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ABSTRACT 

Several granivorous bird species of the northern Australian savannas are known to 

be threatened and others are suspected to have declined. However, for most 

species there is little documented evidence such that the generality of the problem 

is uncertain, and the mechanism(s) for change are unclear. In this thesis, I seek to 

determine the taxonomic and geographic scope of the problem and identify 

ecological, spatial and temporal patterns of decline which may shed light on its 

causes. To do this, I compiled a database of over 60,000 historic records of 

granivorous birds, which I analysed for changes in distribution and reporting rates. 

Analyses of reporting rates were controlled for historic shifts in the geographic 

distribution of records, and for change in search effort. To provide context for 

these analyses, I also examined biogeographic patterning in the Australian 

granivorous bird fauna using data from the Atlas of Australian Birds. 

The granivorous bird assemblages of the northern Australian savannas are diverse. 

They are especially rich in terrestrial-foraging finches and pigeons, but support few 

arboreal-foraging species. Rates of regional endemism are particularly high, and 

many of the endemics have restricted distributions within the savannas. At least 

twenty of fifty-nine species have changed in abundance since European settlement, 

and most of these ( 1 7  species) have declined. Declining species share a marked 

propensity to forage exclusively on the ground or amongst herbage, but all 

increasing species and many species for which no change in abundance was 

demonstrated also share this habit. Decline has been most severe in central 

Queensland; moderately severe through much of the remainder of Queensland 

(excepting Cape York Peninsula) and in inland areas of Western Australia and the 

Northern Territory; and least in the north Kimberley, the Tiwi Islands and eastern 

Arnhem Land. In southern and central Queensland, the only part of northern 

Australian savannas subject to extensive clearing of native vegetation, the decline 

of granivorous birds was associated with the pastoral era prior to the 

commencement of clearing. 

The northern savannas have suffered a major loss of biodiversity. Its causes are 

unclear, but are probably related to the direct or indirect impacts of pastoralism and 

the loss of Aboriginal landscape burning on food resources. Further research is 

required to determine its causes and develop management strategies. 
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INTRODUCTION 



Chapter 1: INTRODUCTION 

1.1 For granivorous birds, change in the northern Australian savannas 

comes rather early in the period of European ascendancy 

When a monsoonal climate and its associated eucalypt-dominated savannas 

became established in northern Australia in the Miocene c. 1 5  million years BP 

(Dunlop & Webb 1 99 1 ,  Pole & Bowman 1 996), parrots and probably also pigeons 

and button-quail were already present in Australia (Keast 1 981 a, Heatwole 1987). 

Finches are thought to have arrived later, during the Pliocene c. 2-6 million years 

BP (Keast 1 981 a), and quail may have arrived even more recently. The savannas 

and their evolving avifauna persisted through the ensuing climatic fluctuations, 

including those associated with the Ice Ages of the last 1 20,000 years and the 

arrival of Aborigines with (in particular) their landscape-burning practices. 

Nevertheless, both the extent of the northern Australian savannas and their position 

relative to the current coastline has changed markedly in the last 20,000 years (Nix 

& Kalma 1 972). The nature, evolution and impact of coincident Aboriginal 

landscape-burning remains unclear and controversial (Jones 1 969, Stocker & Mott 

1981 , Braithwaite 1 99 1 ,  Stanton 1 992, Bowman in press). However, there is no 

doubt that changes to fire regimes affect the availability of food for granivorous 

birds in the tropical savannas (lazarides eta/. 1965, Mott & Andrew 1 985a, 

Watkinson eta/. 1 989, Woinarski 1 990). 

The landscapes of northern Australia have been largely spared the gross 

environmental change that has characterised European settlement of much of 

Australia. Extensive clearing of vegetation has been largely confined to south-east 

and central-eastern Queensland (DESTS 1 996). Pastoralism is now widespread, 

especially in Queensland and the inland savannas of the Northern Territory and the 

Kimberley, but is mostly of low to very low intensity (DNM 1 980a). Some loss of 

tree, herbage and soil cover has occurred as a result, but Ash et at. (1 997) argued 

that impacts have mostly been minor and localised. There is a perception that the 

negative impacts of pastoralism on the fauna have also been at most minor and 

localised (e.g. Woinarski & Braithwaite 1 990). 



In 1844, Ludwig Leichhardt led an expedition north-west from and beyond the 

frontier of European civilisation in far south-eastern Queensland. Traversing the 

Queensland brigalow lands he wrote in a diary entry dated c. 21 November 1 844, 

"Mr. Gilbert's parrot, which we first met on the downs, was very frequent" 

(Leichhardt 1847). John Gilbert ( 1 844-45), the expedition's ornithologist, noted the 

same species on seven dates during October, November and December 1 844, and 

on November 25 reported it as "common". "Mr. Gilbert's parrot" was the Paradise 

Parrot Psephotus pulcherr imus, a species he had discovered earlier that year 

(Chisholm 1945). "Mr. Gilbert's parrot" is now almost certainly extinct, with no 

confirmed reports since 1 927 (Isles 1 997}. 

Several years prior, John Gilbert visited the Cobourg Peninsula in the far north of 

the Northern Territory (Campbell 1 9 1 9) .  Amongst the birds he found there was the 

Gouldian Finch Erythrura gouldiae. The Gouldian Finch has not been reported 

from Cobourg Peninsula since 1 848, in spite of detailed surveys in the area since 

(e.g. Frith & Hitchcock 1974). In Queensland, the Gouldian Finch was recorded 

south of 20° South during the 19th century (Ramsay unpubl. ms- see Emu 58: 

236) and early this century (MacGillivray 1901,  Smedley 1904, Berney 1 905-07), 

but not since. It has not been reported south of 1 9° South in Queensland since 

1948 (Holmes undated). In total, this represents an apparent range contraction of 

about 200 km along a 700 km front (see Chapter 3}. 

When the Norwegian explorer Knut Dahl and his companions travelled on 

horseback from Pine Creek to Katherine in the Top End of the Northern Territory in 

July 1 895, they were unable to obtain supplies of salt beef before departing. 

Instead, they lived on Partridge Pigeons Geophaps smithii collected along the way 

(Dahl 1 926). Although still present in the region, the Partridge Pigeon is now so 

uncommon that the pickings would be lean indeed if such an expedition was 

attempted now (pers. obs.). 

From the Borroloola area of the Northern Territory comes further evidence of 

change. Barnard ( 1 9 1 4a) noted that the Hooded Parrot Psep hotus dissimilis was 

"fairly plentiful on the dry spinifex and stringy-bark ridges of the lower McArthur", 

and of the Partridge Pigeon that "Great numbers watered at a spring close to the 

camp". Hill ( 1 9 1 3) also reported the Partridge Pigeon from the area, and collectors 

working independently of these two workers during the first 20 years of this century 

supplied specimens of both species. Numerous surveys in the area since that time 
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(e.g. Schodde 1 976, Gambold & Menkhorst 1 992, Griffiths eta/. 1 997) have failed 

to locate either species. 

These few examples may be but the most obvious of a series of problems. Garnett 

( 1 992) listed 1 5  bird taxa that are strongly associated with the Australian tropical 

savannas as "Threatened", the list extending to 20 taxa when the sub-tropical 

woodlands are included. Of these, 1 4  are granivorous, including one that is 

apparently extinct and three considered to be "Endangered" (Table 1 - 1  ). A further 

four taxa were regarded as "of Special Concern" though not Threatened. Garnett 

( 1 992) and Woinarski (1993) tentatively identified a syndrome of decline amongst 

granivorous birds in northern Australia. They suggested a linkage to pastoralism 

and changes to fire regimes, a linkage thought to operate through changes to food 

availability. 

A superficially similar pattern of decline has occurred amongst the granivorous 

birds of non-arid southern Australia, with ten taxa listed as Threatened (Garnett 

1 992). None are extinct, but three are considered Endangered (the south-eastern 

race of the Red-tailed Black-Cockatoo C alyptor hynchus b anksii graptogyne, the 

Kangaroo Island race of the Glossy Black-Cockatoo C. lathami halmaturinus and 

the Orange-bellied Parrot Neop hema chrysogaster). However, in the northern 

savannas, the declines appear associated with the pastoral era of settlement prior 

to land clearance. For example, the demise of the Paradise Parrot occurred prior 

to the onset of widespread land-clearance, which in the Queensland Brigalow 

country dates from the early 1 960's (Johnson 1 985). The decline and 

disappearance of a number of mostly granivorous bird species during the pastoral 

era was vividly described by a grazier/ornithologist resident for 50 years in the 

Dawson River valley of central-eastern Queensland (Barnard 1925). In contrast, 

most "Threatened" taxa in southern Australia are at risk because of gross loss of 

habitat through land clearing or forestry, operative either by loss of foraging areas 

or loss of nest sites (Joseph 1986, Garnett 1 992). The ecological significance and 

conservation and management consequences of this difference between northern 

and southern Australia will be explored in Chapter 6. 
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Table 1-1: Granivorous birds of northern Australian woodlands and 

grasslands thought to be threatened or of conservation concern. 

Scientific names of species are given in Appendix 1. Status ratings are from 

Garnett (1992). Only taxa whose prime distribution is in northern Australia are 

listed. Note that species "of Special Concern" are not formally "Threatened". 

Species/subspecies Status Best supporting reference(s) 

Threatened taxa 

Buff-breasted Button-quail Insufficiently Known Garnett (1992), 

Rogers (1995) 

Chestnut-backed Button-quail Insufficiently Known Blakers et at. (1984), 

Garnett (1992) 

Partridge Pigeon ssp. smithii Vulnerable Garnett (1992) 

Partridge Pigeon ssp. blaauwi Insufficient Known Johnstone (1981) 

Squatter Pigeon ssp. scripta Vulnerable Frith (1982) 

Palm Cockatoo ssp. aterrimus Insufficiently Known Garnett (1992) 

Golden-shouldered Parrot Endangered Weaver (1982) 

Paradise Parrot Extinct Chisholm (1922), 

Isles (1997) 

Star Finch ssp. ruficauda Endangered Holmes (1996) 

Star Finch ssp. clarescens Rare Holmes (1998) 

Crimson Finch ssp. evangelinae 

Insufficiently Known Garnett (1992) 

Black-throated Finch ssp. cincta 

Vulnerable Garnett (1992) 

Yellow-rumped Mannikin Insufficiently Known Garnett (1992) 

Gouldian Finch Endangered Blakers et at. (1984) 

Taxa of special concern 

Flock Bronzewing of Special Concern McAIIan (1996) 

Hooded Parrot of Special Concern Blakers et at. (1984) 

Crimson Finch ssp. phaeton of Special Concern Garnett (1992) 

Pictorella Mannikin of Special Concern Garnett (1992) 
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1.2 What is a granivore? 

Granivorous birds are those that consume grain - seeds not contained within fleshy 

fruits (Campbell & Lack 1985, Joseph 1986). In contrast, frugivorous birds not only 

choose fleshy fruits, but it is the flesh rather than the seed that is the prime 

attractant to them. A sub-class of granivorous birds are "graminivorous", 

consuming grass (Poaceae) seeds. 

Primary granivore bird families include the quail and allies (Phasianidae), button

quail (Turnicidae), many pigeons and doves (Columbidae), cockatoos 

(Cacatuidae). parrots (Psittacidae) and finches of the families Passeridae, 

Fringillidae and Emberizidae. The Phasianidae, Columbidae and one or more finch 

families are found almost throughout the world, whilst the button-quail occur only in 

Africa, Asia and Australia, and granivorous cockatoos and parrots are primarily an 

Australasian phenomenon. Many other birds are at least facultatively granivorous, 

amongst them the Australian grass-wrens (Amytornis, Maluridae) and white-faces 

(Aphelocephala, Pardalotidae) (Joseph 1986). A variety of waterfowl are also 

granivorous to a variable extent, for example, the Magpie Goose Anseranas 

semipalmata (Frith & Davies 1961 a). Many animals other than birds also consume 

grain. Rodents and ants feature prominently in the granivore communities of North 

American and Australian deserts (Pulliam & Brand 1 975, Parmenter eta/. 1984, 

Morton 1 985) and competition for seed resources between rodents, ants and birds 

is well-documented (reviewed in Brown eta/. 1 979). 

Many granivorous birds possess an extension of the oesophagus, known as the 

crop, which is used to store seed prior to digestion. Many also have a muscular 

giz.zard. and ingest hard objects to aid digestion. Given the time taken to digest 

seed and its tendency to occur very patchily in environments, the crop may permit 

optimal foraging and minimise exposure to predators (Wiens & Johnston 1977). 

However, the diversity of bill sizes and shapes amongst granivorous birds is quite 

extraordinary (see Joseph 1 986 for southern Australian examples), mostly 

displaying strong phylogenetic linkages with marked differences between and 

similarities within Orders (but ct. Darwin's finches, Lack 1983). This diversity 

probably reflects alternate evolutionary strategies more than lack of specialisation 

for granivory. Within Orders, variation in bill shape and/or size is often strongly 

related and highly adaptive to diet (Hespenheide 1 966, Willson 1 97 1 ,  Pulliam 1 975, 

Lack 1 983, Joseph 1 986, Price 1 987, Smith 1987). 
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Grain is low in moisture, and although the production of metabolic water is possible 

(Dawson 1 98 1  ), most granivorous birds must drink daily. This dependence has 

encouraged considerable behavioural modification, for instance in predator 

avoidance in a situation of heightened vulnerability (Cade 1965). 

In environments where water supplies are unpredictable and sparse, selection 

favours long-distance mobility. In turn, mobility may demand dietary flexibility, 

which in turn selects against morphological specialisations associated with diet 

(Joseph 1 986). Morphological adaptation to specific diets may also be inhibited if it 

is occasionally necessary to seek alternative foods. Many and perhaps most 

granivorous birds consume some alternative foods, either on an occasional or 

seasonal or even regular basis, and many essentially non-granivorous birds 

consume seeds on occasions (Table 1-2). This spectrum of dependence on or use 

of seeds makes definition of membership of a granivorous bird guild difficult. 

1.3 Granivorous birds in the northern savannas 

1.3.1 Which birds? 

This study was framed to target a guild of north Australian savanna birds that are of 

conservat:on concern, as preliminarily defined in Table 1 - 1 .  Although ecological 

data for many of these species are lacking, all belong to primary granivore families 

(sensu Joseph 1 986) and all are thought to be highly-granivorous, terrestrial 

ground-foragers. However, in order to objectively define the species of concern 

and to characterise them ecologically, it is necessary to consider a broader group 

that those listed in Table 1 - 1 .  

To both broaden the scope of the study and yet to retain its focus, I have adopted 

an arbitrary but simple three-group classification of granivorous bird sub-guilds 

(Table 1 -3). Aquatic granivores have been totally excluded. For most purposes, I 

have considered only the fi rst two sub-guilds, "terrestrial granivores" and "arboreal 

granivores". However, "terrestrial omnivores" have been included in national 

biogeographic analyses (Chapter 2) to broaden and strengthen the overview of 

granivory in Australia. The first two sub-guilds contain all or selected 

representatives of all the primary granivore families in Australia (quail, button-quail, 

pigeons & doves, cockatoos, parrots, finches) plus only the Plains-wanderer 

(Pedionomus torquatus, Pedionomidae), whereas the third sub-guild also contains 

representatives of other families such as the Casuariidae and Otididae. 
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Table 1-2: Examples of relative dependence on seed amongst Australian 

birds. 

Scientific names of birds are given in Appendix 1 unless stated here. 

Species Other foods Reference 

Exclusively granivorous 

Flock Bronzewing 
Chestnut-quilled Rock-pigeon 
Budgerigar 

Frith eta!. 1 976 
Frith eta/. 1 976 
Wyndham 1980 
Morton & Davies 1983 Zebra Finch 

Primarily granivorous; other food items a minor contribution to diet 

Common Bronzewing 
Diamond Dove 
Cockatiel 
Diamond Firetail 

leaves, insects Frith et at. 1974 
leaves etc, animals Frith eta!. 1976 
charcoal, wood, bark, leaves Jones 1987 
green vegetation Read 1 994 

Primarily granivorous, but other foods an important part of the diet at times 

Stubble Quail 

Bar-shouldered Dove 
Peaceful Dove 
Squatter Pigeon 
Crested Pigeon 

Sulphur-crested Cockatoo 

invertebrates, leaves, 
buds & flowers 

rhizomes, leaves 
rhizomes, leaves 
insects 
leaves, arthropods 
fruit 
nuts, fruits, flowers, tubers 

& insect larvae 

Frith et at. (in Marchant 
& Higgins 1 993) 

Frith et at. 1976 
Frith et at. 1976 
Crome 1976 
Frith et at. 1974 
Reid 1 996 
Higgins & Myers 

(in prep.) 

Eastern Rosella 
Pale-headed Rosella 
Beautiful Firetail 
Red-browed Firetail 

fruits, flowers, animals Cannon 1981 
fruits, flowers, animals Cannon 1981 
green vegetation Read 1 994 
arthropods, green vegetation Read 1 994 

Partly granivorous, other foods :t as important 

Emu 

Major Mitchell's Cockatoo 

mainly fruit 
insects, fruit, leaves etc. 
roots, fruits, flowers, grubs 

Seeds occasionally consumed in small quantities 

Scaly-breasted Lorikeet mainly flowers 
Tric hoglossus ch lorolepidotus (= nectar or pollen?) 

Rainbow Lorikeet mainly flowers 
Trichoglossus haematodus (= nectar or pollen?) 
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Table 1-3: Definitions of granivore guilds used throughout this report. 

Guild 

1 .  "terrestrial granivores" 

2. "arboreal granivores" 

3. "terrestrial omnivores" 

Definition 

ground-foraging primary 

granivores 

arboreal-foraging or 

arboreal- and ground-

foraging primary 

granivores 

ground-foraging 

omnivores 

Taxonomy 

all quail 

all button-quail 

Plains Wanderer 

pigeons and doves 

cockatoos and parrots 

all finches 

all black-cockatoos 

cockatoos 

all rosellas 

parrots, esp. rosellas 

e.g. Emu, Bustard, 

Emerald Dove 

All native granivore species of the Australian mainland and Tasmania considered in 

this study are listed in Appendix 1 ,  with common and scientific names, families and 

their guild classifications. Classifications are in many cases arbitrary, but have 

been made in the light of available studies. combined with general reviews 

contained in lmmelmann (1 982), Blakers eta/. ( 1 984), Marchant & Higgins { 1 990, 

1 993) and Higgins & Davies (1 996). These classifications are summarised by 

family for Australia and northern Australia in Table 1-4. 

8 



Table 1-4: Summary of indigenous Australian granivorous birds included in 

this study, by family and guild (from Appendix 1 ). 

For each sub-guild, number of species in Australia is followed by the number of 

species in northern Australia. Australia is  defined as the mainland plus Tasmania 

and close off-shore islands. Northern Australia is defined narrowly to include only 

species characteristic of it (see Chapter 2 and Appendix 1 ); note also that many 

species of marginal occurrence to the northern savannas have been included in 

analyses in this thesis, for example for evidence of changes in abundance (Chapter 

3). 

Terrestrial Arboreal Terrestrial 
Family granivores granivores omnivores Total 

Casuariidae 
(emus & cassowary) 0 0 0 0 1 

Megapodiidae 
(mound-builders) 0 0 0 0 1 0 1 0 

Phasianidae 
(quail & allies) 3 3 0 0 0 0 3 3 

Otididae (bustards) 0 0 0 0 1 1 1 1 

Turnicidae (button-quail) 7 5 0 0 0 0 7 5 

Pedionomidae 
(Plains-wanderer) 1 0 0 0 0 0 0 

Columbidae 
(pigeons & doves) 13 12 0 0 2 2 15 14 

Cacatuidae (cockatoos) 5 3 9 4 0 0 14 7 

Psittacidae (parrots) 16 4 13 6 0 0 29 10 

Passeridae (finches) 18 14 0 0 0 0 18 14 

GRAND TOTAL 63 41 22 10 5 4 90 55 
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1.3.2 Ecology 

The annual extremes of the Wet and the Dry seasons, and in particular its effect on 

seed availability, are major themes in the ecology of granivorous birds in northern 

Australia. Seed production in annual grasses, some perennial grasses and 

probably also many herbs is strongly concentrated in the late Wet, forming a soil 

seed-bank that is available, albeit in diminishing quantity, throughout the Dry (Mott 

& Andrew 1985a, Andrew 1986a, Woinarski 1990, Woinarski & Tidemann 1991 ). 

Perennial grasses, in contrast, tend to seed either during the Wet season and often 

do not form persistent seed banks (Lazarides et a/. 1965, Destine unpubl. data), or 

in some cases in the mid-Dry (Beeton 1985). 

