2 4 3 3 1 . 0 

 Ninox novaeseelandiae Southern Boobook 4 2 2 5 4 3 3 . . 

 Ninox rufa Rufous Owl 5 2 2 3 3 2 1 . . 

  Sylviidae           

 Acrocephalus stentoreus Clamorous Reed-Warbler 3 1 2 2 4 3 3 . . 

 Cincloramphus mathewsi Rufous Songlark 3 1 2 3 4 3 2 . . 

 Cisticola exilis Golden-headed Cisticola 2 1 2 3 3 3 3 0 + 

 Cisticola juncidis Zitting Cisticola 3 1 2 2 2 2 1 0 . 

 Megalurus timoriensis Tawny Grassbird 3 1 2 2 3 3 1 0 0 

  Threskiornithidae            

 Platalea flavipes Yellow-billed Spoonbill 5 2 2 3 4 3 3 . . 

 Platalea regia Royal Spoonbill 5 2 2 3 4 3 3 . . 

 Plegadis falcinellus Glossy Ibis 5 2 2 3 4 3 2 0 . 
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 Threskiornis molucca Australian White Ibis 5 2 2 4 4 3 3 0 . 

 Threskiornis spinicollis Straw-necked Ibis 5 2 2 4 4 3 3 0 . 

  Turnicidae           

 Turnix castanota Chestnut-backed Button-

quail 

3 2 2 2 2 2 1 . . 

 Turnix maculosa Red-backed Button-quail 3 2 2 3 3 2 3 . 0 

 Turnix pyrrhothorax red-chested button-quial 3 2 2 3 3 3 3 . 0 

  Tytonidae           

 Tyto alba Barn Owl 4 2 2 4 4 3 2 . 0 

  Zosteropidae           

 Zosterops luteus Yellow White-eye 3 1 3 3 2 2 3 . . 

            

MAMMALS           

  Canidae           

 Canis familiaris Dingo 5 1 3 5 3 3 3 . 0 

  Dasyuridae           

 Antechinus bellus Fawn Antechinus 3 2 3 3 2 1 3 . . 

 Dasyurus hallucatus Northern Quoll 4 1 3 4 2 2 1 . . 

 Phascogale tapoatafa Brush-tailed Phascogale 3 2 3 3 2 2 2 . . 

 Planigale maculata Common Planigale 2 1 3 3 1 2 3 0 + 

 Pseudantechinus bilarni Sandstone Antechinus 3 2 3 3 1 1 3 . . 

 Sminthopsis virginiae Red-cheeked Dunnart 3 1 3 2 1 2 1 . . 

  Emballonuridae            

 Taphozous georgianus Common Sheathtail Bat 2 1 2 3 3 2 3 . . 

 Saccolaimus flaviventris Yellow-bellied Sheathtail 

Bat 

2 1 2 4 3 3 1 . . 

  Hipposideridae            

 Hipposideros ater Dusky Horseshoe-bat 1 1 2 3 3 2 1 . . 

 Hipposideros stenotis Lesser Wart-nosed 

Horseshoe-ba 

1 1 2 3 3 1 3 . . 

 Rhinonicteris aurantius Orange Horseshoe-bat 1 1 2 3 3 1 3 . . 
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  Macropodidae           

 Macropus agilis Agile Wallaby 5 1 2 4 3 2 3 . 0 

 Macropus antilopinus Antilopine Wallaroo 5 1 2 3 3 2 3 . . 

 Macropus bernardus Black Wallaroo 5 1 2 3 3 1 3 . . 

 Macropus robustus Euro 6 1 2 4 3 3 3 . . 

 Onychogalea unguifera Northern Nailtail Wallaby 5 1 2 3 2 2 1 . . 

 Petrogale brachyotis Short-eared Rock-wallaby 4 1 2 2 2 2 3 . . 

 Petrogale concinna Nabarlek 4 1 1 2 2 1 1 . . 

  Megadermatidae            

 Macroderma gigas Ghost Bat 3 1 2 3 3 2 1 . . 

  Muridae           

 Hydromys chrysogaster Water-rat 4 2 2 3 3 2 2 . . 

 Leggadina lakedownensis Lakeland Downs Mouse 2 2 2 3 1 1 2 . 0 

 Melomys burtoni Grassland Melomys 3 1 2 4 2 2 3 0 + 

 Mesembriomys gouldii Black-footed Tree-rat 4 1 3 3 2 2 1 . . 

 Pseudomys delicatulus Delicate Mouse 2 2 2 4 1 2 3 . . 

 Pseudomys nanus Western Chestnut Mouse 3 1 2 3 1 2 3 . . 

 Rattus colletti Dusky Rat 3 2 1 2 3 1 2 0 + 

 Rattus tunneyi Pale Field Rat 3 2 1 2 3 2 2 . 0 

 Zyzomys argurus Common Rock-rat 3 1 2 3 2 2 3 . . 

  Peramelidae           

 Isoodon macrourus Northern Brown Bandicoot 4 2 3 4 2 2 3 0 + 

  Petauridae           

 Petaurus breviceps Sugar Glider 3 1 2 4 2 3 3 . . 