The onset of the Wet triggers the germination of Dry season soil seed-banks 

(Andrew & Mott 1983, Destine eta/. ms), and the period from the first rains to seed

set during the Wet may be a difficult one for many species. During the Wet, 

standing and often also soil seed banks are transient, creating a spatially and 

temporally dynamic flux in food availability even after seed-set has begun (Garnett 

& Crowley 1995, Destine unpubl. data) such that periods of abundance may be 

interspersed with critical food shortages. Evidence that the Wet can be a difficult 

time for granivores has been obtained for doves, cockatoos, parrots and finches 

(Beeton 1985; Garnett & Crowley 1994, 1995}. Species that are known or thought 

to be strictly granivorous during the Dry may diversify their diet to include insects 

and other foods during the Wet (Crome 1976, Garnett & Crowley 1995, Destine et 

al. ms}, may increase the variety of seeds consumed (Tidemann 1993a, Destine et 

a/. ms), may eat old or scavenged seed (Garnett & Crowley 1994, Destine unpubl. 

data), or may move in search of alternative foods (Beeton 1985, Garnett & Crowley 

1994, Dostine & Johnson unpubl. data). 

Another dynamic factor in the availability of seed for granivores is fire. The 

dynamic operates at several temporal scales. Granivores tend to congregate to 

feed on burnt ground (Braithwaite & Estbergs 1987, Woinarski 1990), and may 

even consistently avoid feeding under rank long grass (Chris Johnson pers. 

comm.). Granivores prefer to forage in areas burnt early rather than late in the Dry, 

probably because the less-intense fires of the early Dry destroy a smaller 

proportion of the soil seed-bank (Woinarski 1990) but perhaps also because late 

fires have a greater impact on the canopy and thus on available shade (Tidemann 

1993b). Dry-season fire may alter the subsequent Wet-season productivity of 

grasses, some grass species being dependent on fire to produce a substantial 
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seed-set, and others depending on an absence of fire to seed (Destine & Johnson 

unpubl. data). It may also affect the timing of seed-set in these species (Lazarides 

eta/. 1965). In the still-longer term, fire regimes may alter the composition and 

structure of the savanna (Mott & Andrew 1985a,b; Watkinson eta/. 1989). 

The intensity of cattle grazing may also affect seed-production and influence long

term pasture composition (Mott & Tothill 1993, Ash eta/. 1997, Walker eta/. 1997). 

Grazing may interact with fire, either inadvertently or through deliberate 

management, to further influence seed-production and pasture composition 

(Andrew 1986b). In some areas, grazing may provide a substitute for fire in 

exposing the soil seed-bank to granivorous birds. 

The availability of water may limit areas that can be occupied by granivorous birds 

even in the relatively well-watered northern savannas. This may be especially so 

for finches, which lack the strong powers of flight of many pigeons, cockatoos and 

parrots. Tropical finches display interspecific variation in both the diurnality of 

waterhole visits and in their method of drinking, and the latter may be adaptive to 

different patterns of water availability (Evans eta/. 1985, 1989). The drying out of 

waterholes as the Dry season progresses almost certainly forces granivorous birds 

to move. However, some evidence suggests that tropical finches (represented by 

the Gouldian Finch) may be less well-adapted to coping with water shortages than 

desert species (represented by the Zebra Finch; Dawson 1981 ). 

Surprisingly, given the temporal and spatial patchiness of seed and water 

resources, few granivores of northern Australia exhibit marked long-distance 

movement patterns, exceptions including the Budgerigar, Cockatiel and perhaps 

also the Flock Bronzewing and Red-tailed Black-Cockatoo. The occurrence of 

Budgerigars in northern Australia tends to be seasonal, with peak abundance in the 

early and mid Dry (Wyndham 1983) coinciding with peak soil seed-banks. 

However, relatively local resource-tracking movements may be the norm for a 

number of species, but have been documented only for the Little Corella (Beeton 

1985) and Gouldian Finch (Destine eta/. unpubl. data) with little indication as to the 

spatial scales at which birds operate. 

Not surprisingly given the dynamics of seed availability, most granivorous birds 

nest in the late Wet to mid-Dry seasons (Slater 1959, Frith & Davies 1961 b), but 

there are exceptions. Peaceful and Diamond Doves may breed in all months 

except the early Wet (Slater 1959), and the Black-throated Finch may breed during 
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the Build-Up and early Wet (Zann 1 976}. A wide variety of reproductive strategies 

and nest sites are strongly linked to phylogeny (see Chapter 4), but within-family 

differences have been documented (Tidemann & Woinarski 1994). The breeding 

of the Squatter Pigeon may be opportunistic (Creme 1976), but evidence suggests 

that many species display a strong and consistent seasonality (e.g. Tidemann & 

Woinarski 1 994). Moult may also be seasonal (Tidemann & Woinarski 1994, 

Franklin eta!. 1 998). 

There have been no studies specifically aimed at determining the presence or 

otherwise of food resource partitioning and interspecific competition in the species

rich granivore communities of northern Australia. Differences in diet exist between 

co-existing finch species (Tidemann 1987, Destine eta/. ms) and co-existing doves 

(Frith eta!. 1976). Gould ian and Long-tailed Finches overlapped in their choice of 

tree hol lows for nest sites, but the Long-tailed Finch is not restricted to the use of 

hollows and hollows are not limiting (Tidemann eta!. 1 992). The co-existence of so 

many species of granivorous birds (and other granivores) in the northern Australian 

savannas would appear to be a fruitful area for further research. 
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1 .4 Aims of the study 

The aim of this study is to identify and characterise any patterns in the change in 

status, and in particular the decline, of granivorous birds in the northern Australian 

savannas. This study is intended to provide background for field studies into the 

ecology of these species, the communities to which they belong and the 

ecosystems that support them, and to assist with the setting of priorities for this 

research. My study is therefore one step towards developing practical measures 

for the conservation of biodiversity and ecosystem processes in the region. 

In Chapter 2, I provide a biogeographic context for the study by defining and 

characterising the granivorous bird community of the northern savannas and 

relating them to the largely endemic Australian granivorous avifauna. I also seek 

biogeographic patterns within the northern savannas. 

In Chapter 3, I provide quantitative assessments of the status of the granivorous 

bird taxa of the northern savannas. The research question is: which 

species/subspecies are declining and which are increasing? These questions have 

not previously been addressed thoroughly, and never quantitatively, despite the 

classification of some taxa as threatened. 

Having identified declining taxa, in Chapters 4 and 5 I explore evidence as to 

whether the declines constitute a syndrome. What ecological traits do the declining 

taxa have in common (Chapter 4)? In Chapter 5, I identify a geographical pattern 

of decline. I also examine the timing of decline in the subtropical savannas and 

relate these to the pastoral and vegetation-clearing eras. 

In the Discussion (Chapter 6), I synthesise these results and place them in a 

national context. Directions for future research and the implications of the results 

for the ecologically sustainable development of the northern Australian savannas 

are also suggested. 
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Chapter 2: THE BIOGEOGRAPHY OF GRANIVOROUS BIRDS IN AUSTRALIA 

2.1 Introduction 

The study of the biogeography of Australian birds and other fauna has centred 

principally on the distribution of species richness and its environmental correlates 

(Pianka & Schall 1 98 1 ,  Nix 1 982, Gentilli 1992), identifying areas of endemism 

(Ford 1987, Cracraft 1 991 ), patterns of distribution of species, genera and families 

and how these relate to habitat and to the past distribution of habitats (Keast 

1981 a) and to the biogeographic regionalisation of the country (Kikkawa & Pearse 

1 969, Littlejohn 1981 ). Numerical studies of national patterns of bird distributions 

have been few (Kikkawa & Pearse 1 969, Pianka & Schall 1 98 1 ,  Gentilli 1992). 

Three principal biogeographic regions are recognised in Australia: the Torresian 

covering tropical and sub-tropical north and north-eastern Australia, the Bassian 

covering temperate Australia and the Eyrean covering the arid zone (reviewed in 

Littlejohn 1981 ,  Heatwole 1 987). The Torresian is sometimes further divided in a 

number of ways, focussing variously on isolating north-west Australia as the 

Timorian region, the wet tropical element of Queensland as the Irian or  the 

highland wet tropical element as the Tumbunan (Schodde & Calaby 1 972, Littlejohn 

1 981 ). Tasmania has sometimes been partitioned from the Bassian region 

(Kikkawa & Pearse 1 969), but Keast ( 1 981b) argued that there are few endemics 

and that the Tasmanian fauna is simply an impoverished island representation of 

the Bassian fauna. Temperate south-western Australia has been considered as a 

Bassian outlier or as Eyrean or an intergrade of the two. Other permutations have 

also been suggested (reviewed by Littlejohn 1 981 ). Keast ( 1 981  a) argued the 

limited relevance of these classifications, preferring more direct relationships 

between bird species and habitats. 

Overall, bush birds in Australia are most speciose in northern and eastern 

Australia, and this can be related to a range of measures of climatic variation 

including both temperature and rainfall variables (Pianka & Schall 1 981  ). In a study 

of world-wide patterns of avian species richness, Cotgreave & Harvey (1 994) found 

that there were usually more species in tropical areas. However, after removal of 

this climatic effect, residual species richness was particularly high in south-eastern 

Australia. They suggested this was because the south-east achieved climatic 

equilibrium much earlier than other parts of the continent. Keast ( 1 98 1 b) pointed 



out that amongst the plethora of environmental characters that promote species 

richness, the only consistency was that "highly speciose systems are commonly 

demonstrably old ones". Within Australia, there are marked differences between 

families and foraging guilds in the patterns of species richness. Nix (1 982) related 

these to a set of growth indices derived from climatic data for plants adapted to 

different climates, but the practical consequences of these remain unclear. 

Within northern Australia, Pleistocene climatic fluctuations created a series of 

habitat/aridity barriers that promoted speciation and subspeciation (Ford 1 978, 

1 986, 1 987). The residual and/or ongoing effect of these is a series of "areas of 

endemism" (Cracraft 1991 ), most notably featuring the Kimberley Plateau, Arnhem 

Land and Cape York Peninsula. However, Nix {1 982) argued for the overwhelming 

importance of current climate in determining the current distribution of Australian 

birds. 

Previous studies of the biogeography of Australian birds have paid little attention to 

granivores as a distinct guild despite their prominence in the Australian avifauna. 

Collectively, granivorous birds comprise about 20% of all Australian bush bird 

species (Chapter 1 and this chapter). Pianka & Schall { 1981)  noted that species 

richness of granivorous birds was greatest in the tropics and secondarily rich in 

southern Australia. Nix ( 1 982) found that species richness in each of pigeons and 

doves, parrots and finches could be related to plant growth indices, but that the 

appropriate growth index for parrots was different to that for the other two groups. 

Keast ( 1 981 a) discussed the origins and evolution of the main granivorous bird 

families in Australia. Granivorous bird species have featured prominently in the 

analysis of biogeographic barriers, refuges and areas of endemism (Keast 1981 a; 

Ford 1 986, 1 987; Cracraft 1 991 ). The slight consideration given to geographical 

variation in the ecology of granivory within Australia is most prominent in the work 

of Dawson ( 1 981 ), Morton & Davies {1 983) and Joseph ( 1 986), with a passing 

perspective on granivory in monsoonal Australia provided by Morton and Brennan 

( 1 99 1 ). 

In this chapter, I examine the relationship between the granivorous bird 

assemblages of the northern Australian savannas and those of other parts of 

Australia. I ask whether the former is distinct; and if it is, how can it be defined and 

characterised? These questions are considered in terms of the species richness 

and composition of the assemblage and of the main families and foraging sub

guilds, and patterns of endemicity. I also consider variation in these characteristics 
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within northern Australia, and explore the importance of choice of an association 

measure in the classification of assemblages. 

2.2 Methods 

2.2.1 Distribution data 

Analyses in this chapter are based on the presence/absence of 90 native species 

of granivorous birds (naturalised populations excluded, see Table 1 -4, Chapter 1 )  

at the scale of one degree of latitude and longitude. Degree blocks are 

approximately 1 00 x 100 km. Australia contains 812  degree blocks. 

Data were extracted from the Field Atlas of Australian Birds, which was collated by 

Birds Australia (formerly Royal Australasian Ornithologists Union) and summarised 

by Blakers et a/. ( 1 984). It is the most systematic documentation of the distribution 

of birds throughout Australia. Approximately 3,000 volunteer observers provided 

bird lists for the period 1977 to 1 981 inclusive, collectively recording birds at the 

species level for every 1 o block in Australia. Records were vetted for accuracy by 

Regional Organisers and project staff and observers were asked to substantiate 

geographically unusual observations with descriptions and other evidence. A 

l imitation to the value of the data set is that the intensity of coverage was very 

uneven, with less than 6 bird l ists for degree blocks in many remote areas, and 

greater than 50 lists (often very much greater) for those of most of south-eastern, 

eastern and south-western Australia (Fig. 7 in Blakers et a/. 1 984). Reasonable 

coverage (> 50 lists) was also achieved for scattered degree blocks in northern, 

north-western and central Australia. 

2.2.2 Classification techniques 

I classified granivorous bird assemblages (defined as the species present in degree 

blocks) throughout Australia using alternative association measures (section 2.3) 

and grouped degree blocks using Flexible UPGMA. In Flexible UPGMA, P was set 

at -0.1 as recommended by Belbin eta/. (1 992). The analyses were conducted 

with the program PATN (Belbin 1994). 
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Preliminary analyses were conducted to assess the sensitivity of the analysis to the 

association measure (Czekanowski coefficient cfthe Two-step algorithm, the latter 

using the standardised Manhattan difference for the second step), to determine the 

optimum minimum number of species per block for inclusion of blocks in the 

analyses and to develop a strategy for determination of final groupings. 

Preliminary analyses commenced with: a. all granivorous birds; b .  only degree 

blocks with at least 5 species; and c. a fifteen-group classification. 

Final analyses were conducted separately for "terrestrial granivores", "terrestrial 

and arboreal granivores" and "all granivores" as defined in Chapter 1 , there being 

insufficient species of arboreal and other granivores to permit robust analysis of 

these groups separately. 

2.2.3 Measures of species richness, distribution and endemism 

The distribution of species richness for granivores as a whole and for taxonomic 

and foraging group sub-sets was assessed using Field Atlas data for degree blocks 

in mainland Australia and Tasmania. Degree blocks with fewer than 6 lists or less 

than 10% land area were excluded. 

However, as the above measure is biased by the distribution of observer effort, I 

also calculated species richness as a proportion of the number of "bush bird" 

species for each 1 o block with greater than 40 species of "bush birds". This 

measure is relatively unbiased by the distribution of observer effort. "Bush birds" 

included all birds except exclusively aquatic and marine species, i.e the orders 

Galliformes, Struthioniformes, Falconiformes, Gruiformes [Otididae only], 

Turniciformes, Charadriiformes [Pedionomidae, Burhinidae, Glareolidae and 

Vane/Ius only], Columbiformes, Psittaciformes, Cuculiformes, Strigiformes, 

Caprimulgiformes, Apodiformes, Coraciiformes and Passeriformes. To emphasise 

underlying patterns, degree cell proportions were smoothed by replacement with a 

weighted mean of a moving window of 9 blocks, with the central block weighted 

triple, available adjacent blocks weighted double and available diagonal blocks 

weighted single. 

17 



Species distributions and endemism were considered nationally at the level of 

species and regionally within northern Australia at the level of both species and 

subspecies based on information provided by Blakers et al. ( 1 984) and historical 

records of distribution within northern Australia (see Chapter 3 for historic 

distributions). Subspecies followed the treatments of Blakers et al. ( 1 984) and 

Garnett ( 1 992). 

At the national level, species distributions were attributed to up to four regions, 

which are derived from a synthesis of classifications (section 2.4) and may be 

broadly considered as a. non-arid northern Australia including the sub-tropical 

savannas, b .  the temperate woodlands and mallee areas, c. the south-western 

and south-eastern forests, the latter north to south-eastern Queensland, and 

associated habitats (e.g. coastal), and d. the arid zone. In attributing distributions 

to regions, I took cognisance of both the geographic scope of distribution and 

secondarily to habitats occupied within that distribution, generally ignoring relatively 

small extensions of range into adjacent regions. Some arbitrary decisions were 

unavoidable. The raw attributions are presented in Appendix 1 .  A similar process 

of geographic attribution was undertaken for taxa endemic to the northern 

Australian savannas, utilising four sub-regions separated by well-understood and 

widely-accepted biogeographic barriers (Ford 1986, 1 987, Cracraft 1 99 1 )  and 

described, along with full results, within this chapter. 

2.3 Assessment of classification techniques 

2.3.1 Introduction 

Classification techniques do not produce absolute solutions. They are exploratory 

and do not test specific hypotheses. The results may reflect the method used as 

much as the data to which it is applied. Methods should be selected on the basis of 

their applicability and strengths in dealing with particular situations. The extensive 

literature on ecological classification techniques is summarised by Krebs ( 1 989). 

The general approach is to compare "cells" using an association measure 

(coefficient of similarity or dissimilarity) and then group the cells using a clustering 

strategy. 

1 8  



Association measures are susceptible to marked distortion when dealing with large 

variations in species-richness (Belbin 1 993}. This variation may be natural, or may 

be the product of uneven recording intensity. Field Atlas data was markedly 

variable in the species richness of granivorous birds, with degree block tallies 

ranging from zero (mainly in the Western Deserts) to 39 species (degree block 

26/150, Chinchilla, Old.). Even in areas of the Nullabor Plain for which more than 5 

lists are available, species richness was consistently less than 1 0  and sometimes 

as low as two (degree block 30/129). In northern Australia, species richness varied 

between extremes of less than 1 0  species to greater than 30 species. 

Belbin & McDonald (1 993) argued that the Czekanowski coefficient (= Bray-Curtis 

coefficient for presence/absence data; also known as the Coefficient of Sorenson, 

e.g. Krebs 1 989) combined with flexible UPGMA is the most generally applicable 

and robust classification procedure for presence/absence data. However, Belbin 

(1 993) demonstrated that the Czekanowski coefficient has quite serious limitations 

when cell species-richness varies markedly, using Atlas data on Australian birds as 

a specific example. In particular, it overemphasises differences between degree 

blocks with few species, creating excessive division based on as little as a single

species difference, whilst species-rich cells tend to remain clustered. 

A further problem with the Czekanowski and most other similarity coefficients is 

that they are symmetric; that is, the similarity of x to y is the same as the similarity 

of y to x. This may produce some distortions, for example, where there is little or 

no similarity between x, y and z, but x and y are both subsets of w whereas z is not 

a subset of w, no distinction is made between the similarity of x, y and z (Austin & 

Belbin 1 982). Thus, poorly surveyed degree blocks may be sub-samples of a 

richer fauna more completely recorded in another block, and these may be rated as 

being as dissimilar to each other as they are to a block that represents a sample of 

a quite different fauna. 

Austin & Belbin ( 1 982) developed the asymmetric Two-step algorithm specifically to 

minimise this problem. The Two-step algorithm assesses similarity by not only 

comparing data for each pair of cells, but for each cell with all other cells. They 

proposed it specifically for the analysis of species similarity from a data matrix of 

species x cells (e.g. quadrats), arguing against the universal applicability of 

similarity measures when data matrices are transposed precisely because of the 

inapplicability of symmetric matrices to species similarity. Possible theoretical and 

practical problems in the application of the Two-step algorithm to solving problems 
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in cell similarities (e.g. quadrats or degree blocks sorted by species) have never 

been formally assessed (Lee Belbin pers. comm.), although some raw analyses 

were presented by Belbin (1 993). 

2.3.2 Association measures 

In this section I compare the efficacy of the Czekanowski and Two-step similarity 

measures in sorting degree blocks by their granivorous bird species. If a measure 

emphasises species richness at the expense of species composition, then the 

within-groups coefficients of variation (c. v.) of species richness will tend to be 

smaller than an alternative measure that emphasises species composition over 

richness. I assumed that species composition will be less sensitive than species 

richness to the uneven intensity of recording of Field Atlas data, and therefore that 

higher within group c. v.'s reflect a more robust response to data biased by uneven 

intensities of recording. I therefore tested the hypothesis that the Two-step 

algorithm produces groups with higher c. v.'s than does the Czekanowski 

coefficient. 

Fifteen-group regionalisations for all granivores using a. the Czekanowski 

coefficient and b. the Two-step algorithm differ in many respects (maps Fig. 2-1 ,  

dendrograms Fig. 2-2). Both identify a broadly coherent tropical zone 

(Czekanowski groups 1 -5, Two-step groups 1-4) and an arid zone (Czekanowski 

groups 8-12, Two-step groups 1 2-15), but the boundaries of both these zones and 

groups differ quite markedly. The Two-step tropical zone displays distinct banding 

from the coast to the interior (groups 1 ,2 & 4 particularly), whereas the 

Czekanowski tropical zone is divided between the north-west (groups 4 & 5) and 

Queensland (group 3), the two largely separated by an intrusion of the arid-zone 

reaching the base of the Gulf of Carpentaria. Sub-regionalisation of the 

Czekanowski north-western Australia appears to relate to accessibility, groups 4 

and 5 corresponding to remote (group 4) and accessible (group 5) areas. An 

almost identical problem is evident in the arid zone, with remote areas separating 

markedly from more accessible areas according to species-richness in the 

Czekanowski analysis, with evidence of only a slight similar problem in the Two

step analysis. 
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Figure 2-1: Fifteen-group classifications of granivorous bird 
assemblages using alternative similarity measures. Note that there is 
no intended relationship between maps for groups with corresponding 
group colours/numbers - these are provided solely for intra-map 
comparisons with their corresponding dendrograms (Fig. 2-2). 
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The Czekanowki analysis (Fig. 2-1 a) has immediate appeal in classic 

biogeographic terms, fusing Eyre Peninsula with inland south-western Australia 

(group 13) and separating north-western Australia from tropical and sub-tropical 

Queensland. However, it failed to identify gradients within the tropical savannas 

and produced no coherent pattern within the arid zone. The coherence of uniformly 

species-poor Tasmania, apparently incoherent subdivision of the arid zone and the 

division of north-western Australia on what appears to be accessibility to observers 

suggests that the Czekanowski coefficient has indeed been more sensitive to 

species richness. 

Two Czekanowski groups (nos. 1 & 2) and four Two-step groups (nos. 3, 9, 1 0  & 

1 1 )  had fewer than 15 cells and/or were geographically incoherent (Table 2-1) and 

have been excluded from the analysis of coefficients of variation. Mean (± s.d.) 

c. v.'s were: Czekanowski, 0.231 ± 0.053; Two-step, 0.284 ± 0.081. Two-step 

group c. v.'s were significantly larger than Czekanowski c. v.'s (t = 1.94, d.f. = 22, 

one-tailed P = 0.032), confirming a stronger tendency for Czekanowski groups to 

aggregate on the basis of species richness. The effect of this is well illustrated 

within tropical Australia. In the Czekanowski analysis, groups 4 and 5 which jointly 

cover most of north-western Australia have very different mean numbers of species 

(12.1 vs 23.8) with little overlap in species richness between the groups (Table 2-

1). suggesting that separation has occurred on species richness. In contrast, 

groups 1. 2 and 4 in the Two-step analysis display a neat gradient in mean species 

richness (22.4, 20.4, 1 8.7) with extensive overlap in species richness (Table 2-1 ). 

the mean decreasing away from the coast. Because the Two-step algorithm was 

less sensitive to the variable sampling intensity of Atlas data than the Czekanowski 

coefficient, all subsequent analyses have been conducted using the Two-step 

algorithm. 

21 



Table 2-1: Species richness parameters for groups in 15-group 

classifications of granivorous bird assemblages using the Czekanowski and 

Two-step coefficients. 

Note that Group numbers across coefficients do not represent matched pairs, i.e. 

there is no particular relationship between Czekanowski group 4 and Two-step 

group 4. 

Czekanowski Two-step 

Group no. n mean s.d. c.v. min max n mean s.d. c.v. min max 

1 5 1 2.2 5.3 .43 5 21 56 22.4 6.1 .27 1 0  32 

2 4 8.5 0.5 .06 8 9 54 20.4 4.8 .24 8 27 

3 79 20.8 4.9 .23 9 32 1 1  8.6 2.5 .29 5 1 4  

4 30 1 2.1 3.8 .31 5 20 75 18.7 4.9 .26 5 29 

5 45 23.8 3.3 .14 17 32 31  28.7 5.9 .21 9 39 

6 52 25.2 6.3 .25 11  39 27 17.4 5.5 .31 9 27 

7 83 26.5 4.0 .15 15 34 63 27.1 3.9 .14 1 4  34 

8 92 13.7 3.1 .23 8 23 23 15.5 5.0 .32 7 23 

9 1 98 1 4.2 3.4 .24 5 23 2 1 2.5 1.5 .1 2 11 1 4  

1 0  32 6.5 1.4 .21 5 9 12 8.8 1.9 .22 5 12 

1 1  37 8.1 2.0 .25 5 1 2  1 5.0 5 5 

1 2  26 8.0 2.0 .24 5 1 2  173 14.1 3.7 .26 6 22 

1 3  37 17.4 3.7 .22 9 25 30 8.9 3.3 .37 5 1 7  

1 4  18  15.3 5.0 .33 5 22 144 1 1 .6 3.5 .30 5 1 9  

15  20 9.7 2.0 .21 5 13 56 14.6 6.5 .45 5 26 
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2.3.3 Effect of low species richness 

Distortion of biogeographic trends resulting from low species richness (especially 

where it is the result of under-recording) poses a threat to analyses even with the 

Two-step algorithm. This was demonstrated when I attempted to classify finch 

assemblages, many of which contain only one or two species, excluding only 

degree blocks for which no finches had been recorded. A plausible classification 

was produced, but with a very large number of geographic outliers and a UPGMA 

average increment and stress level that was 1 1  orders of magnitude greater that 

those for the maps in Fig. 2-1! PATN was unable to produce a dendrogram for this 

result. 

The consequences of selective removal of degree blocks at various thresholds on 

national coverage is shown in Table 2-2. With a minimum of 5 species, 53 degree 

blocks (7% of the total of 808) were excluded, whilst with a minimum of 1 0 species, 

181 blocks (22%) were excluded. Thirty-two degree blocks had less than 4 

species, but the cumulative total increases at an average of greater that 20 blocks 

for each additional species above 4. 

Table 2-2: Number of degree blocks from which only small numbers of 

granivore species were recorded during the Field Atlas. 

No. of species No. of degree blocks Cumulative no. of degree blocks 

0 2 2 

1 1 2  1 4  

2 1 0  24 

3 8 32 

4 21 53 

5 23 76 

6 1 7  93 

7 28 1 21 

8 27 148 

9 33 181 

10 31 21 2 
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Establishment of a suitable threshold is a trade-off between the viability of national 

coverage, viability of the analytical technique and the extent to which small species 

tallies could represent real assemblages. The rationale for the initial exclusion of 

degree blocks with less than 5 species from exploratory analyses was that gross 

under-recording was largely a problem of the arid-zone. In the arid-zone, five 

species of granivore are abundant, widespread and obvious (Diamond Dove, 

Galah, Cockatiel, Budgerigar, Zebra Finch) and all should generally be recorded in 

any basic survey during reasonable seasonal conditions. The 53 degree blocks 

lost under this regime were concentrated m
·
ainly in the Western Deserts (Fig. 2-1 ), 

a largely waterless area that is naturally poor in granivorous bird species (pers. 

obs.). Nevertheless, the Western Deserts are vast and the majority of their degree 

blocks remained in the analysis. The exclusion of 53 blocks does not appear to 

have seriously compromised generalisation at the national level. 

Next, I examined whether increasing the threshold to a minimum of 7 species 

produced a more obviously coherent result that might compensate for the loss of 

an additional 40 degree blocks. Under the 7-species regime, much of the Western 

Deserts region was excluded, as well as a patch of eight degree blocks in the 

Simpson Desert. The extent of the loss in the Western Deserts suggests that 

interpretation at the national level would be compromised. The 15-group 

classification (not presented here) was broadly similar to that with a 5-species 

threshold, with some improvement in coherence within the arid zone but insufficient 

to suggest that the arid zone could be meaningfully sub-divided. I concluded that 

the higher threshold was not justifiable, and conducted all subsequent analyses 

with the 5-species threshold. 

These and other preliminary analyses also indicated a high level of aberrance in 

coastal blocks with a very small land surface area. I therefore excluded coastal 

blocks with less than 10% land area, using GIS data. The degree block centred on 

24°30'S by 139°30'E (Bedourie, Queensland) also proved consistently aberrant, 

and was excluded. 
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2.3.4 How many groups? 

As stated earlier, I commenced preliminary analyses using a 1 5-group 

classification. Preliminary analyses (for example, above) suggested that 15 groups 

was more than the data quality could justify in terms of both intuitively pleasing and 

geographically homogenous groupings. This was evidenced particularly by the 

difficult-to-interpret subdivision of the arid-zone (Fig. 2-1) and the frequent 

production of several small, aberrant and geographically incoherent groups in other 

regions. The finally appropriate number of groupings, however, can only be judged 

by assessing a greater number and subsequently reducing that number; if you 

begin with a 5-group classification, one cannot assess the viability of finer divisions. 

I therefore conducted all final analyses using an initial cut of 1 5  groups. 

Any final classification involves subjective decisions about the meaningfulness of 

the groups and their relationships. It is generally considered desirable (e.g. Belbin 

1 993) to cut the dendrogram that depicts the relationship between cells vertically, 

producing groups that are more or less equally related to one another. However, 

this process is potentially misleading on two counts. 

The first is that hierarchical classification procedures produce only binary divisions. 

If one were to sort a series of vegetation quadrats collected from three intuitively

recognisable vegetation types (e.g. rainforest, eucalypt woodland and riparian 

paperbark forest), the classification would still begin by identifying two, not three 

assemblages. The assumption that this binary division truly represents equal 

ecological differences must be considered doubtful (Belbin 1 993). 

The second problem is that, as discussed in section 2.3.1, species-richness 

influences the measure of dissimilarity of groups. Belbin (1993) provides the 

example of a classification of plant communities in which some of the communities 

present are species-rich rainforest, whilst others are relatively species-poor 

woodlands. A vertical cut to the resulting dendrogram is likely to produce more 

groups within the woodlands than the rainforest, a result which might be considered 

unrealistic. With a steep gradient in species-richness of granivorous birds, a similar 

conclusion seems inevitable in this study. It may indeed be more ecologically

appropriate to employ a more subjective oblique cut to the dendrogram that depicts 

the relationship between groups. 
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In making final decisions about the validity of groups, a key consideration is 

geographic coherence (e.g. Whitehead et at. 1992). No spatial constraint was 

applied in these analyses and the data for each cell were collected largely 

independently of data collection for neighbouring cells. Nevertheless, neighbouring 

cells should tend to display strong similarities insofar as granivore assemblage 

composition is not random and many influential environmental characteristics and 

gradients occur at spatial scales considerably larger than the degree cells scale 

employed in these analyses, for example annual precipitation (Pianka & Schall 

1981 ). 

2.4 Classification of granivore assemblages 

Dendrograms of fifteen-group classifications for terrestrial, arboreal and terrestrial, 

and all granivorous birds (Fig. 2-3) demonstrate the existence of three distinct 

primary groups corresponding broadly to the arid zone, the southern forests and 

the (tropical and temperate) woodlands (Fig. 2-4). However, there was 

considerable variation in the boundaries depending on the granivore groups 

considered. In the north, the arid/tropics boundary was remarkably constant across 

all three analyses (Fig. 2-5), conforming closely to my northern Australian study 

area boundary (Chapter 3) in the west, but with the northern edge of the Barkly 

Tableland (Mitchell Grass Downs bioregion) in the central-east. In the south and 

especially the south-west, the arid-zone was variously defined to include or exclude 

the southern mallee areas. The southern forest zone varied greatly between 

analyses, variously including or totally excluding some degree cells in the south

west and either being confined within the south-east to Tasmania and the far south 

coast or extending up the east coast to south-east Queensland. 

Species richness was generally highest in the woodlands and lowest in the arid 

zone, but was highest in southern forests when all granivores were considered 

(Table 2-3). There was extensive overlap in species richness between the three 

primary groups in all analyses, suggesting that separation on species richness ( cf 

species composition) did not occur to any significant extent. 
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Figure 2-3: Dendrograms depicting the relationship between 
granivore assemblage classification groups. The dashed lines 
depicts the primary divisions and the dotted lines the secondary 

divisions depicted in Fig. 2-4. 
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Table 2-3: Species richness parameters for the primary (3-group) classification of granivorous bird assemblages. 

Group numbers are from the 15-group cut, as in Figs. 2-3 & 2-4. Parameters are summary characteristics of degree cells. 

Classification Group nos. Geographic summary 

Terrestrial granivores 1-7 tropical & temperate woodlands 

3-group cut 8-10 southern forests 

11-15 arid zone & mallee 

Arboreal & terrestrial 1-6 tropical and east temperate woodlands 

granivores 7-9 southern forests 

3-group cut 10-15 arid zone & mallee 

All granivores 1-7 all woodlands & mallee 

3-group cut 8-10 south-eastern forests 

11-15 arid zone 
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n 

291 

35 

349 

288 

48 

362 

297 

56 

370 

mean s.d. 

15.83 4.65 

10.74 3.77 

9.96 2.77 

19.12 5.90 

15.54 4.45 

11.43 3.75 

21.39 5.86 

23.25 8.42 

12.30 4.01 

min. max. 

5 26 

5 19 

5 16 

5 32 

7 24 

5 23 

6 34 

8 39 

5 23 



There were surprisingly few granivore species that were characteristic of either the 

arid or woodland zones (Table 2-4). Widespread arid-zone species were the Zebra 

Finch, Galah, Budgerigar, Crested Pigeon and Emu, but all were at least 

moderately widespread elsewhere; the Sulphur-crested Cockatoo and to a lesser 

extent the Double-barred Finch and Bar-shouldered Dove were notably of limited 

occurrence in the arid zone but widespread elsewhere. Widespread species in the 

woodland zone were also widespread elsewhere, with the exception (in terrestrial 

and arboreal & terrestrial granivore analyses only) of the Peaceful Dove. A few 

species were widespread in the southern forest zone but restricted elsewhere, 

notably the Eastern Rosella, Brush Bronzewing, Crimson Rosella and King Parrot. 

The lack of very clear definition of the primary divisions on either species richness 

or characteristic species suggests that division has occurred as much on the basis 

of shared differences from other cells (the second stage of the Two-step analysis) 

as particularly strong similarities between cells (the first stage). This provides 

considerable reassurance that use of the Two-Step algorithm has effectively 

minimised the impact of the inconsistent spatial distribution of survey effort. 

A finer scale of classification of granivore assemblages is evident from the 

dendrograms (Fig. 2-3) and shown in Figure 2-4. These correspond to a 7 -group 

classification of terrestrial and all granivores and an 8-group classification of 

arboreal and terrestrial granivores. In only the arboreal & terrestrial granivores 

analysis was the arid zone subdivided, with mallee areas of the south-west, south

east and Great Victoria Desert separated from the remainder. Coastal areas of 

Tasmania were separated from the remaining southern forest areas in two of three 

analyses, a difference which may reflect lower species diversity in the former areas 

(Table 2-5). 

The woodlands divided consistently into 4 sub-groups, centred consistently on a. a 

small set of tropical north-coastal cells, b. the tropical woodlands, c. the semi-arid 

tropics and sub-tropics and d. the temperate woodlands. The more humid sub

tropical woodlands, and some tropical Queensland coastal cells were variously 

classified with the tropical, semi-arid or temperate woodlands. The small set of 

tropical north-coastal cells tended to have fewer species than the adjacent tropical 

woodland cells (Table 2-5) and as most are relatively inaccessible it seems likely 

that this sub-grouping is an artefact of uneven survey effort and should be 

considered part of sub-group b. The resulting three groups are in the following 
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Table 2-4: Frequency of occurrence (percentage of degree cells) of 

widespread granivore species in 3-group classifications. 

Only species with a frequency of at least 50% in at least one group are listed. 

"Wdl" =woodland, "Frst" =forest, "Arid"= arid zone (classification groups as per 

Figures 2-3 & 2-4 and Table 2-3). "-" indicates that the species did not have any 

frequencies of at least 50% in that analysis. "--· indicates that the species was not 

included in that analysis. 

Terrestrial Arboreal & terrestrial All 
Species Wdl Frst Arid Wdl Frst Arid Wdl Frst Arid 

Peaceful Dove 97 20 47 99 31 44 87 70 44 
Galah 96 77 95 94 79 94 93 89 89 
Crested Pigeon 87 29 95 86 40 92 85 55 87 
Double-barred Finch 82 0 5 84 15 2 70 54 5 
Cockatiel 78 9 80 81 13 76 77 41 71 
Common Bronzewing 77 97 58 73 98 58 77 98 51 
Zebra Finch 76 6 98 77 13 95 74 45 94 
Bar-shouldered Dove 73 0 3 75 10 2 64 45 3 
Diamond Dove 69 0 68 73 6 63 63 30 64 
Little Corella 60 9 62 62 13 59 60 23 57 
Brown Quail 56 94 2 52 92 3 48 98 1 

Budgerigar 56 6 92 58 10 90 60 16 88 
Stubble Quail 50 69 25 44 75 25 48 79 19 
Painted Button-Quail 37 66 3 30 73 5 32 77 1 
Mulga Parrot 19 9 57 18 13 59 28 0 54 
Brush Bronzewing 17 100 3 11 98 5 17 75 1 
Blue-winged Parrot 13 69 5 13 50 5 
Beautiful Firetail 3 74 0 2 60 0 2 54 0 

Sulphur-crested Cockatoo 91 67 5 79 96 6 
Red-winged Parrot 78 4 6 67 23 10 
Red-tailed Black-Cockatoo 73 19 22 69 29 21 
Australian Ringneck 34 29 80 44 4 75 
Yellow-tailed Black-Cockatoo -- 26 71 1 19 98 <1 
Eastern Rosella 26 58 0 18 89 0 

Emu 79 50 82 

Bustard 70 4 78 

Red-browed Finch 26 77 0 

Red-rumped Parrot 29 66 9 

Diamond Firetail 29 63 <1 

Crimson Rosella 20 73 1 

King Parrot 14 71 0 

Glossy Black-Cockatoo 11 54 0 

Wonga Pigeon 6 64 0 
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Table 2-5: Species richness parameters for the secondary (7- or 8-group) classification of granivorous bird assemblages. 
Group numbers are from the 15-group cut, as in Figs. 2-3 & 2-4. Parameters are summary characteristics of degree cells. 

Classification Group nos. Geographic summary n mean S.d. min. max. 

Terrestrial granivores 1 most tropical woodlands 64 15.09 5.26 5 25 
7-group cut 2-3 some coastal tropical woodlands 12 10.92 4.91 5 19 

4-5 drier tropical & temperate woodlands 98 13.61 3.52 5 20 
6-7 temperate & sub-tropical woodlands 117 18.59 3.35 10 26 
8-9 southern forests 29 11.55 3.63 6 19 
10 coastal Tasmania 6 6.83 1.07 5 8 

11-15 arid zone & mallee 349 9.96 2.77 5 16 

Arboreal & terrestrial 1 coastal tropical woodlands 30 11.83 5.07 5 23 

granivores 2 sub-coastal Top End woodlands 49 19.82 4.32 10 28 

8-group cut 3-4 semi-arid tropical and sub-tropical woodlands 107 16.40 4.40 7 26 

5-6 eastern woodlands. 102 23.78 4.02 13 32 

7-8 south-eastern forests 34 16.09 4.83 8 24 

9 south-western forests 14 14.21 2.96 7 17 

10-13 arid zone 300 11.08 3.21 5 19 

14-15 mallee 62 13.13 5.34 5 23 

All granivores 1 coastal tropical woodlands 19 15.21 6.50 6 28 

7-group cut 2-3 sub-coastal tropical woodlands 96 21.66 5.66 8 32 

4 semi-arid tropical & sub-tropical woodlands 70 19.01 4.25 11 29 

5-7 temperate woodlands & mallee 112 23.71 5.45 8 34 

8-9 south-eastern forests 50 24.82 7.49 9 39 

10 coastal Tasmania 6 10.17 1.34 8 12 

11-15 arid zone 370 12.30 4.01 5 23 
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paragraph referred to as the tropical woodlands, hot semi-arid woodlands and 

temperate woodlands sub-groups. 

Characteristic species of the tropical woodlands are the Masked, Crimson and 

Long-tailed Finch, and in one analysis each, the Northern Rosella and Chestnut

breasted Mannikin (Table 2-6). It is noteworthy that few endemics of the tropical 

woodlands feature here, doubtless because most occupy only a limited sub-set of 

the tropical woodlands. This topic is explored in more detail in section 2.6.2. 

For temperate woodlands, in the terrestrial and arboreal & terrestrial granivores 

analyses, characteristic species were Painted Button-Quail, Diamond Firetail, Red

rumped Parrot, Red-browed Finch, Stubble Quail and Little Button-Quail, whilst the 

arboreal Eastern Rosella, Crimson Rosella, King Parrot and Yellow-tailed Black

Cockatoo were characteristic of the region in the arboreal & terrestrial granivores 

analysis. However, in the "all granivores" analysis there was a substantial shift in 

"characteristic species" corresponding to the inclusion of the south-west of Western 

Australia and the exclusion of all cells north of 26° South. Species occurring in 

both the south-east and south-west (Australian Ringneck, Mulga Parrot and Blue 

Bonnet) increased in prominence at the expense of species not found in the south

west (Red-browed Finch, King Parrot, Crimson and Eastern Rosella and Yellow

tailed Black-Cockatoo). 