Phalangeridae           

 Trichosurus vulpecula Common Brushtail Possum 4 1 3 4 2 3 3 . . 

  Pseudocheiridae            

 Petropseudes dahli Rock Ringtail Possum 4 1 2 2 2 1 3 . . 

  Pteropodidae            

 Macroglossus minimus Northern Blossom-bat 2 1 2 3 3 2 3 . . 
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 Pteropus alecto Black Flying-fox 4 1 2 3 4 2 3 . . 

 Pteropus scapulatus Little Red Flying-fox 4 1 3 4 4 2 3 . . 

  Tachyglossidae           

 Tachyglossus aculeatus Short-beaked Echidna 4 1 1 4 2 3 3 . . 

  Vespertilionidae            

 Chalinolobus gouldii Gould's Wattled Bat 2 1 2 4 3 3 3 . . 

 Chalinolobus morio Chocolate Wattled Bat 2 1 2 4 3 2 3 . . 

 Chalinolobus nigrogriseus Hoary Bat 2 1 2 4 3 2 3 . . 

 Miniopterus schreibersii Common Bent-wing Bat 2 1 2 4 3 3 3 . . 

 Nyctophilus arnhemensis Arnhem Land Long-eared 

Bat 

1 1 2 3 3 2 3 . . 

 Nyctophilus bifax Queensland Long-eared Bat 2 1 2 3 3 2 3 . . 

 Nyctophilus geoffroyi Lesser Long-eared Bat 1 1 2 4 3 3 3 . . 

 Nyctophilus walkeri Pygmy Long-eared Bat 1 1 2 2 3 2 3 . . 

 Scotorepens greyii Little Broad-nosed Bat 2 1 2 4 3 2 3 . . 

 
* Abundance not analysed; negative association was for frequency of occurrence and presence/absence of para grass or gamba grass. 
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Table XV. Classification of codes for biological and life history characteristics of 

terrestrial vertebrate species. 

Characteristic Code Notes 

Size 1 length (l) or height (h): 1 - 49mm; weight (w) <5g; e.g. most 

frogs, small skinks, small bats 

 2 l/h: 50 - 99mm; w <10g; e.g. geckos, small rodents, weebill 

 3 l/h: 100 - 199mm; w<500g; e.g. dragon, antechinus, rufous 

whistler 

 4 l/h: 200 - 499mm; w<6kg; e.g. quoll, friarbird 

 5 l/h: 500 - 999mm; <10kg; e.g. whistling kite, small monitor 

species, small macropods 

 6 l/h: 1000mm+; w>10kg; e.g. pelican, brolga, olive python, large 

macropods 

Reproductive output
a
 0 does not breed in Australia (i.e. non-breeding migratory bird 

species) 

 1 low (few) 

 2 medium (10s) 

 3 high (100s +) 

Diet
b
 1 highly specific; feeds only on specific items, or food items not 

widely available; e.g. blind snakes, magpie goose 

 2 moderate; feeds on a variety of items which are generally 

readily available; e.g. insectivores 

 3 very general; feeds on a wide range of items readily available; 

e.g. omnivores 

Habitat specificity
c
 1 highly specific; dependent on one habitat only 

 2 specific; a few habitat types used e.g. adjacent vegetation 

stands, partially dependent on one 

 3 moderate; a variety of habitat types used, partially dependent on 

a few 

 4 general; a number of habitat types used; maximum score for any 

species requiring aquatic habitat e.g. frogs, waterfowl 

 5 very general; a wide range of habitats used, not dependent on 

any particular habitat 

Mobility
d
 1 low; up to approximately 500m; moves only within a patch; 

cannot or does not move between patches; highly 

sedentary/territorial species; e.g. frog, small skinks 

 2 moderate; 100s m to a few km; can move readily between 

adjacent patches only; locally nomadic e.g. some small birds, 

dragons 

 3 high; few to several kms; readily moves substantial distances 

between patches, but not between catchments; regionally 

nomadic e.g. many birds, large snakes, mammals 

 4 very high (many kms) easiliy/readily travelled, incl. between 

catchments; long-distance nomads and migratory species 
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Characteristic Code Notes 

Distribution 1 small distribution; small area(s) within NT 

 2 moderate distribution; top end 

 3 wide distribution; much of Australia 

 4 very wide; most of Australia and species found on other 

continents (incl. global) 

Abundance 1 low; threatened and uncommon species 

 2 unknown abundance status 

 3 moderate to high numbers; common 

 
a   Reproductive output - based on number of offspring per individual over complete life span, does 

not take into account survival rates 

 

b   Diet: based on species information, when available, but maybe for a taxonomic group in general. 

Species dependent on only one or two food source at a particular time of year were classed as ‘1’ 

(e.g. magpie geese dependent on Eleocharis spp.). 

 

c   Habitat specificity: based on the number of habitat types required/utilised for all aspects (i.e. 

refuge, foraging, nesting). 

 

d   Mobility: based on how easily/readily a species can move within/between areas of suitable habitat, 

from published information, ‘educated guesses’ or based loosely on body size (i.e. for reptiles and 

frogs). 