No species was characteristic of the hot semi-arid woodlands, which for many 

species was intermediate between the tropical and temperate woodlands and also 

between the tropical woodlands and the arid zone. Examples of the former are 

frequencies of the Bar-shouldered Dove, Common Bronzewing, Long-tailed Finch 

and Little Button-Quail and of the latter Brown Quail, Bar-shouldered Dove, Long

tailed Finch, Chestnut-breasted Mannikin and Budgerigar. The geographic 

intermediacy of this sub-group in the north-west was constant across the three 

analyses on both its tropical and arid-zone boundaries. 
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Table 2-6: Frequency of occurrence (percentage of degree cells) of 
widespread granivore species in woodland classification sub-groups. 
"Trop" = tropical woodland, "HSA" =hot semi-arid woodland; "Temp" = temperate 
woodlands, as derived from the analyses (Fig. 2-3) and defined in the text. Only 
species with a frequency of at least 50% in at least one group are listed. "-" 
indicates that the species was did not have any frequencies of at least 50% in that 
analysis. "--" indicates that the species was not included in that analysis. 

Terrestrial Arboreal & terrestrial All 
Species Trop HSA Temp Trop HSA Temp Trop HSA Temp 

Peaceful Dove 100 100 93 100 99 99 100 100 66 
Bar-shouldered Dove 97 71 57 97 64 68 97 66 29 
Double-barred Finch 96 93 64 92 87 75 94 92 33 
Galah 87 99 98 82 99 98 86 100 96 
Masked Finch 74 7 0 70 4 4 51 6 0 
Diamond Dove 72 77 60 70 80 67 67 85 46 
Crimson Finch 72 12 4 71 9 7 56 13 0 
Little Corella 70 69 46 72 68 48 57 69 56 
Long-tailed Finch 67 22 0 66 19 1 
Brown Quail 61 26 79 53 25 79 59 25 53 
Cockatiel 57 86 86 57 87 92 63 89 84 
Common Bronzewing 57 69 97 48 67 99 62 63 100 
Crested Pigeon 55 98 97 54 98 98 65 100 96 
Zebra Finch 43 90 85 46 90 89 52 92 85 
Budgerigar 30 67 64 34 72 61 33 73 79 
Red-brewed Finch 16 10 72 14 6 79 
Little Button-Quail 7 38 62 9 38 61 10 41 70 
Stubble Quail 7 32 94 5 31 89 18 23 94 
Painted Button-Quail 3 9 83 3 7 75 10 6 71 
Red-rumped Parrot 0 20 74 0 23 75 0 18 64 
Diamond Firetail 0 19 76 0 18 76 5 15 62 

Red-winged Parrot 97 93 48 97 96 19 
Red-tailed Black-Cockatoo 97 82 44 97 85 32 
Sulphur-crested Cockatoo 97 79 98 97 77 63 
Northern Rosella 56 2 1 
King Parrot 4 4 59 
Crimson Rosella 3 4 67 
Yellow-tailed Black-Cockatoo -- 0 14 60 
Eastern Rosella 0 3 70 

Bustard 89 92 38 

Emu 63 77 97 

Chestnut-breasted Mannikin - 55 21 2 

Pale-headed Rosella 44 51 12 

Australian Ringneck 1 41 90 

Mulga Parrot 0 23 60 

Blue Bonnet 0 20 57 
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2.5. Patterns of species richness, species distributions and endemicity 

2.5.1 National patterns of species richness 

Notwithstanding the uneven intensity of recording during the Field Atlas, the 

distribution of granivores showed obvious concentrations of species both as a 

whole and for subsets of species. Granivores were most speciose in eastern and 

south-eastern Australia and secondarily in a smaller area of tropical north-western 

Australia (Fig. 2-6a). There was a lesser concentration in the south-west of the 

continent and minor peaks within a generally species poor arid-zone in the central 

ranges and the Pilbara. Species richness was low in Tasmania and very low in the 

Nullabor Plains area, and was generally inadequately recorded in the Western 

Deserts. A similar pattern is evident for terrestrial granivores alone (Fig. 2-6b) 

though with a relative strengthening of the tropical north-west relative to the east 

and south-east. Tropical northern Australia was species-poor in arboreal 

granivorous birds, with fewer than six species except in a few cells in the wet 

tropics of Queensland (Fig. 2-6c). Terrestrial granivores were more speciose than 

arboreal species throughout Australia, the latter having minor peaks only in the 

south-east and a limited area in the south-west. 

Quail, button-quail and the Plains-wanderer are difficult to detect and identify and 

the minimum criteria for inclusion (> 5 lists) appears to have been inadequate to 

fully allow underlying patterns to emerge (Fig. 2-?a). A perusal of broad 

distributions (e.g. from Blakers eta!. 1984) suggests that the south-east is indeed 

the most speciose region with seven species, but that northern Australia has four 

widespread species and four others with restricted or patchy distributions. A 

secondary peak in species richness may indeed occur in the south-west. Only the 

Little Button-Quail is widespread and common in the arid zone, but it was almost 

certainly under-reported, and several other species, most notably the Stubble 

Quail, were widely but sparingly reported. 

Granivorous pigeons and doves were most speciose in eastern, northern and 

north-western Australia and may be completely absent from parts of the Nullabor 

Plain (Fig. 2-?b). Granivorous and terrestrial cockatoos and parrots were most 

speciose in southern Australia, particularly in mallee and adjacent areas of the 

south-east (Fig. 2-?c). Finches displayed particularly marked variability in species 

richness, with up to 10 species recorded in cells in north-western Australia only and 

a secondary peak in eastern and north-eastern Australia (Fig. 2-?d). In contrast, 

33 



No. of species a. all granivores 
CJ O 
c::=J 1 - 5 

6- 10 
11 - 15 
16-20 
21 - 25 

.. 25 - 30 

.. 31-35 

.. 36 - 39 
EJ insufficient data 

c. arboreal 
granivores 

L 
u. 

r-

b. terrestrial 
gran1vores 

'"'" 

t-

Figure 2-6: Species richness of foraging groups of granivorous birds 
in Australia. 
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Figure 2-7: Species richness of pseudo-taxonomic groups of terrestrial-foraging granivorous birds in Australia. 



only three finch species occurred in the arid-zone and only one of these, the Zebra 

Finch, was widespread. As for pigeons and doves, finches were completely absent 

from substantial areas of the Nullabor Plain. 

Proportional species richness provides a measure of the relative prominence of 

granivorous birds and has the additional virtue of being largely independent of the 

intensity of recording activity. Granivorous birds were most prominent in the bush

bird avifaunas of the semi-arid and sub-humid monsoonal tropics and the inland 

sub-tropics (Fig. 2-8a). The pattern for terrestrial granivores displayed only minor 

shifts in emphasis (Fig. 2-8b). Arboreal granivores were most prominent in a range 

of patches throughout Australia except the arid zone (Fig. 2-8c). It is the only 

species richness measure in which Tasmania features positively and prominently, 

and the only measure in which south-western Australia lies in the highest class. 

The patchiness of the prominence of arboreal granivores within monsoonal 

Australia appears to be negatively related to accessibility to observers, suggesting 

a bias because arboreal granivores in the north-west tend to be obvious and 

common generalists, while terrestrial granivores are often rarer specialists. If this is 

so then monsoonal Australia did not feature arboreal granivores prominently, a 

result consistent with the raw measure of species richness (Fig. 2-6c). 

The relative prominence of taxonomic groups of terrestrial granivores demonstrated 

very different patterns of occupancy by three orders of birds (Fig. 2-9). Finches 

were strongly associated with the monsoonal tropics, pigeons and doves with the 

semi-arid tropics and cockatoos and parrots with the southern arid-zone. 

2.5.2 National patterns of endemicity and distribution 

Of 90 species of granivorous birds found in Australia, 72 (80%) are endemic to 

Australia (Appendix 1 ). One further species, the Stubble Quail, is now restricted to 

Australia, having become extinct in New Zealand in the 1870's (Biakers eta/. 

1984). A further seven species are near-endemic, being found naturally beyond 

Australia only in one of the following: the Lesser Sundas, southern New Guinea or 

New Caledonia. Amongst the major families of granivores, endemicity to Australia 

is particularly high amongst the parrots (Table 2-7). 
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Figure 2-8: Ecological groups of granivores as a proportion of all 
bush birds. Note that proportions have been smoothed (see Methods). 
The percentile classes each contain 20% of all degree cells, ranked 
on their proportions. 



percentile class 
CJ 1-20 
c=::J 21 - 40 
c=J 41 - 60 
.. 61 - 80 
.. 81-100 
CJ not classified 

c. finches 

b. "terrestrial" 
cockatoos 
& parrots 

Figure 2-9: Taxonomic groups of granivores as a proportion of all 
bush birds. Note that proportions have been smoothed (see Methods). 
The percentile classes each contain 20% of all degree cells, ranked 
on their proportions. 



Table 2-7: Distribution and endemicity of granivorous bird species in Australia by family and foraging group. 
Raw data are presented in Appendix 1. Regions are as defined in section 2.4.1 and correspond approximately to: 1 = non-arid northern 
Australia, 2 = the temperate woodlands including mallee; 3 = the southern and south-eastern forests, and 4 = the arid-zone. 0 = occurrence -
number of species; E = endemic - number of species (% of species occurring). Foraging groups are as defined in Chapter 1. 

Regions 
% endemic 1 2 3 4 

Family/foraging group No. of species to Australia 0 E 0 E 0 E 0 E 

Casuaridae 1 100 1 0 1 0 0 0 1 0 
Megapodidae 1 100 0 0 1 0 0 0 1 0 
Phasianidae 3 0 3 0 2 0 3 0 1 0 
Otididae 1 0 1 0 0 0 0 0 1 0 
Turnicidae 7 71 5 2 (40) 3 0 3 1 (33) 1 0 
Pedionomidae 1 100 0 0 1 0 0 0 1 0 
Columbidae 15 73 14 4 (29) 5 0 6 1 (17) 6 0 

Cacatuidae 14 79 7 0 9 3 (33) 6 2 (33) 5 1 (20) 
Psittacidae 29 97 10 5 (50) 14 6 (43) 8 4 (50) 10 4 (40) 

Passeridae 18 78 14 6 (43) 4 1 (25) 5 2 (40) 3 1 (33) 

terrestrial granivore 63 81 41 15 (37) 28 6 (21) 18 6 (33) 23 4 (17) 

arboreal granivore 22 86 10 2 (20) 10 4 (40) 11 4 (36) 4 2 (50) 

terrestrial omnivore 5 40 4 0 2 0 2 0 3 0 

TOTAL 90 80 55 17 {31) 40 10 (25) 31 10 (32) 30 6 (20) 
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Non-arid northern Australia has a larger number of species endemic to it than any 

other region of Australia, reflecting its greater richness of species overall (Table 2-

7). Proportional regional endemicity was higher in non-arid northern Australia and 

the southern and south-eastern forests than in the temperate woodlands and the 

arid zone. However, the number of species that are arid-adapted is probably much 

higher than indicated by the 20% endemism for the arid zone, as a number of 

species clearly have an arid-zone-centred distribution but commonly occur 

elsewhere as well, for example the Diamond Dove, Zebra Finch and Budgerigar 

(see also section 2.6.3). 

Non-arid northern Australia was particularly rich in terrestrial granivores and 

species-poor in endemic arboreal granivores, the reverse of the situation in the 

temperate woodlands and the arid-zone (Table 2-7). More button-quail, more 

pigeons and doves and more finch species are endemic to non-arid northern 

Australia than to all other regions combined, whereas this was markedly not the 

case for either cockatoos or parrots. 

The Australian distributions of 47 species of granivorous bird (52%) are restricted 

to only one of the four regions. Of the remainder, the most frequent combination of 

regions were all except the southern and south-eastern forests (9 species) and a 

combination of non-arid northern Australia and the southern and south-eastern 

forests (9 species). Surprisingly, only four species (Stubble Quail, Common 

Bronzewing, Peaceful Dove and Red-tailed Black-Cockatoo) occupy all four 

regions, and of these only the Common Bronzewing approaches having a truly 

national distribution. 

2.5.3 Patterns of species richness and endemicity within the northern Australian 

savannas 

Within the northern Australian savannas, there was considerable variation in 

patterns of species richness (Figs. 2-6, 2-7). Cape York Peninsula, and especially 

the northern half of it, stands out as aberrant, being species-poor in pigeons and 

doves, terrestrial cockatoos and parrots, and finches. The relative prominence of 

finches, a feature on northern Australia, was particularly patchy and often quite low 

on Cape York Peninsula, and northern Cape York Peninsula had a low relative 

prominence of pigeons and doves (Fig. 2-9). The brigalow belt of Queensland was 
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relatively rich in arboreal granivores (Fig. 2-8), but had a lower relative prominence 

of pigeons and doves, and finches. Coastal areas of the north-west often displayed 

less emphatic trends than adjacent sub-coastal areas. This was especially so in 

measures of relative prominence (all measures except arboreal granivores), which 

was probably the case because the non-granivorous bush bird faunas of coastal 

areas were bolstered by species associated with mangals and monsoon forests. 

Of the 33 granivorous bird taxa (17 species and approximately 21 subspecies) that 

are endemic to northern Australia (Table 2-8), none is confined to or even 

preferentially occurs in the wet tropics and all excepting the Red-browed Finch N. t. 

minor are essentially savanna birds. However, there is little correspondence 

between the distributions of these taxa and the total distribution of these savannas. 

An apparently discrete north Australian population of the Red-tailed Black

Cockatoo may be the sole exception, but its taxonomic status is unclear. The 

distribution of the Red-winged Parrot quite closely corresponds with these 

savannas but extends further south into central New South Wales and north into 

southern New Guinea, as also does that of the Chestnut-breasted Mannikin. The 

combined distributions of each of two sibling species pairs, the Northern/Pale

headed Rosella and Long-tailed/Black-throated Finch also correspond closely to 

the entire northern Australian savanna. Three endemic species (and no 

subspecies) occupy a substantial but nevertheless incomplete portion of the 

tropical savannas only, the Masked and Gouldian Finches and Pictorella Mannikin. 

Ford (1978, 1986, 1987) documented historical, and in some cases current, 

geographical barriers within northern Australia and I have summarised data of 

particular relevance to granivores. Northern Australia contains four major 

biogeographic sub-regions, the Kimberley, the Top End, North Queensland and 

southern Queensland. The Kimberley extends marginally into the Northern 

Territory in the vicinity of Keep River. The Stokes Range area of the Victoria River 

District (N.T.) is a bridge between the Kimberley and the Top End with affinities to 

both (but perhaps more the former), and with one endemic subspecies of its own, 

the Stokes Range race of the White-quilled Rock-Pigeon. The Top End is isolated 

from north Queensland by the comparatively arid Carpentarian Divide, but effective 

placement of the Divide varies by 400 km amongst granivorous birds, a 

phenomenon which probably reflects recent and differential reoccupation following 

the lessening of aridity over the last 20,000 years (Nix & Kalma 1972) as well as 

local physiographic variation. Furthermore, a number of pairs of sibling 

granivorous bird taxa are in contact across this "divide". A further feature of the 
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Table 2-8: Granivorous bird taxa endemic to non-arid northern Australia. 
Occurrence within tropical savannas: K =Kimberley, TE =Top End of Northern 
Territory, NQ =tropical north Queensland. These are biogeographic not political 
regions - see Methods (section 2.2.3}. 

Occurrence 
_tropical_ 

Species/subspecies K TE NQ sub-tropical 

Species 
Chestnut-backed Button-Quail X X 
Buff-breasted Button-Quail X 
Partridge Pigeon X X 
Squatter Pigeon X X 
White-quilled Rock-Pigeon X 
Chestnut-quilled Rock-Pigeon X 
Pale-headed Rosella X X 
Northern Rosella X X 
Golden-shouldered Parrot X 
Hooded Parrot X 
Paradise Parrot X 
Long-tailed Finch X X 
Black-throated Finch X X 
Masked Finch X X X 
Yellow-rumped Mannikin X X 
Pictorella Mannikin X X X 
Gouldian Finch X X X 

Sub-species of endemic species 
Partridge Pigeon G. s. blaauwi X 
Partridge Pigeon G. s. smithii X 
Squatter Pigeon G. s. peninsulae X 
Squatter Pigeon G. s. scripta X 
White-quilled Rock-Pigeon P. a. albipennis X 
White-quilled Rock-Pigeon P. a. boothii X 
Black-throated Finch P. c. nigrotecta X 
Black-throated Finch P. c. atropygialis X 
Black-throated Finch P. c. cincta X X 
Masked Finch P. p. personata X X 
Masked Finch P. p. leucotis X 

Sub-species of non-endemic species 
Red-tailed Black-Cockatoo C. m.? (see text) X X X X 
Little Corella C. s. sanguinea X X 
Sulphur-crested Cockatoo C. g. fitzroyi X X 
Cloncurry Parrot (Australian Ringneck) 

B. z. macgillivrayi aberrant distr., ± tropical savanna only 
Double-barred Finch T b. annulosa X X 
Crimson Finch N. p. phaeton X X 
Crimson Finch N. p. iredalei (= N. p. phaeton?) X X 
Star Finch N. r. ruficauda X 
Red-brewed Finch N. t. minor X 
Chestnut-breasted Mannikin L. c. assimilis X X 

38 



Top End is the presence of a distinct topographic refuge from aridity in the Arnhem 

Land Plateau (Ford 1987, Freeland et a/. 1988), and one granivorous bird species, 

the Chestnut-quilled Rock-Pigeon, is confined to it. 

The biogeography of areas to the east of the Carpentarian Divide is more complex 

and less categoric. The most prominent historical boundary seems to have been 

provided by the Burdekin-Lynd uplands and adjacent areas inland from Townsville, 

which may have been effective due to a combination of altitude/temperature effects 

and aridity (Ford 1986). Hybridisation of sub-species across this divide is 

commonplace, as for example in the granivorous Black-throated Finch and Squatter 

Pigeon. To the north, a lesser barrier (the Normanby Barrier, Ford 1986) isolated 

some populations to the north and west of Cape York Peninsula, for example the 

White-bellied race of the Crimson Finch. Areas to the south of the Burdekin-Lynd 

Divide may be broadly termed sub-tropical, though the Divide occurs at 

approximately 20° South, about 300 km north of the Tropic of Capricorn. 

The Carpentarian Divide appears to have played a much more substantial role in 

speciation and sub-speciation than any ecological or historical distinction between 

the tropical and sub-tropical savannas. Only four taxa endemic to the northern 

Australian savannas occur on both sides of the Carpentarian Divide, whereas 16 

occur to the west and 13 to the east of it (Table 2-8). Sixteen of the 33 endemic taxa 

are restricted to a single sub-region, three to the Kimberley, three to the Top End, 

seven to North Queensland and three to the sub-tropical woodlands south of the 

Burdekin-Lynd Divide. 

The distribution of only one endemic taxon, the Cloncurry Parrot, does not conform 

to the broad patterns described above. This distinct subspecies has a limited 

distribution centred on the Mount lsa uplands, an aridity refuge within the 

Carpentarian Divide (Ford 1987). 
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2.6 Discussion 

2.6.1 Granivorous bird assemblages 

As judged principally by geographic coherence and the more subjective criterion of 

interpretability (see below), analysis of granivorous bird assemblages based on Field 

Atlas data and using the Two-step algorithm and flexible UPGMA produced sharp 

and apparently robust 3-group classifications with potentially useful further divisions 

up to 7 or 8 groups. This was achieved notwithstanding the uneven intensity of 

coverage available from the Field Atlas. Application of the Two-step algorithm (in an 

innovative context) demonstrably minimised but did not eliminate problems 

associated with natural and artificial gradients in species richness and the inability to 

objectively distinguish the two. It also avoids the pitfall of giving weight to shared 

absences. A stark example of the problems that giving weight to shared absences 

can cause is that in the analysis of Australian land bird communities, Kikkawa and 

Pearse (1969) reported that, at the species and superspecies level Tasmania was 

most similar to arid Australia! 

Geographic coherence was not uniformly distributed across all my analyses, but 

improved somewhat with an increase in the number of species included in the 

analysis (terrestrial - 61 spp., arboreal & terrestrial - 82 spp., all granivores - 87 

spp.). This suggests that, at least with Field Atlas data with its limitations of  uneven 

coverage, classification of small assemblages may be inappropriate, and it is for this 

reason that I did not attempt to classify arboreal granivores or granivores by family or 

order alone. 

Nevertheless, there were striking similarities in the three classifications produced, 

doubtless reflecting in good part the common core of 61 terrestrial granivore species 

in all analyses. The most marked variations relate to the affinities of the south-west 

Australian and mallee faunal assemblages, the geographic extent of the south

eastern forest assemblage, and the affinities of coastal Queensland within the 

woodland group. That the addition of just five species to the "arboreal & terrestrial 

granivores" analysis produced marked changes in all these areas, as well as the 

inconsistent treatment of coastal Tasmania, demonstrates the incremental nature of 

variation in the faunal assemblages and the essentially arbitrary way classification 

procedures divide them. The useful outcome of these classifications is not so much 

in defining the precise geographic extent of separate assemblages as identifying the 

number and nature of distinct assemblages. 
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These classifications identified three distinct core granivorous bird assemblages, 

those of the woodlands, southern forests and arid-zone, though with the partial 

exception of the southern forests, these were not sharply defined in terms of 

characteristic species. In the tropics and arid-zone, endemic species appear to have 

had little influence on the classifications, reflecting the generally restricted 

distributions of these species. Some further subdivision appears possible, most 

particularly in identifying a distinct temperate and a tropical woodland avifauna and 

perhaps also a particularly depauperate and distinct avifauna in coastal Tasmania. 

The intermediacy of the semi-arid tropical woodlands and southern mal lee areas was 

well-defined and thus probably meaningful. Recognition of further divisions based 

on these data set appears unsupportable. 

The primary division of the Northern Territory into a northern, high-rainfall and a 

southern, semi-arid region, and the inclusion of the Barkly Tableland into the latter is 

consistent with the classification of land bird assemblages by Whitehead et a/. 

(1992). At a national level, my classifications produce quite different results to those 

of Kikkawa and Pearse (1969), differences which appear to be largely attributable to 

the different analytical techniques employed. For reasons exemplified in the case of 

the associations of the Tasmanian avifauna discussed above, I believe the methods I 

have employed to be more appropriate. 

The classification of granivorous bird assemblages produced both consistencies and 

inconsistencies with classic zoogeographic regionalisations (e.g. Littlejohn 1981, 

Heatwole 1987). My arid zone is quite consistent with the Eyrean zoogeographic 

region. A broadly defined Torresian region is clearly recognisable, but extends 

further south into central New South Wales than is generally accepted. Separation 

of a Timorian region in north-west Australia is not supported, although it was during 

preliminary analyses using the Czekanowski coefficient. My southern forest zone 

corresponds with a very narrowly-defined Bassian region. However, the position of 

the temperate woodlands is clearly anomalous. In traditional zoogeographic 

classifications, these would be regarded as either part of a broadly-defined Bassian 

region or as intermediate between the Bassian and Eyrean. However, the 

granivorous bird assemblage of these areas displays strongest affinities with the 

Torresian element of northern Australia. My analysis provides no support for 

recognition of Tasmania as a distinct zoogeographic region, consistent with Keast 

{1981 b). The importance sometimes given to Tasmania as a faunal region is based 

largely on the analyses of Kikkawa and Pearse {1969, but see also Littlejohn 1981 ), 
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which I suggest are spurious. For granivorous birds at least, Tasmania is occupied 

by a depauperate subset of the southern Victorian fauna with limited vicariance 

(Green cf Crimson Rosella) but no speciation, reflecting its recent isolation, relative 

lack of distinct vegetation and perhaps also limited resources for granivores. 

2.6.2 Patterns of species richness 

In this chapter I have analysed patterns of species richness using real data from the 

Field Atlas (Biakers et at. 1984). Previous analyses of avian species richness in 

Australia have relied on the imposition of a grid over either coarse-scale distributions 

maps from field guides (Pianka & Schall 1981 and data revisited by Gentilli 1992), an 

apparently analogous but ill-defined process using Atlas maps (Cotgreave & Harvey 

1994), or quite fail to state their methodology (Nix 1982). The advantage of the 

approach used here is that, unlike previous authors, I have employed real data. 

However, a potentially serious disadvantage is the uneven intensity of coverage. 

Pianka & Schall (1981) imposed a grid of squares 240 x 240 kilometres over 

distribution maps from Slater (1971, 1975). The small scale and lack of definition 

(plus the uncertain knowledge of many species) of these distribution maps means 

that many of their cells are likely to have had species incorrectly attributed to them. 

The coarser scale of Pianka & Schall's grid should also lead to higher species tallies. 

Although not presenting Atlas data on species richness, Gentilli (1992) did compare 

Pianka & Schall's data and Atlas data (Biakers eta/. 1984) by overlaying isopleths 

derived from them and subtracting the differences. Not surprisingly, Atlas data 

produced almost invariably lower species richness tallies, typically 50 to 90% of 

Pianka & Schall's tallies but sometimes less than 40% and in a small area near 

Melbourne, greater than 110%. Gentilli attributed much of the difference to chance 

factors associated with the (relatively) short-term nature of the Atlas project, noting 

without detail a correspondence between areas subject to drought during the Atlas 

period and a lack of concordance between the two methods. However, areas where 

concordance was poorest could equally well have been those that were least well 

surveyed during the Atlas period. For example, extreme discordance occurred in a 

small area of Cape York Peninsula, in the Western Deserts and in the Simpson 

Desert, all remote areas, whereas extensive areas of strong concordance were the 

east and south-east and south-west of Australia where most observers live. 
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The cumulative number of species recorded from a degree cell is related to the 

number of lists for that cell in a classic though asymptotic relationship in which most 

of the species are identified by relatively few lists (Biakers eta/. 1984, p xxxiv). My 

exclusion of cells with fewer than 6 lists from consideration of simple species 

richness tallies appears to have been successful in eliminating the grossest 

distortions attributable to under-recording, except for elusive groups such as quail 

and button-quail. It permits general comparisons of species richness patterns, but 

did not produce data amenable to quantitative analysis such as undertaken by 

Pianka & Schall (1981 ) . The much greater variability in species richness between 

degree cells within northern Australia (and especially north-western Australia) 

compared to south-eastern Australia is without doubt attributable in large part to less 

even, and generally less intense, recording. The extent to which it might also reflect 

small-scale heterogeneity in species richness resultant from locally-restricted 

distributions of specialists is unclear, but such heterogeneity does appear to exist. 

Presentation of species richness as a proportion of the entire land bird assemblage 

is a relatively unbiased way of analysing Atlas data. It does not, of course, directly 

measure species richness, but rather relative prominence of particular groups within 

bush bird assemblages. It has considerable potential for assisting with the definition 

of the nature of resources provided by particular environments and the way in which 

faunal groups are peculiarly adapted to particular environments. It may also provide 

inferential evidence of geographic displacement or replacement of related foraging 

groups such as has been demonstrated or proposed at a variety of taxonomic and 

geographic scales (Brown eta/. 1979, Nix 1982, Morton 1985). 

My analysis of species richness at the degree cell level suggests that north-western 

Australia and coastal Queensland rather than northern Australia in general is a major 

centre of granivorous bird species diversity within Australia. However, species 

richness was lower than for eastern and south-eastern Australia, a result that does 

not appear entirely attributable to lower intensities of recording in the north because 

maximum richness was also lower. In contrast, Pianka & Schall (1981) found that 

granivorous birds were most speciose in tropical Australia, and at a regional level, 

non-arid northern Australia was markedly more speciose than other regions of 

Australia (Table 2-7). The differences are differences of scale. Because northern 

Australia contains many species with distributions restricted to only a portion of its 

area, a trend much less marked in other parts of Australia, species richness 

continues to accumulate with area for much longer than elsewhere. 
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Proportionally, granivore bird species richness in Australia is greatest in the sub

humid and semi-arid monsoonal tropics, with outliers in the Pilbara and the inland 

sub-tropical woodlands. Differences between the geographical spread of 

proportional and absolute granivorous bird species richness may reflect disparities in 

the mechanisms that maintain species richness in granivorous birds and most other 

land birds (e.g. insectivores, nectarivores, frugivores). In general, avian alpha 

(within-habitat) diversity (Whittaker 1977) is maximised by structural complexity of 

habitat and gamma (mixed habitat) diversity by the presence of a range of habitats 

(e.g. MacArthur 1964). However, the reverse may be true for terrestrial granivores, 

with species richness tending to be greatest in structurally simple and extensive 

habitats such as woodlands. 

Granivore diversity may be positively related to diversity of seed types and seed 

patchiness states (Brown et at. 1979, Morton & Davies 1983) and perhaps only 

secondarily to gross habitat diversity. Morton and Brennan (1991) observed that a 

monsoonal climate favours grass and herb species richness both because of the 

predictability and seasonality of rainfall. Aseasonal rainfall and especially high 

aseasonal rainfall may promote vegetation types such as rainforest and shrublands 

that exclude grass, which may be why avian granivore species richness peaked at 

intermediate levels of growth indices (Nix 1982). Pianka & Schall (1981) compared 

tt'le environmental relationships of granivorous bird species richness and all birds 

species richness in Australia, with both responding identically to annual precipitation, 

annual hours of sunshine and the annual coefficient of variation in rainfall, but 

opposite in response to annual temperature and frost free days. Granivore species 

richness was positively correlated with temperature and the number of frost-free 

days. This analysis is at least partly consistent with the patterns noted in this study. 

The very different patterns of species richness in terrestrial cf arboreal granivores 

warrants explanation. Not surprisingly, arboreal granivores are more speciose in 

woodland and forest areas of the south-east and south-west than in the adjacent arid 

zone. But any such trend between the wooded tropics and adjacent arid areas is at 

most slight, and the wooded tropics are less speciose than the forests and 

woodlands of the south-east and south-west. There are no ecological data that 

address this seeming anomaly, but it seems likely that a. the highly seasonal 

climate, tendencies to deciduousness cf sclerophylly of the trees (Williams eta/. 

1997), scarcity of serotiny and general absence of supra-annual carry-over of fruit on 

trees (Williams eta/. in press) and fire-proneness render the tropical savannas a 

difficult environment for arboreal granivores, and b. the relative unreliability of seeds 
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from grasses and forbs in the arid zone ( cf monsoonal tropics) may encourage 

proportionally more arid zone granivores to be generalist terrestrial and arboreal 

foragers (and thus classified here as "arboreal"). 

The geographic distribution of species richness in pigeons/doves was essentially 

similar to that of finches but virtually complementary to that of terrestrial-foraging 

cockatoos and parrots, a finding parallel to that of Nix (1982). The trend was even 

clearer when relative prominence was considered, but with some separation between 

pigeons/doves and finches: finches are most prominent in tropical woodlands, 

pigeons and doves in the semi-arid tropics, and cockatoos and parrots in the 

southern arid-zone. The small size and relatively weak flight of finches may have 

discouraged speciation in poorly-watered areas, but the ability of some species to 

feed from standing grass may be a distinct advantage in a monsoonal (tall-grass) 

environment. The heat tolerance of the Diamond Dove and Spinifex Pigeon, both 

species prominent in the semi-arid tropics, is exceptional and markedly greater than 

that of the co-occurring Zebra Finch, itself a desert-adapted species (Dawson 1981, 

Schleucher 1993); it is well-suited to the sustained and extreme heat encountered in 

the semi-arid tropics. Feasibly, the strong bills and inter-specific variation in bill 

shape of cockatoos and parrots (see Joseph 1986) permits dietary flexibility and 

diversity, which combined with strong powers of flight renders them particularly 

suited to the southern arid zone where rainfall is lower and less reliable than further 

north. These postulations are, of course, highly speculative, as is the tempting 

analogy to granivores in North American deserts, where competitive displacement 

between granivorous ants and rodents has been demonstrated experimentally as 

well as correlatively (reviewed in Brown et a/1979). 

2.6.3 Patterns of distribution and endemicity 

Many granivorous birds have distributions centred on the arid zone (e.g. Galah, 

Budgerigar, Diamond Dove), but few are endemic to it. Those that are endemic to 

the arid zone generally have quite restricted distributions within it, as for example the 

Princess, Scarlet-chested and Bourke's Parrots. I t  seems likely that extremity and 

particularly the unpredictability of the arid-zone environment favour generalists over 

specialists, and generalists are also able to exploit habitats adjacent to the arid zone. 

It is noteworthy that a number of these "arid-zone" species are increasing in range 

both in southern Australia (Biakers et at. 1984) and, in the case of the Galah and 

Crested Pigeon, in the north as well (Chapter 3, this study). 
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In that its endemics tend also to have restricted distributions, the northern savannas 

parallel the arid zone. However, in contrast to the arid zone, both proportional and 

absolute endemism is high. The distribution of endemics of the northern savannas is 

strongly related to past climatic barriers and refuges but only weakly related to gross 

habitat specialisation (the Rock-Pigeons are the notable habitat specialists). 

Endemism of granivorous birds in the temperate woodlands is both absolutely and 

proportionally low, and that of the southern forests absolutely fairly low. However, if 

the two are considered together in a classic broadly-defined Bassian zoogeographic 

region, endemism (22 species, 37% of species present) exceeds that of the northern 

savannas. The Eastern Rosella is a classic example of an eastern Bassian species. 

Within the Bassian region, endemics tend to be a. widespread (e.g Brush 

Bronzewing, Eastern Rosella); b. or restricted by gross habitat specialisation (e.g. 

Regent Parrot, Beautiful Firetail); or c. restricted by current gross geographic 

barriers (i.e. the Nullabor Plain and Bass Strait). 

2.6.4 Summary 

The granivorous bird assemblage of the northern Australia savannas displays 

considerable affinities with that of temperate woodlands and contrasts markedly with 

the assemblages of the arid zone and the southern and south-eastern forests. 

Granivore richness is high and that of terrestrial-foraging granivores, pigeons and 

doves and especially finches outstandingly high. High levels of richness are most 

apparent at larger spatial scales and many species have restricted distributions 

within the northern savannas. Endemism is high, and many endemics have quite 

restricted distributions. 
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Chapter 3: A COMMUNITY IN DISARRAY: EVIDENCE OF THE CHANGING 

STATUS OF THE SPECIES 

3.1 Introduction 

The evidence of change to the avian granivore communities of northern Australia is 

limited and entirely anecdotal. Blakers eta/. (1984) and Garnett (1992) provided 

brief summaries of the status of selected species. More thorough reviews of 

individual species are surprisingly scant. The tragic history of the Paradise Parrot 

has been quite well documented (Chisholm 1922, Vernon 1971, Isles 1997), and 

more or less comprehensive listings and reviews of the scant records of the Buff

breasted Button-Quail and south-eastern subspecies of the Star Finch N. r. 

ruficauda are available (Rogers 1995, Holmes 1996). Some historical review 

material is available concerning the Flock Bronzewing (MacGillivray 1932) and the 

north-west Kimberley subspecies of the Partridge Pigeon G. s. blaauwi (Johnstone 

1981 ). Intense and targeted field surveys have focussed on the Gouldian Finch 

(Tidemann 1993a, Dostine unpubl. data), the Golden-shouldered Parrot (Weaver 

1982, Garnett & Crowley unpubl. data) and the south-eastern subspecies of the 

Star Finch (Homes 1996). 

The basis, then, for Garnett's (1992} classification of threatened taxa is at best 

tenuous. This is reflected in that, of 14 granivorous birds of tropical woodlands that 

he considered to be threatened, six were classed as "Insufficiently Known", i.e. they 

could not be classified as "Endangered", "Vulnerable" or "Rare" because of lack of 

information. This proportion (39%) stands in contrast with his national average of 

19% of threatened bird taxa being judged "Insufficiently Known". The need for 

more thorough and preferably quantitative evidence concerning changes in status 

is clearly a conservation priority. Cursory assessments of historic changes in 

abundance may prove incorrect (Bury & Corn 1995), with potential for the mis

allocation of scarce conservation resources. 

There have been many approaches to assessing change in the abundance and 

distribution of species, but only a few are quantified, applicable to broad geographic 

scales and make use of historical records. One approach has been to make use of 

surveys such as the North American Breeding Bird Survey (Maurer 1994) and the 

British Trust for Ornithology's Common Birds Census (Greenwood eta/. 1994). A 

now extensive literature expounds various techniques for their analysis (e.g. Maurer 



1994, Villard & Maurer 1996, James eta/. 1996, Thomas 1996). Of course, such 

analysis may only be performed in areas where the data has been collected, and 

northern Australia is not one of them. Another limitation is that the available data 

are all relatively recent, the North American Breeding Bird Survey dating from about 

1966. In an effort to utilise historic data, Solow {1993), Burgman eta/. {1995) and 

McCarthy (1998) developed a set of statistical techniques based on runs tests and 

probabilities associated with an end to the run to infer decline or extinction from 

sighting or museum skin data. However, even in their most sophisticated form, 

McCarthy {1998) argued that their use was primarily "when expert opinion is limited 

or not available". 

Peters (1979) attempted to use reporting rates (the proportion of lists on which a 

species occurred) to demonstrate change in the abundance of the Regent 

Honeyeater Xanthomyza phrygia, but encountered serious problems of bias. 

McGowan eta/. (1998) compared a number of simple indices of change in 

abundance and range for South-east Asian partridges and pheasants, and found 

significant concordance between these techniques. 

In this chapter I review changes in the distribution and abundance of each of the 

granivorous birds of the Australian tropical and sub-tropical woodlands. Where 

data permit, I provide quantitative evidence of historical and recent distributions and 

abundance. In appropriate instances, these analyses are complemented or 

replaced by reviews of individual records. Distribution is assessed at the one

degree level, consistent with the Atlas of Australian Birds (Biakers et a/. 1984). 

Abundance is assessed using reporting rates corrected or controlled for several 

potentially major sources of bias that arise when they are applied to historic 

records. 
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3.2 Methods 

3.2.1 Study area 

"Northern Australia" was defined as the 19 bioregions containing a predominance 

of tropical savanna or woodland (Anon. 1996), plus the subtropical woodlands of 

the Brigalow Belt South bioregion in Queensland (Fig. 3-1; bioregions after 

Thackway & Cresswell 1995, listed in Table 3-1}. Brigalow Belt South was included 

because of evidence of similarity in the avian granivore communities (Chapter 2) 

and the apparent similarity of process in the decline of avian granivores - for 

example the Paradise Parrot disappeared during the pastoral era rather than in the 

subsequent era of land clearance - see Chapter 5 for more detail. The tropical 

bioregions Wet Tropics and Central Mackay Coast have been excluded both by 

Anon. (1996) and myself on the basis that the predominant vegetation is rainforest 

and/or wet sclerophyll forest. 

The area was further trimmed by the removal of peripheral degree blocks along the 

landward boundary of the study area with generally less than 50 records in the 

database (see below), and peripheral degree blocks along the seaward boundary 

with very little land area and fewer than 15 records. 

3.2.2 Data 

I compiled a database of historical records of granivorous birds for the study area. 

Records were obtained from generic sources (Birds Australia Field Atlas database 

[see Chapter 2 for background], the Birds Australia Historical Atlas and the Parks & 

Wildlife Commission's Northern Territory Fauna Database) and from individual 

references. 

The Historical Atlas is a largely unpublished databank (see Blakers et a/. 1984) 

consisting of an enormous compilation of historical records from the literature, 

Australian, American and British museums, observers and a number of 

unpublished manuscripts. From it I manually extracted all pre-1951 records and 

(because of time constraints) every tenth list for the period 1951-1976. In addition, 

I obtained details of all Historical Atlas records of the following infrequently

recorded species: Chestnut-backed Button-quail, Buff-breasted Button-quail, 
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Figure 3-1: The study area (heavy line), with bioregional classifications after Thackway & 
Cresswell (1995}. Bioregion codes (two or three letters} are expanded in Table 3-1. 



Golden-shouldered Parrot, Hooded Parrot, Paradise Parrot and Yellow-rumped 

Mannikin and all northern Australian Historical Atlas records of the Night Parrot. 

Table 3-1: Bioregions included (and some excluded) from the study area 

(Fig. 3-1). 

Code Bioregion State(s) 

Included BBN Brigalow Belt North Old 

BBS Brigalow Belt South Old 

CA Central Arnhem NT 

CK Central Kimberley WA 

CYP Cape York Peninsula Old 

DAB Daly Basin NT 

DEU Desert Uplands Old 

DL Dampierland WA 

EIU Einasleigh Uplands Old 

GFU Gulf Fall & Uplands NT,Qid 

GUC Gulf Coastal NT, Old 

GUP Gulf Plains Old, NT 

MGD Mitchell Grass Downs Old, NT 

Mil Mount lsa Inlier Old, NT 

NK North Kimberley WA 

OVP Ord-Victoria Plains NT, WA 

PCA Pine Creek-Arnhem NT 

STU Sturt Plateau NT 

TEC Top End Coastal NT 

VB Victoria-Bonaparte NT, WA 

Excluded CMC Central Mackay Coast Old 

SEQ South-east Queensland Old 

WT Wet Tropics Old 
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The Northern Territory Fauna Database includes all records of the Biological 

Records Scheme to 1993 as well as Northern Territory records from the Museum & 

Art Gallery of the Northern Territory, Australian Museum, Queensland Museum, 

South Australian Museum, Museum of Victoria and the Australian Wildlife 

Collection (CSIRO) and records from 28 published and unpublished fauna surveys, 

many of which are Environmental Impact Statement surveys. 

I searched historical references held by the Bioregional Assessment Unit of the 

Parks & Wildlife Commission of the Northern Territory, the CSIRO Tropical 

Ecosystems Research Centre library and journals and references held in the Birds 

Australia library in Melbourne for additional records of granivores. In addition, I 

consulted the following bibliographic references for details of further source 

material: McGill (1953), Hall & Thies (1979), Estbergs (1980), Staff et a/. (1981), 

Blakers et a/. (1984), Fisher & Fisher (1986) and Smyth (1997). Either by direct 

search or inclusion via generic sources, journals examined for records included: 

Australian Bird Watcher, Australian Zoologist, Corella, Emu, Northern Territory 

Naturalist, Queensland Naturalist, Queensland Ornithological Society Newsletter, 

Sunbird, Western Australian Bird Notes, and Western Australian Naturalist. Many 

original sources were consulted to obtain additional detail even though the basic 

information was available from the generic sources. A list of direct data source 

references (approximately 200) is given in Appendix 2. Note that many additional 

references were available but were not specifically consulted because they had 

already been incorporated into the generic sources. Records were carefully vetted 

to exclude duplicate records arising from alternative secondary sources or from 

both a secondary and original source. 

For each record I noted the species, month, year, latitude, longitude, bioregion and 

reference details, as well as notes of breeding, exact location and comments on 

abundance where available and of interest. Where a degree cell contained both 

excluded and included bioregions, so far as was possible I attributed bird records or 

lists to their correct bioregion and included or excluded them on this basis. The 

database was edited for invalid species codes, latitude, longitude and bioregion 

entries, and for invalid combinations of latitude, longitude and bioregion by the 

program check.prg (Appendix 3). Records with a common source, date and 

location were attributed a common list number either manually during data entry, or 

by the program listno.prg (Appendix 3) with some manual editing for records from 

generic sources. 
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A database in which records consist of lists rather than species records was 

derived from the historic database using the program lists.prg (Appendix 3). Each 

species recorded in the study area was allocated a field and its presence or 

absence recorded for each list. Details of date, location and reference were 

transferred from the historic database. The program also summed the number of 

granivore species on each list and inserted the tally into the lists database. 

The database of historic records used in subsequent analyses contained 61 ,201 

records, and the database of historic lists 11 ,392 lists. Both records and lists were 

heavily concentrated in the Field Atlas period of 1977 to 1981, but there were more 

than 7,500 records and 2,500 lists prior to 1977 (Table 3-2). Although there was 

great variability at the one-degree cell level in the number of records, the broader 

spatial distribution of records was surprisingly even during both the pre-1977 and 

post-1976 periods (Fig. 3-2). A particularly strong concentration of records in the 

north-western Top End since 1976 (Fig. 3-2b) is attributable to the combined 

contribution of the Field Atlas (all areas) and Biological Records Scheme (NT only), 

with Darwin a centre of observer activity. 

Table 3-2: Historical composition of the database of granivore records for 

northern Australia. 

Time period No. of records No. of lists 

pre 1901 956 385 

1901 - 1950 2,403 697 

1951 - 1976 4,338 1,465 

1977- 1981 41 '134 7,150 

1982 - 1997 12,370 1,695 

TOTAL 61,201 11,392 
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a. 1800 - 1976 

b. 1977- 1997 

No. of records 

Figure 3-2: Numbers of records of granivores pre
and post- 1/1/1977. 



3.2.3 Analysis of distributions 

From the lists database, I created a distribution database in which records are for 

degree block cells and each species is indicated as absent, recorded only prior to 

1977 (historic), recorded only since 1 January 1977 (recent) or recorded both 

historically and recently. Results were plotted as maps in the GIS program 

Arc View. 

The rationale for treating records prior to 1977 as historic was that the Birds 

Australia Field Atlas began on 1 January 1977. Given the large observer effort 

involved in the Field Atlas compilation, if a record exists for a degree block prior to 

1 January 1977 but not since, a prima facie case may be considered to exist for 

range contraction. Note that this is a pragmatic distinction not intended to define a 

priori the timing of decline. 

Preliminary results were screened for outliers in time and space. Questionable 

records were traced back to their original source and vetted on the available 

evidence. 

For each species or population, the number of degree cells with only historic 

records was compared to the number of degree cells with only recent records using 

a one-tailed binomial test. Prior to conducting the analysis, I deleted degree cells 

that contained no historic records of granivorous birds (n = 7, Fig. 3-2a). There 

were no cells lacking recent records and only three cells with less than 11 records 

(Fig. 3-2b). The null hypothesis was that the number of cells with only historic 

records did not exceed 50% of the combined total of the two classes, with oc = 0.05. 

It could be argued that, given that the test is applied to 60 species (non-native 

species excluded) and a number of subspecies and populations, that a severe 

Bonferroni correction should be applied, setting the effective oc at less than 0.001 

(0.05/60+). However, given the vast predominance of recent records over historic 

records (Table 3-2), this test for range contraction is extremely conservative, 

although by an unknown amount. Moreover, the number of degree cells available 

for analysis is very small for many species and populations, severely limiting the 

prospect of achieving a significant result. 
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A more precise (i.e. less conservative test) was not possible because the 

relationship between the number of records and the likely presence of a species 

record for a cell is complex, undefined and likely to be idiosyncratic at both the 

species and degree cell levels. For this reason plus the predominance of recent 

over historic records, no valid statistical measure of range expansion was possible. 

3.2.4 Analysis of reporting rates 

Reporting rates are the proportion of lists on which a species is recorded. They 

provide a simple method for quantitative analysis of presence/absence data, and 

have proven quite effective even when records are not collected using standardised 

procedures. Blakers eta/. (1984) and Emison eta/. (1987) used them to 

demonstrate seasonal shifts in frequencies of a range of bird species, using Field 

Atlas data. 

There are a number of problems, however, when applying reporting rates to historic 

data (Peters 1979). These include changes over time in observation methods, the 

geographic distribution of search effort, the relative frequency of lists of different 

lengths, the seasonality of records, and the lack of independence of reporting rates 

based on the granivore community and changes to the granivore community. It is 

not possible to eliminate all biases in a quantitative analysis of the historic record. 

However, the worst potential biases must be addressed or at the very least their 

consequences considered. In these analyses, geographic bias and the effect of list 

length have been dealt with pre-emptively, the interaction of geography and list 

length as an element of the analysis and others are considered post hoc in the 

Discussion (section 3.4.1 ). 

As a first step I eliminated all lists of less than 3 species. The aim was to preclude 

lists that were biased samples of the community, for example when a museum 

collector targeted a particular species, or surveys targeted a rare species. 

To identify (and subsequently minimise) geographic bias, I examined the 

geographic spread of lists for four time periods for each of the 20 bioregions of the 

study area (Table 3-3). The inevitable biases are obvious. Examination of the two 

pre-1977 periods revealed a gross bias in the relative representation of the periods 

in the North Kimberley area. The relatively large number of lists for the 1951-1977 

period was due largely to two surveys - Storr eta/. (1975) and Johnstone eta/. 
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Table 3-3: Number of lists for bioregions over four time periods. 

Only lists with 3 or more species are included. Bracketed numbers are the number 

included in analyses after geographic editing where this differs from the unedited 

total - the bracketed total for 1977-1981 includes records since 1981 as well. 

Bioregion 1800-1950 1951-1976 1977-1981 1982-1997 TOTAL 

Brigalow Belt North 15 15 666 (120) 4 700 (150) 

Brigalow Belt South 40 63 1189 (412) 1 1293 (515) 

Cape York Peninsula 40 30 218 1 289 

Central Arnhem 1 3 10 2 16 

Central Kimberley 8 7 87 (60) 3 105 (75) 

Daly Basin 8 6 90 (56) 54 158 (70) 

Dampierland 29 1 1  259 (160) 1 300 (200) 

Desert Uplands 5 6 179 (44) 0 190 (55) 

Einasleigh Uplands 10 15 411 (100) 15 451 (125) 

Gulf Coastal 3 8 6 36 53 

Gulf Plains 22 17 259 (156) 1 299 (195) 

Gulf Uplands 15 17 68 (97) 98 198 (129) 

Mitchell Grass Downs 23 21 405 (176) 56 505 (220) 

Mount lsa Inlier 7 15 173 (88) 0 195 (110) 

North Kimberley 6 45 (22) 91 12 154 (131) 

Ord-Victoria Plains 8 5 159 (52) 65 237 (65) 

Pine Creek - Arnhem 19 38 274 (228) 197 528 (285) 

Sturt Plateau 12 19 74 (90) 68 173 (121) 

Top End Coastal 34 33 269 (268) 483 819 (335) 

Victoria - Bonaparte 10 18 195 (112) 58 281 (140) 

TOTAL 315 392 (369) 5082 (2595) 1155 6944 (3279) 
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(1977). As each publication was a survey of a discrete area, I fused these lists into 

single lists. The 1982-1997 records are extremely patchy, being heavily 

concentrated in the Northern Territory and in the Top End Coastal bioregion as a 

result of the contribution of the NT Fauna Database and the Biological Records 

Scheme in particular. I therefore eliminated all Biological Records Scheme 

records. I also eliminated all post-1981 lists for the degree block 12/130 (Darwin) 

because of their superabundance and strong urban bias. I then combined the two 

recent time periods into a single "recent" (post-1976) time period. 

To even out the geographic spread of the ratio of recent lists and the two historic 

periods, I combined the historic periods and examined the ratio of the historic to 

recent records. Taking advantage of the relative abundance of recent lists, these 

were then edited down to a maximum of four lists to each historic list. The ratio of 

4:1 was selected to minimise loss of records; five bioregions had fewer than four 

recent lists to each historic list, but these were all poorly surveyed bioregions 

(Table 3-3) that are likely to have only a small influence on the results. The editing 

was done using the program sample.prg (Appendix 3) in which a random number 

generator was used to identify lists for deletion and the process repeated until only 

the required number of lists remained for each bioregion. The bioregional 

parameters for the program's operation were specified in another database 

( edittots. db f). 

In these analyses I treat list length as a proxy for search effort. The frequency 

distribution of lists according to their length was broadly similar for the four time 

periods (Figure 3-3). However, close examination reveals that there was a 

markedly higher proportion of long lists for the historic periods than for the recent 

periods. The consequence of this bias, if not corrected, would be that many 

species would show a lower reporting rate in recent times simply because there 

were proportionally fewer detailed surveys in which they could be detected. The 

solution to the problem of variable list lengths adopted in this study is to express 

reporting rates as a function of list length. A disadvantage of this approach is a 

much-reduced ability to discriminate between reporting rates for small subsamples 

of lists and rarer species. Reporting rates are presented graphically as functions of 

list length and reporting rates compared between time periods using log-linear 

analysis. 
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Reporting rates were generated for each species for which there were sufficient 

records (see pooling criteria for reporting rate graphics and log-linear analysis 

below), along with selected subspecies and populations. Initial analyses for each 

species were performed using only lists from bioregions for which the species was 

recorded in the edited lists database. Where log-linear analysis produced a 

saturated model (see below) the analysis was repeated using only lists from degree 

cells from which the species was recorded. Where possible and appropriate a 

further step was to repeat the analysis using only "core" degree cells - those from 

which the species was recorded both historically and recently (pre- and post 1977 

respectively). A similar approach was taken with subspecies and populations 

except that analysis commenced at the degree cell level. 

There are some biases associated with the choice of bioregions or degree blocks 

as the level for inclusion in the analysis. Because there are markedly fewer 

bioregions than degree cells (20 cf 200) the chances of biasing the analysis 

towards areas which have only recent records by dint of the greater abundance of 

recent records is minimised. The potential artefactual increase in reporting rates 

due to the inclusion of more cells with only recent records than cells with only 

historic records should be slight because it is most likely to occur in areas where a 

species is uncommon and therefore there are few extra occurrences to register in 

the reporting rates. Subsequent analysis of "core" areas sheds light on this 

potential problem for increasing species, as well as shedding light on the 

geography and nature of decline in decreasing species. 

On the other hand, analysis at the bioregional level increases the potential for bias 

or distortion due to the interaction of geography and list length, a problem that is 

discussed under the topic of log-linear analysis below. 

Reporting rates were generated using the program specsums.prg (Appendix 3), as 

were rank correlation coefficients for each function and tabulated data ready for 

log-linear analysis. For graphical presentation, lists were pooled from longer lists 

downwards into groups of at least 15 (residual lists were backpooled into the last 

class), the mean list length and reporting rate calculated for each group, and the 

function shown as a plot of the reporting rate for each group within each time 

period. Each function was subjected to preliminary vetting (a: = 0.25) to ensure a 

positive correlation between list length and reporting rate (the more detailed the 

survey, the more likely it is that a species will be detected) using a one-tailed 

Spearman rank correlation test. Functions with fewer than four points (including 

57 



single-point functions) were accepted provided that all steps from one list length 

group to the next longer group were either positive or neutral. Functions that failed 

to qualify have not been presented or analysed except where specifically stated 

otherwise. Further, more thorough vetting of the adequacy of the relationship 

between list length and reporting rate was conducted as part of the log-linear 

modelling process (below). 

Changes in reporting rates over time were assessed using Log-linear Modelling, 

also known as Multi-Way Frequency Analysis (Tabachnik & Fidell 1989). Log

linear modelling is a multidimensional extension of Chi-square contingency 

analysis. In these analyses, the dimensions are time period, list length, and 

reporting rate (expressed as the categories "listed" and "not listed"). To ensure 

adequate expected cell frequencies (Tabachnik & Fidell 1989), list length classes 

were pooled from the longest list downwards to ensure that each observed 

frequency was at least 5, with the "residual" classes back-pooled if required to 

meet the same criteria. Where the pooling process and a paucity of records led to 

a reduction of the dataset to a single list length class, removing all correction for list 

length bias, no analysis was conducted. 

Log-linear modelling was performed in the program Statistica (StatSoft 1995). 

Delta was set at 0 as recommended by Tabachnik & Fidell {1989). Models were 

accepted as being a good fit to the data if P exceeded 0.1 0, and effects 

preliminarily accepted if P was less than 0.05. The analysis is hierarchical, with all 

possible effects included in the initial model. Highest order effects are then 

progressively removed if not contributing significantly to the modelled fit in a 

manner analogous to step-down multiple regression. 

In these analyses I am interested only in the effect of time period (historical, recent) 

on reporting rate. List length appears as a variable simply to control for its effect. 

Final models should (and always did) include a significant list length/reporting rate 

interaction - confirming that detectability is related to survey effort (via its surrogate 

list length). The effect of time on reporting rate appears in a model as the time 

period/reporting rate interaction. 

However, log-linear analysis has a number of possible outcomes. The first is a 

saturated model, in which time period and list length interactively affect the 

reporting frequency (i.e. there are significant third-order effects). A saturated 

model demonstrates that reporting frequencies do not change in a consistent 
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manner between time periods and was usually evident in the graphical presentation 

of reporting rates as functions that were markedly divergent. An outstanding 

example of a high-quality dataset (i.e. one producing parallel function lines) was 

provided by the Peaceful Dove (see Results), whereas an unsatisfactory 

divergence that led to a saturated model was provided by the Common Bronzewing 

(not presented). The problem arises most frequently because the geographically 

uneven distribution of list lengths has interacted with geographic variation in 

change in reporting rates or extreme geographic unevenness in the abundance of 

the species. Thus log-linear analysis provides an effective statistical test for the 

severity of a bias that I was unable to vet a priori. The only valid conclusion from a 

saturated model is the conservative one - of no change in reporting rates. 

However, in practice it frequently proved possible to overcome these geographic 

distortions by restricting the analysis to geographic areas that were more 

homogenous with respect to the problem, for example by restricting lists to degree 

cells in which the species has been recorded rather than bioregions, or considering 

subsets of its distribution such as core areas, or by separating subspecies or 

populations. 

The second possible outcome is a model which contains only second- and first

order effects but does not include the second-order effect of interest (the effect of 

time period on reporting rate). In this case, the conclusion is that there is no 

significant difference in reporting rates between time periods with P > 0.05, but the 

exact probability is unknown. 

The third possible outcome is a model which includes the effect of time period on 

reporting rate but contains no significant third-order effects. In this case, reporting 

rates may be said to have varied between time periods. The level of significance of 

this effect was determined by re-running the model with the time period - reporting 

rate effect removed, subtracting the chi-square value and degrees of freedom of 

the first model from the maximum likelihood Chi-square value and degrees of 

freedom of the second, and assessing the result using a Chi-square table of values 

(Tabachnik & Fidell 1989). For example, a best-fit model that includes no third

order effects (i.e. is not saturated) but all three second-order effects (tl, lr and tr, 

where t = time period, I= list length and r = reporting rate) was re-run testing the fit 

of the model tl, lr, whereas a best fit model lr, tr is re-run testing the fit of the model 

t lr (in this case the solo variable tis retained so as to ensure the retention of all 

first-order effects; I and r are automatically retained via the second-order effect lr 

because the model is hierarchical). 
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Because I performed more than 100 separate log-linear analyses, a Bonferroni 

correction in which oc = 0.05/1 00+ = < 0.0005 is appropriate (Snedecor & Cochran 

1980). The need for an even more conservative approach is suggested by the 

partial dependence of list length on reporting rate even though reporting rate was 

treated as the dependent variable. I have argued elsewhere (section 3.4.2} that 

this potential "problem" is of minor consequence. Nevertheless, because of these 

considerations I have set oc for the effect of list length on reporting rate at 0.0001. 

For the determination of the best-fit models (cftesting a specific hypothesis) I have 

retained a oc of 0.05; this retention should also facilitate identification of species or 

populations whose abundance may have changed and which should therefore be 

monitored carefully. 

3.2.5 Presentation of results 

General statements about a species distribution beyond the study area or its 

endemicity to the Australian tropical woodlands, along with subspecific 

classifications, follow Blakers eta/. (1984) unless stated otherwise. "Core areas" 

for a species or population are those degree cells for which it was recorded both 

historically and recently. With reference to time periods, "early" means prior to 

1951, "intermediate" means between 1951 - 1976 inclusive, "historic" means prior 

to 1977 (i.e. "early" and "intermediate" combined) and "recent" means after 1976. 

Where the number of cells with only recent records was at least as great as those 

with only historic records this is stated as "no evidence of range contraction". 

Where the number of cells with only historical records exceeded the number with 

only recent records, this is reported as a "significant range contraction" if the 

excess was significant at oc = 0.05 in a one-tailed binomial test, and otherwise as 

"no significant range contraction". 

For log-linear analysis, results are presented only for the test of the significance of 

the time period - reporting rate interaction (see section 3.2.3). Chi-square values 

and probabilities are given for all P < 0.05 but only probabilities < 0.0001 are 

treated as significant. However, Chi-square values and probabilities are not 

provided in more detail than "P > 0.05" where that is the case because the effect 

did not appear in the best-fit model and the Chi-square value for its significance is 
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therefore not readily calculable. Graphic presentation of reporting rates is 

restricted to non-saturated models. 

As in the previous chapter, degree cells are identified using only the co-ordinates of 

the top left corner of the cell separated by a "/"; i.e. 16/130 means the degree cell 

centred on 16°30' South by 130°30' East. Latitude and longitudes are presented as 

"S" (degrees South) and "E" (degrees East) respectively. See Figure 3-1 for the 

position of latitude and longitude on the distribution maps. 

An "early" decline or increase means that reporting rates for the intermediate and 

recent periods were similar (as determined from examination of the graphical 

presentation of reporting rates) but differed from those of the early period; a 

"recent" decline or increase means that reporting rates for the early and 

intermediate periods were similar but differed from the recent reporting rates, and a 

"progressive" decline or increase means that reporting rates for the intermediate 

period are between those of the early and recent periods. 

Species-level taxonomy and nomenclature follows Christidis & Boles (1994). In 

some cases, sub-speciation is unresolved or in a state of recent flux. Only 

generally recognised sub-species are included, as summarised by Blakers eta/. 

(1984) with some amendments following Garnett (1992). 
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3.3 Results 

3.3.1 Pigeons and doves 

Common Bronzewing Phaps chalcoptera 

The Common Bronzewing is widely distributed in Australia where it is common in 

many areas of the east, south-east and west. Within the study area, it is 

widespread and often common in Queensland east of about 144°E and widely 

though patchily dispersed and generally uncommon in other areas (Fig. 3-4a, see 

also Blakers eta/. 1984). There is no evidence of range contraction. 

Both the bioregional and degree cell reporting rate models were saturated. There 

was no significant variation in reporting rates within core areas (Fig. 3-Sa, x2 = 7.1, 

d.f. = 2, P > 0.01 ). However, west of 144°E there was significant variation (Fig. 3-

Sb, x2 
= 20.9, d.f. = 2, P < 0.0001), although the direction of any trend is unclear. 

In core areas west of 144°E reporting rates also varied significantly (Fig. 3-Sc, x2 
= 

24.6, d.f. = 2, P < 0.00001 ), indicating an early decline, but the species is still 

reported quite frequently. 

East of 144°E reporting rates were very similar for all degree cells and for core 

areas, and there was no significant variation to them (Fig. 3-6a,b; both P > 0.05). 

Interpretation: an early declining species in the west; no change in the east 

Flock Bronzewing Phaps histrionica 

The Flock Bronzewing has a scattered distribution in arid Australia and the semi

arid tropics. It formerly occurred further south-east beyond the study area than it 

does now (Biakers eta/. 1984, McAIIan 1996). Its stronghold has traditionally been 

thought of as the grasslands of the Barkly Tableland, but it has apparently never 

been recorded from parts of the Barkly Tableland to the south and south-west of 

Mt. lsa in Queensland (Fig. 3-4b). 

The range of the Flock Bronzewing within the study area has contracted markedly 

(Fig. 3-4b; overall P < 0.001 ), the contraction being most evident in Queensland 

and the far-eastern parts of the Northern Territory. Reporting rates of the Flock 
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Bronzewing have also declined severely (Fig. 3-7a, bioregions model, x2 = 52.2, 
d.f. = 2, P << 0.0000001 ), a trend that is evident even in core areas of its range 

(Fig. 3-7b) though there are insufficient records in the latter range for log-linear 

analysis. The decline in "peripheral" areas may have occurred earlier than in core 

areas. 

However, interpretation of changes in abundance and distribution is complicated by 

cyclic fluctuations in abundance in core areas and irruptions into peripheral areas 

(Biakers eta/. 1984). There is a possibility that the recent data may in part reflect a 

cyclic low in population coinciding with the Field Atlas period of 1977 to 1981 (see 

section 3.4.3). 

Interpretation: severe decline in abundance and range, the decline being 

progressive; confirmation required as to whether the trend is long-term or cyclic. 

Crested Pigeon Ocyphaps lophotes 

The Crested Pigeon is widespread and abundant in many parts of Australia. In the 

study area it is also widespread but is scarce to absent from the north coast (Fig. 3-

4c). Overall, there is no evidence of range contraction. Reporting rates for the 

species varied markedly (Fig. 3-8a, bioregions model, x2 = 114.7, d.f. = 2, P << 

0.0000001 ), the trend being for a progressive increase. 

Parker (1970) reported a coastward expansion of the species in northern Australia, 

but this is not evident in the distribution map. However, the number of cells with 

only recent records vastly outweighs the number with only historic records (Fig. 3-

4c), providing some support for the suggestion of a range expansion. To 

determine if the increase in reporting rates was purely a product of a possible 

range expansion, I examined reporting rates for core areas. For all core areas, a 

saturated model resulted. Partitioning along state boundaries (WA & NT cfQid) 

failed to solve the spatial distortions, which probably relate to a clinal increase in 

abundance moving away from the coast, a biogeographic pattern identified in the 

previous chapter. I therefore examined reporting rates for core areas in the two 

inland sub-regions of northern Australia (from Chapter 2). Although some spatial 

distortion remained for the earliest period (Fig. 3-8b, r5 = 0.43, n = 6, P::::: 0.20), an 

acceptable model was produced. Reporting rates varied significantly (x2 = 47.4, 

d.f. = 2, P < 0.0000001 ), the trend being for a progressive increase. 
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The distribution map suggests a possible contraction of the species from the 

northern half of Cape York Peninsula, Queensland. However, there are very few 

records for any part of the Cape York bioregion (Table 3-4) and no distinct 

historical trend. Given the sparse level of recording from the area, it is possible 

that the Cape York records represent the front of a slow expansion into the area. 

Table 3-4: Records of the Crested Pigeon from the Cape York bioregion. 

Bracketed Years indicate that the observation took place somewhere during the 

period. 

Year Coordinates Observer Reference Notes 

(1928-33) 14/143 D. Thomson Thomson (1935) near mouth of Stewart 
River 

(1951-76) 13/143 ? Historic Atlas 

(1951-76) 14/144 ? Historic Atlas 

1972 ?15/142 J. Kikkawa Kikkawa (1976) p89; locality extremely 
vague, possible south-

west Cape, but 

could be 
Weipa record below 

1975 12/141 O'Reilly Kikkawa (1975) Weipa; confirmed by 
description or 
photograph 

1978 15/144 ? Field Atlas data sheet 23784 

Interpretation: a progressively increasing species. The increase is attributable to 

an increase in abundance in core inland areas and probably also to range 

expansion. 
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Spinifex Pigeon Geophaps plumifera 

The Spinifex Pigeon is widespread in the study area, but is largely absent from 

higher-rainfall coastal areas and from the brigalow belt of Queensland (Fig. 3-9a). 

It is also found in arid central and western Australia. Within its range, it has a 

patchy distribution, although historical and recent non-Atlas records fill many of the 

gaps evident in Blakers eta/. (1984), the notion of a series of six semi-discrete 

populations within the study area as proposed by Johnstone {1981) is not 

supportable at this spatial scale. However, there is a semi-discrete block of degree 

cells in the west (west of 133°, south of 15°) which display markedly greater spatial 

and historical continuity than the remainder. There are several colour-morphs of 

the species, but opinions vary about sub-speciation (Condon 1975, Johnstone 

1981, Frith 1982). 

There was no significant range contraction overall (P::::: 0.25). However, in 

Queensland, degree cells with only historic records outnumber those with only 

recent records 12 to 3 (P = 0.025). 

Analysis of reporting rates at bioregional and degree cell levels for its entire range 

within the study area, as well as core areas, all produced saturated log-linear 

models, presumably reflecting spatial heterogeneity in its distribution. 

For the western part of its range, log-linear analysis again produced a saturated 

model, but as there are too few records for further analysis, the reporting rate 

graphic is presented anyway (Fig. 3-10a). It does not suggest a change in 

reporting rates. Reporting rates did not vary significantly in the remainder of its 

range (Fig. 3-1 Ob, x2 = 13.6, d.f. = 2, P > 0.001 ). However, the apparent 

downward trend in the reporting rate (Fig. 3-1 Ob), the near-significance of the log

linear model and the number of cells from which the species has not been recorded 

recently in Queensland all suggest that this is a species that should be monitored 

carefully. 

Interpretation: no incontrovertible evidence of change, but this is a species to 

watch as a possible decliner, especially in Queensland. 
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(Fig. 3-11 b, x2 = 98.0, d.f. = 2, P << 0.0000001) and also in the core area of its 

distribution (Fig. 3-11c, x2 = 39.4, d.f. = 2, P < 0.0000001 ). Both graphics strongly 

indicate a decline, with the decline early overall but more recent in the core area. 

Within even its limited distribution, G. s. smithii occurs very patchily (Fiona Fraser 

pers. comm. and pers. obs.), but fortunately remains moderately abundant within 

limited areas of its restricted distribution, notably within Kakadu National Park 

(Braithwaite & Werner 1987). This is reflected in the continuing high reporting 

rates for the taxon - greater than 50% for lists of > 12 species within the core areas 

of its distribution. 

Interpretation: ssp. blaauwi- needs pro-active monitoring; 

ssp. smithii- a progressively declining taxon, showing range 

contraction and decreased abundance in its core area. 

Squatter Pigeon Geophaps scripta 

The Squatter Pigeon is essentially a Queensland species, although historically it 

also occurred in the sub-tropical woodlands of northern New South Wales. The 

distribution map (Fig. 3-9c) provides no evidence of range contraction. However, 

there was significant variation in reporting rates (Fig. 3-12a, bioregion model, x2 = 

21.2, d.f. = 2, P < 0.0001 ), with a decline clearly evident. Analysis of core area lists 

produced a saturated model. 

Two subspecies of the Squatter Pigeon are recognised, scripta in the south and 

peninsulae to the north (Garnett 1992). The subspecies intergrade, the area of 

overlap being in the vicinity of the Burdekin-Lynd divide at about 20°S (Ford 1986). 

The southern subspecies scripta is reported to have declined severely in the 

southern part of its range, particularly south of 26°S and beyond the southern 

boundary of my study area (Biakers eta/. 1984, Garnett 1992). However, this 

decline does not show up as a range contraction in the south of my study area (Fig. 

3-9c). The reporting rates of G. s. scripta (defined as all records south of 20°S) 

have varied significantly (Fig. 3-12b, x2 = 28.6, d.f. = 2, P < 0.000001 ), showing an 

early decline (note however, that the reporting rate function for 1951-1977 has 

been included despite an insufficiently positive correlation between list length and 

reporting rate, rs = 0.50, n = 3.). This early decline is also evident in core areas, 
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where reporting rates varied significantly (Fig. 3-12c, x.2 = 20.7, d.f. = 2, P < 

0.0001, with the same proviso about the intermediate reporting rate as for the 

previous analysis). North of 24°5, G. s. scripta may also have suffered an early 

decline (Fig. 3-13a) but the data are equivocal and was insufficient for log-linear 

analysis. 

Reporting rates do not suggest there has been any change to the abundance of G. 
s. peninsulae (Fig. 3-13b), but there were insufficient data for log-linear analysis. 

Interpretation: ssp. scripta is an early-declining taxon. 

White-quilled Rock-Pigeon Petrophassa albipennis 

The White-quilled Rock-Pigeon is restricted to rock outcrops in the Kimberley, with 

an outlying subspecies boothii in the Stokes Range area of the Victoria River 

District. The distribution map (Fig. 3-14a) suggests no marked isolation of the 

subspecies, but local isolation is likely given the disjunct nature of their habitat and 

the readily-evident reluctance of the species to leave rocky areas. There has been 

no significant contraction of the range of the species (P = 0.25), and no significant 

change in reporting rates (Fig. 3-15a). Note that there were insufficient records for 

the 1951 to 1976 period to qualify for a reporting rate graphic, and insufficient 

records in total to isolate reporting rates for the two subspecies. 

Interpretation: no evidence of change 

Chestnut-quilled Rock-Pigeon Petrophassa rufipennis 

This species is confined to rocky areas of the Arnhem Land plateau and 

escarpment (Fig. 3-14b). Although there were insufficient records for log-linear 

analysis, there is no hint of decline in the reporting rates for the species (Fig. 3-

15b). 

Interpretation: no evidence of change 
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Wonqa Pigeon Leucosarcia melano/euca 

The distribution of the Wonga Pigeon is largely marginal to the study area, with its 

prime occurrence in wet sclerophyll forest and rainforest margins of coastal eastern 

Australian. A population extends into the Brigalow Belt South bioregion (Fig. 3-
14c). The species formerly occurred north to Cairns, but predominantly in the Wet 

Tropics and Central Mackay Coast bioregions which are excluded from the study 

area. It has not been confirmed to occur north of 22°8 since 1908 (Biakers et at. 
1984). The three northern degree cells within the study area that have historic 

records (Fig. 3-14c) are all single records, the eastern two of which are of uncertain 

bioregional classification and may well not belong in the study area. The third of 

these is an implied record by J. Elsey in 1856 (MacDonald & Colston 1966). 

Because of doubt about two of the records and the isolated nature of the third, 

reporting rates in Figure 3-15c are for the southern block of records only. Although 

there were insufficient records for log-linear analysis, the graphic presentation 

suggests that a progressive decline has taken place 

Interpretation: a progressively declining species within the study area, although 

the evidence is anecdotal. 

Peaceful Dove Geopelia striata 

The Peaceful Dove was the most widespread granivore in the study area, being 

recorded from every degree cell (Fig. 3-16a). It is also widely distributed beyond 

the study area. There is no evidence of range contraction. Reporting rates for the 

species were very high, and varied significantly (Fig. 3-17a, x2 = 79.2, d.f. = 2, P 

<< 0.0000001 ), as also did those for core areas (Fig. 3-17b, x2 = 75.6, d.f. = 2, P 
<<0.0000001 ). Both graphs indicate a progressive increase in abundance. 

Interpretation: a progressively increasing species 
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and Bar-shouldered Dove in the study area. 
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Diamond Dove Geopelia cuneata 

The Diamond Dove occurs widely through arid and semi-arid Australia. Within the 

study area it was also widespread, but was perhaps less numerous in coastal areas 

(Fig. 3-16b). There was no evidence of range contraction. Reporting rates did not 

vary significantly (Fig. 3-18a, bioregions model, x2 = 8.6, d.f. = 2, P > 0.01). Nor 

did they vary significantly for core areas (Fig. 3-18b, x2 = 13.1, d.f. = 2, P > 0.001 ). 

Interpretation: no evidence of change. 

Bar-shouldered Dove Geopelia humeralis 

The study area contains the main range of the Bar-shouldered Dove, which 

however also extends to much of New South Wales, to a few additional coastal 

areas of Western Australia, and to southern New Guinea. Within the study area, 

the species is widespread except in the Barkly Tableland and a few other inland 

areas (Fig. 3-16c). There is no evidence of range contraction. Reporting rates for 

the Bar-shouldered Dove did not vary significantly (Fig. 3-19a, bioregions model, x2 
= 13.1, d.f. = 2, P > 0.001 ). Nor did they vary within core areas (Fig. 3-19b, x2 = 

17.7, d.f. = 2, P > 0.0001 ). However, the data suggests that the Bar-shouldered 

Dove may be an increasing species. 

Interpretation: no firm evidence of change; but a potential increaser. 

Other species 

See section 3.3.5 (Exotic species) for Rock Dove (Domestic or Feral Pigeon, 

Columba Iivia) and Spotted Turtle-Dove Streptopelia chinensis. 
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3.3.2 Cockatoos and parrots 

Palm Cockatoo Probosciqer aterrimus 

The Palm Cockatoo occurs on Cape York and in New Guinea. There are recent 

records for all degree cells in the study area from which the species has been 

recorded historically (Fig. 3-20a). and the few lists available, insufficient for log

linear analysis, do not suggest that a decline has occurred (Fig. 3-21 a). 

Interpretation: no evidence of change. 

Red-tailed Black-Cockatoo Calvetorhynchus banksii 

The Red-tailed Black-Cockatoo has a widespread but patchy distribution in 

Australia, with its stronghold in the study area, which appears to contain a single, 

continuous population (Fig. 3-20b) which may be almost endemic to it (see maps in 

Blakers eta/. 1984, Vardon eta/. 1997). There is no evidence of range contraction. 

Considerable irregularity in the whole-of-range reporting rates may reflect uneven 

abundance or seasonal movements, and log-linear analyses produced saturated 

models. This unevenness is perhaps demonstrated by the concentration of cells 

with only historic and only recent records in the inland eastern and south-eastern 

parts of the study area, areas which generally had lower reporting rates during the 

Field Atlas (Biakers eta/. 1984 ). 

I therefore subdivided the study area population at 19°S. North of 19°S there was 

no significant variation in reporting rates (Fig. 3-22a, x2 = 18.2, d.f. = 2, P > 
0.0001 ). Nor was there any significant variation within core areas (Fig. 3-22b, x2 = 

16.4, d.f. = 2, P > 0.0001 ). However the strength of the associated probabilities, 

combined with examination of the associated graphics, suggests that a small 

increase may have occurred. 

South of 19°S, both all degree cells with records, and core areas produced 

saturated log-linear models. The latter is produced here to illustrate that reporting 

rates for the three time periods were not obviously different (Fig. 3-23c). 

Interpretation: no firm evidence of change; a possible increaser in northern areas. 
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Yellow-tailed Black-Cockatoo Ca/yptorhynchus funereus 

The Yellow-tailed Black-Cockatoo is a south-eastern Australian species, extending 

into the south-east of the study area (Fig. 3-20c). The north-western, isolated 

records of the species from the Julia Creek - Richmond area are of uncertain 

authenticity and were ignored by Blakers eta/. (1984). They comprise just two 

records, a nesting record by Anon. (in Campbell 1901 ), and a report by Bell (1971) 

of "a few" in 1970-71. The species was not recorded by an apparent long-term 

resident of the Richmond area (Berney 1905-07). These degree cells have been 

deleted from the reporting rate analyses. 

There were insufficient records to permit log-linear analysis of reporting rates. 

Nevertheless, neither the reporting rates (Fig. 3-21 b) nor the distribution map (Julia 

Creek - Richmond area possibly excepted) give any indication of a decline in the 

abundance or range of the species. 

Interpretation: no evidence of change. 

Galah Cacatua roseicapilla 

The Galah is widespread through most of Australia has been recorded throughout 

the study area with the exception mostly of a few north coastal localities (Fig. 3-

23a). There is no evidence of range contraction. Reporting rates varied 

significantly (Fig. 3-24a, bioregions model, x2 = 57.0, d.f. = 2, P << 0.0000001 ), the 

species having increased progressively since early times. However, analysis of 

core areas produced a saturated model. 

Although there are no clear signs of a coastward range expansion (Fig. 3-23a), the 

species was absent from some coast degree cells and Field Atlas reporting rates in 

Blakers eta/. (1984) suggest that the species may be more common in inland than 

coastal parts of the study area. I therefore examined reporting rates for core areas 

of the two inland sub-regions of the study area (from Chapter 2) separately from 

the remainder. There was no significant variation in reporting rates in inland areas 

(Fig. 3-24b, x2 = 4.9, d.f. = 2, P > 0.05). However, variation in reporting rates in 

coastal areas was significant (Fig. 3-24c, x2 = 24.1, d.f. = 2, P < 0.00001 ), the 

trend being one of marked progressive increase. 
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Interpretation: a progressively increasing species in coastal areas. 

Little Corella Cacatua sanguinea 

The Little Corella is widespread in arid, semi-arid and tropical Australia, extending 

also to New Guinea. Within the study area it is widespread but its occurrence in 

much of Queensland is patchy, producing a high incidence of cells with historic-only 

records and a high incidence of cells with recent-only records (Fig. 3-23b). There 

is no evidence of range contraction in the species. Both bioregional and degree

cell log-linear analysis of reporting rates produced saturated models. 

Three subspecies of the Little Corella are recognised in northern Australia 

(Schodde et at. 1979). C. s. sanguinea is virtually endemic to the tropical 

woodlands of the Kimberley and Top End, C. s. normantoni occurs in western and 

southern Cape York (and in New Guinea), and the widespread C. s. gymnopis 

occurs in the study area on the Barkly Tableland and the southern half of 

Queensland. The distribution map suggests these populations are not isolated 

(Fig. 3-23b), contrary to Schodde et at. {1979). Blakers et a/. {1984) thought 

sanguinea might be isolated. 

I approximated the distribution of C. s. sanguinea by selecting all records west of 

1 39°E except those of the Barkly Tableland. Reporting rates for the subspecies did 

not vary significantly (Fig. 3-25a, x2 = 6.8, d.f. = 2, P > 0.01 ). Nor did they vary 

significantly when core areas of the subspecies were considered alone (Fig. 3-25b, 

x2 = 6.4, d. f.= 2. P > o.o1 ). 

There are insufficient records of possible C. s. normantoni to generate a reporting 

rate graphic, as well as uncertainty about its distribution. The number of degree 

cells with historic-only records on northern Cape York appears of some concern, 

although the number is not significantly different to the number of cells with recent

only records (P = 0.1 0). Perusal of the records, however, suggests that the 

species was always a vagrant or scarce in these areas, and a number of the 

records lack clear definition of the locality. 
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I defined the range of C. s. gymnopis within the study area as records from the 

Mitchell Grass Downs bioregion, plus all records east of 1 39°E and south of 1 8°S. 

I was unable to generate a reporting rate graphic for this area because of the lack 

of positive correlation between list length and reporting rate for the recent records 

(r s = -0.01 , n = 1 4). Perusal of reporting rates in Blakers et a/. (1984) plus the 

patchy distribution of the subspecies in part of its range suggests that the distortion 

may have been due to greater abundance in the west. I therefore separated out 

the continuous block of records from west of 1 44 and 1 45°E, most of which are 

core area cells. There was no significant variation in reporting rates for this 

western block (Fig. 3-25c, P > 0.05). 

Interpretation: no evidence of change 

Sulphur-crested Cockatoo Cacatua qa/erita 

The two subspecies of the Sulphur-crested Cockatoo both occur in the study area, 

fitzroyi in the Top End and Kimberley, and galerita to the east. C. g. galerita also 

occurs throughout much of eastern Australia, but C. g. fitzroyi is endemic to the 

study area. Within the study area, the species is widespread but absent from some 

inland areas; there is no evidence of range contraction (Fig. 3-23c). Analysis of 

both bioregional and degree cell models produced saturated log linear models. 

There was no evidence of range contraction for C. g. fitzroyi (assumed to be all 

records west of 137°E). Log-linear modelling of reporting rates for all degree cells 

and for its core area cells produced saturated models. Figure 3-26a illustrates that 

there is no consistent evidence of change to reporting rates. 

There was no evidence of range contraction for C. g. galerita. Log-linear modelling 

of reporting rates showed no significant variation (Fig. 3-26b, x2 = 6.8, d.f. = 2, P > 

0.01 ). Nor was there any significant variation in core areas (Fig. 3-26c, P > 0.05). 

Interpretation: no evidence of change. 
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Major Mitchell's Cockatoo Cacatua /eadbeateri 

The occurrence of Major Mitchell's Cockatoo in the study area is peripheral to a 

patchy distribution centred on the arid zone and the southern Australian semi-arid 

woodlands and mallee belt, and my database contains only 37 records of the 

species spread across 22 degree cells. There is no evidence of range contraction 

within the study area (Fig. 3-27a). Reporting rates for the species were very low 

(Fig. 3-28a) and there were insufficient records for log-linear analysis. 

Subspeciation in Major Mitchell's Cockatoo remains unclear (Biakers et at. 1984). 

Garnett (1 992) recognises two subspecies, both of which occur in the study area. 

Records from Western Australia and the Northern Territory, and probably also the 

Queensland record from the degree cell 21/139 appear referable to Garnett's C. I. 
mol/is, whilst those in southern Queensland are presumed to be of C. I. leadbeateri. 

Interpretation: no evidence of change within the study area. 

Cockatiel Nymphicus hollandicus 

The Cockatiel is widespread in the study area except for coastal areas and Cape 

York Peninsula (Fig. 3-27b), as it is throughout Australia. There is no statistical 

evidence of range contraction within the study area, but a concentration of historic

only degree cells at the base of Cape York warrants investigation. Records for the 

area concerned occurred patchily in time (Table 3-6). Gilbert (1844-45) found the 

cockatiel to be abundant. The data are consistent with a local decline having 

occurred, but could also reflect population irruption in the area. 

There was no significant variation in the reporting rates (Fig. 3-28b, bioregions 

model, x2 = 1 0.0, d.f. = 2, P > 0.001 ). Nor was there any significant variation within 

core areas (Fig. 3-28c, x2 = 3.7, d.f. = 2, P > 0.05). 

Interpretation: no evidence of change. 
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Table 3-6: Records of the Cockatiel from selected degree blocks at the base 

of Cape York Peninsula, Queensland. 

Year Coordinates Observer Reference Notes 

1845 16/142 J. Gilbert Gilbert 1844-45 very abundant, Mitchell Riv., 

20/6 

1845 16/142 J. Gilbert Gilbert 1844-45 numerous, flocks, Mitchell R., 

22/6 

1845 16/143 J. Gilbert Gilbert 1844-45 Mitchell River, June 18 

1845 18/144 J. Gilbert Gilbert 1844-45 large flocks, Lynd River, 1/6 

1864 16/142 A.&F. Jardine per Historic Atlas Staaten River, HA 120049 

1864 17/143 A. Jardine per Historic Atlas Parallel Ck., HA 120049 

1864 17/143 A.&F. Jardine per Historic Atlas north of Maroon Ck., HA 

120049 

1970 18/144 H.B.Gill Historic Atlas The Lynd Stn., May, HA 51715 

1971 18/143 H.R. Officer Historic Atlas Georgetown, HA 6480, May 

(1962-73) 18/143 H.B. Gill Historic Atlas near Georgetown, HA 51710 

(1967-73) 18/143 ? Historic Atlas HA 64225 

(1968-76)? 15/142 ? Kikkawa 1976 towards west coast, between 

14° & 16° South 
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Budgerigar Melopsinacus undulatus 

The Budgerigar is widespread in arid and semi-arid parts of Australia. Within the 

study area it was widespread but less frequent in coastal areas and absent 

altogether from the far north and north-west of the Top End and from much of 

Cape York (Fig. 3-27c). There was no evidence of range contraction. Reporting 

rates varied significantly (Fig. 3-29a, bioregions model, x2 = 56.1, d.f. = 2, P << 

0.0000001 ), with an evident decline but much ambiguity about its timing. For core 

areas, reporting rates also varied significantly (Fig. 3-29b, x2 = 84.5, d.f. = 2, P << 

0.0000001 ), the trend being unambiguously for a recent decline. The sometimes 

irruptive nature of the species (Biakers eta/. 1994) might partially explain such a 

dramatic and surprising result (see Discussion, section 2.4.1 ). Exclusion of coastal 

degree cells (from Chapter 2) made little difference because very few coastal cells 

were also core cells for the species. The above decline notwithstanding, the 

Budgerigar remains widespread and sometimes numerous. 

Interpretation: a recent and dramatically declining species, interpretation of which 

may however be complicated by irruptive tendencies. 

Australian King Parrot Alisterus scapularis 

The King Parrot is an inhabitant of wet sclerophyll forest of the east coast, and 

extends into the study area in the Brigalow Belt South bioregion, and in areas 

immediately adjacent to wet tropical areas further north in Queensland (Fig. 3-30a). 

There is no evidence of range contraction. Reporting rates are idiosyncratic (Fig. 

3-31 a). The function line for 1951 to 1976 is not presented because the reporting 

rate was not positively correlated with the list length (r5 = -0.63, n = 3). The 

function lines for the other time periods are not parallel, but there were insufficient 

records to conduct log-linear analysis. The situation was not improved by 

considering only the southern block of records. 

Interpretation: no evidence of change. 
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Red-winged Parrot Aprosmictus erythropterus 

The Red-winged Parrot is widespread within the study area, being absent only from 

the central arid fringe (Fig. 3-30b). Its Australian distribution is largely confined to 

the study area, but the species is also found in central northern New South Wales, 

and in New Guinea. Within the study area there is no evidence of range 

contraction, and there was no significant variation in reporting rates (Fig. 3-31 b, 

bioregions model, P > 0.05). Nor was there any significant variation in reporting 

rates in core areas (Fig. 3-31 c, P > 0.05). 

Interpretation: no evidence of change. 

Princess Parrot Polvtelis a/exandrae 

The Princess Parrot Polytelis a/exandrae has a scattered arid-zone distribution that 

remains poorly understood (Blyth & Burbidge 1997). Its occurrence in the study 

area is marginal, with 9 records from 5 degree blocks from the vicinity of the Fitzroy 

River in Western Australia and Newcastle Waters in the Northern Territory (Table 

3-7). There has been no record since 1924, which represents a significant range 

contraction (P < 0.05). 

Interpretation: an early declining species 

Australian Ringneck Barnardius zonarius 

The polymorphic Australian Ringneck occurs somewhat marginally in the study 

area (Fig. 3-30c), its core distribution being the arid zone and the semi-arid 

woodlands and mallee areas of southern Australia. However, one of three 

subspecies present in the study area, B. z. macgillivrayi, is largely restricted to it, 

being found in semi-arid woodlands around Mt. lsa in Queensland. Records west 

of 135°E are presumed to be B. z. zonarius, records from 137° to c. 141 °E B. z. 

macgillivrayi, and those south-east of c. 141 °E B. z. barnardi. 
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Table 3-7: Records of the Princess Parrot in the study area. 

Coordinates Year Observer 

17/133 1862 Waterhouse 

Reference 

Historical Atlas 

1890 Symonds Clark Historical Atlas 

1890 Symonds Clark Historical Atlas 

1891 Cornock Historical Atlas 

18/123 (1909-11) J.P. Rogers 

(1910-11) Louge 

18/124 c. 1896 L.A. Wells Historical Atlas 

18/125 1885 ? Historical Atlas 

18/126 1924 ? Whitlock 1925 

Notes 

Specimen, Howell Ponds 

Howell Ponds 

Newcastle Waters 

specimen, N of Newcastle 

Waters 

Historical Atlas Mungi 

Soderberg 1918, Mowla 

Downs 

Fitzroy River area 

Fossil Downs Station 

Bohemia Downs 

There is no evidence of range contraction (Fig. 3-30c); indeed, the distribution map 

hints of a possible northward extension of range in Queensland and the Northern 

Territory. Reporting rates did not vary significantly between the early and recent 

periods (Fig. 3-32a, bioregions model, P > 0.05), the function line for the 

intermediate period displaying inadequate positive correlation between list length 

and reporting rate (rs = -0.20, n = 4). There are insufficient records to consider the 

subspecies separately. 

Interpretation: no evidence of change. 

80 



1.0 

0.8 

Q) 
.... 
ro '- 0.6 

I a. Australian Ringneck 

� � 
� c: 

:e �. 

� 04 
: 

: 
: � 

· . 
• 

.A: � 
_. 6 � 

0.2 -l ..
.
. 

!> 

• 

: 

0.0 I 
.. 

I 

0 5 10 15 20 25 

List length 

Figure 3-32: Reporting rates for the Australian Ringneck. 
• 1800 - 1950; ....... 1977 - 1997. 



Crimson Rosella P/atycercus eleqans 

The Crimson Rosella is primarily a species of wet sclerophyll forest and adjacent 

habitats in eastern and south-eastern Australia. Its occurrence in the study area is 

marginal along the east coast (Fig. 3-33a). There is no evidence of range 

contraction. There were insufficient records to generate a reporting rate graphic. 

Interpretation: no evidence of change. 

Pale-headed Rosella Platycercus adscitus 

The Pale-headed Rosella is confined to the study area and adjacent areas of 

south-east Queensland and north-eastern New South Wales. Within the study 

area, it is restricted to coastal and sub-coastal Queensland. There are no degree 

cells with only historic records, and a surprising abundance of cells with only recent 

records (Fig. 3-33b), suggesting a range expansion into inland areas. Reporting 

rates for the species did not vary significantly (Fig. 3-34a, bioregions model, x2 = 

13.8, d.f. = 2, P > 0.001 ). Analysis of reporting rates for core areas produced a 

saturated log linear model. 

Subspeciation in the Pale-headed Rosella is unclear. Attempts to elucidate 

possible changes to reporting rates of the species by subdividing its range failed, 

producing either saturated models or data sets too small for log-linear analysis. 

Interpretation: no unequivocal evidence of change, but a possible increasing 

species by range expansion inland. 

Northern Rosella Platvcercus venustus 

The Northern Rosella is endemic to the north-west of the study area, where there is 

no evidence of range contraction (Fig. 3-33c). Reporting rates did not vary 

significantly (Fig. 3-34b, degree cells model, x2 = 7.2, d.f. = 2, P > 0.01 ). Nor did 

they vary significantly in core areas (Fig. 3-34c, x2 = 6.4, d.f. = 2, P > 0.01 ). 

Interpretation: no evidence of change. 
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Golden-shouldered Parrot Psephotus chrvsopterygius 

Endemic to the Cape York region of the study area, the Golden-shouldered Parrot 

may have contracted northwards {Fig. 3-35a) but there is insufficient data to 

demonstrate this statistically. Reporting rates have always been low and there 

were insufficient records to conduct log-linear analysis. Nevertheless, the reporting 

rate graphic {Fig. 3-36a) strongly suggests that a decline has taken place, and that 

it commenced prior to 1950. Reviews by others leave no doubt that this is a 

declining and seriously endangered species subject to an ongoing decline {Weaver 

1982, Garnett 1992, Garnett & Crowley unpubl. data). 

Interpretation: an early (and ongoing) declining species. 

Hooded Parrot Psephotus dissimilis 

The Hooded Parrot is endemic to the study area, with a distribution restricted to the 

Top End of the Northern Territory (Fig. 3-35b). There is no statistical evidence of 

range contraction. However, early outlying records from the Victoria River District 

(1855, J. Elsey) and Borroloola (1913 -14, when fairly plentiful in select habitats, 

Barnard 1914a; 1917, specimen collected by H.L. White in National Museum of 

Victoria) have not been repeated in recent times. Despite a considerable number 

of lists to draw on, the reporting rate was so low that there was insufficient data for 

log-linear analysis. The reporting rate graphic (Fig. 3-36b) does not strongly 

suggest any change in reporting rates. 

Interpretation: no unequivocal evidence of change, but possible peripheral range 

contraction (and the species' scarcity) make this a species to watch as a potential 

decliner. 
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Paradise Parrot Psephotus pulcherrimus 

The Paradise Parrot was formerly found in sub-tropical woodlands of the Brigalow 

Belt South bioregion and sparingly further south into northern New South Wales. It 

has not been reliably reported since 1927 (Isles 1997). This catastrophic decline is 

reflected in both the distribution map (Fig. 3-35c, P < 0.001) and the reporting rate 

graphic (Fig. 3-36c). 

Interpretation: an early declining species, probably now extinct. 

Red-rumped Parrot Psephotus haematonotus 

The Red-rumped Parrot is a south-eastern species mostly found in woodlands and 

especially semi-arid woodlands. Within the study area it is confined to the far 

south-east. The distribution map (Fig. 3-37a) suggests a possible contraction from 

the north but there is insufficient detail in the records to confirm this. Reporting 

rates may also have declined (Fig. 3-38a), but the data are too few to test this. 

Interpretation: no unequivocal evidence of change, but a species to watch as a 

possible decliner within the study area. 

Blue Bonnet Northiel/a haematoqaster 

The Blue Bonnet shares a broadly similar south-eastern distribution with the Red

rumped Parrot both within Australia overall and within the study area (Fig. 3-37b). 

Within the study area there has been no significant range contraction but the map 

does suggest a possible contraction from the north-west. The historical records 

provide ambivalent evidence. All five records from the four relevant degree blocks 

are observations since 1950. McEvoy & Kirkpatrick (1971) reported the species as 

common in open forest in Booringa Shire, which is centred on the town of Mitchell 

(261147), yet there are no other records for that degree block. Reporting rates 

could also be interpreted as suggesting a decline (Fig. 3-38b) but there are 

insufficient records for log-linear analysis and the graphic is equivocal. 

Interpretation: no unequivocal evidence of change, but a species to watch as a 

possible decliner within the study area. 
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Turquoise Parrot Neophema pulchella 

The Turquoise Parrot is a bird of temperate woodlands, formerly also occurring in 

sub-tropical woodlands as far north as the Sutter River (21 °S, Fig. 3-37c), where 

Gilbert (1844-45) noted on one day that the species was "common" and reported it 

on another occasion as well. The contraction of range in the study area is 

significant (P < 0.05). Overall, the species is considered to have declined markedly 

earlier this century but has since partially recovered and is expanding its current 

range (Garnett 1992). There is no evidence of such a recovery within the study 

area (Fig. 3-38c), the reporting rates suggesting a decline. However, there were 

insufficient records for log linear analysis. 

Interpretation: an early decreasing species. 

Night Parrot Pezoporus occidentalis 

The Night Parrot is an arid-zone species about which remarkably little is known. 

The only confirmed record of the Night Parrot in the study area is of a dead 

specimen found beside a road near Boulia, Queensland (221139) in 1990 (in 

Garnett eta/. 1993). There are unconfirmed but plausible records from Western 

Australia in the mid-1930's (near Derby, Storr 1960) and 1950's (south of Fitzroy 

Crossing, D.L. Serventy notebooks per Historical Atlas), from the Northern Territory 

in 1982 (Keep River National Park, McKean 1985) and south of Cloncurry in 1992 

and 1993 (Garnett eta/. 1993). The timing of these few records does not provide 

any evidence of decline. 

Interpretation: no evidence of decline in the study area. 

Other species 

The Glossy Black-Cockatoo Ca/yptorhynchus lathami, Eastern Rosella Platycercus 

eximius and the Mulga Parrot Psephotus varius occur very marginally in the south

east of the study area, and are not considered further. 
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3.3.3 Finches 

Zebra Finch Taeniopygia guttata 

The Zebra Finch is widespread within Australia, especially in arid and semi-arid 

areas, and is also found in the Lesser Sundas. Within the study area it is 

widespread but markedly less common in coastal areas of the north-west and 

absent from Cape York (Fig. 3-39a). Within the study area there was no evidence 

of range contraction and no significant variation in reporting rates (Fig. 3-40a, 

bioregions model, P > 0.05). Nor did reporting rates vary significantly in core areas 

(Fig. 3-40b, P > 0.05). 

Interpretation: no evidence of change. 

Double-barred Finch Taeniopvgia bichenovii 

The Double-barred Finch is widespread in northern and eastern Australia and has 

been recorded throughout the study area except in places along the arid fringe 

(Fig. 3-39b). There is no evidence of range contraction. Analysis of reporting rates 

using both bioregional and degree-cell models produced saturated log linear 

models. Reporting rates in core areas did not vary significantly (Fig. 3-41 a, x2 = 

1 0.5, d.f. = 2, p > 0.001 ). 

There are two subspecies of the Double-barred Finch, the black-rumped T. b. 

annulosa in the Kimberley and Top End and white-rumped T. b. bichenovii in 

eastern Australia. The subspecies overlap extensively in the area south of the Gulf 

of Carpentaria. I arbitrarily divided the records at 138°E. 

There was no evidence of range contraction for T. b. annulosa. There was 

significant variation in its reporting rates (Fig. 3-41 b, x2 = 20.1, d.f. = 2, P < 

0.0001 ), the graphic indicating a progressive increase. However, the reporting 

rates for core areas did not vary significantly, though the result was only marginally 

non-significant (Fig. 3-41 c, x2 = 16.2, d.f. = 2, P > 0.0001 ). This opens the 

possibility that the increase in overall reporting rates for the subspecies is either an 

artefact of the greater number of lists for degree cells with only recent records 

compared to those for cells with only historic cells (16 vs 5 cells) and/or the result 

of a range expansion. 
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There was no evidence of range contraction for T. b. bichenovii. There was no 

significant variation in its reporting rates (Fig. 3-42a, P > 0.05). Nor was there any 

significant variation in reporting rates for core areas (Fig. 3-42b, P > 0.05). 

Interpretation: No unequivocal evidence of change, but r. b. annu/osa is a likely 

increaser. 

Gouldian Finch Ervthrura qouldiae 

The Gouldian Finch is endemic to the study area. It has suffered a significant 

range contraction (Fig. 3-39c, P < 0.001 ), with the decline mostly peripheral around 

core areas and evident in all states but most intense in Queensland and perhaps 

the eastern Northern Territory. Reporting rates varied significantly (Fig. 3-43a, 

bioregions model, x2 = 86.5, d.f. = 2, P << 0.0000001 ), showing a sharp 

progressive decline since the earliest period. This progressive decline was also 

evident in core areas (Fig. 3-43b, x2 = 89.8, d.f. = 2, P << 0.0000001 ). 

There are no recognised subspecies of the Gouldian Finch. It is accepted {Garnett 

1992, Peter Dostine unpubl. data) that the decline of the Gouldian Finch has been 

most severe in the east, and although there is evidence of decline in the western 

parts of its range (Franklin eta/. ms), the species may still be relatively common 

there. In its western core area {west of 133°), reporting rates also varied 

significantly (Fig. 3-43c, x2 = 71 .8, d.f. = 2, P << 0.0000001 ), with the evidence 

again suggesting a sharp and probably progressive decline since the earliest 

period. 

Interpretation: a progressively declining species, showing marked evidence of 

both range contraction and decline in core areas. 

Long-tailed Finch Poephila acuticauda 

The Long-tailed Finch is endemic to north-western Australia. There is no evidence 

of range contraction {Fig. 3-44a). However, clusters of degree cells with only 

historic records in the far south-west and on the north coast hint of possible 

peripheral declines. There is no indication that the Long-tailed Finch was ever 
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other than rare in the far south-west. On Cobourg Peninsula in the Northern 

Territory {111132) there are five historic records and no recent records, and Frith & 
Hitchcock (1974) reported the species to be common during the 1960's. However, 

these are drawn from a data set that is unusual in being a little stronger in historic 

times (pre-1977, 16 lists with 97 granivores) than recent times (1977 to 1997, 17 

lists with 76 granivores), and there are no long or annotated lists for the period 

since 1976. 

Reporting rates for the Long-tailed Finch did not vary significantly (Fig. 3-45a, 

bioregions model, P > 0.05). For core areas, analysis of reporting rates produced a 

saturated log linear model. 

Interpretation: no evidence of change. 

Black-throated Finch Peophila cincta 

The Black-throated Finch was formerly distributed through much of Queensland 

excepting arid areas, extending into the sub-tropical woodlands of northern New 

South Wales. Within the study area there was no significant overall range 

contraction (Fig. 3-44b, P > 0.25), but the map does strongly suggest a range 

contraction south of 23°S (7 cells with only historic records, 1 cell with only recent 

records and none with both, P = 0.1 0). This is consistent with statements and data 

in Blakers et a/. ( 1984) which show that the species has declined severely in the 

south of its range and is now extremely rare south of 23°S. 

Analysis of reporting rates using bioregional and degree cell models produced 

saturated log linear models. In core areas, reporting rates did not vary significantly 

(Fig. 3-46a, x2 = 16.9, d. f. = 2, P > 0.0001 ), but the probability suggests variation 

and the graphic suggests a decline. 

Three subspecies of the Black-throated Finch are recognised. P. c. nigrotecta is 

confined to the northern half of Cape York; P. c. atropygialis from there south to 

about 17°S and P. c. cincta further south. Subspecies cincta and atropygialis 

overlap and hybridise. Interestingly, the distribution map (Fig. 3-44b) however 

suggests a separation between northern and southern populations of P. c. cincta. 
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There are insufficient records and insufficient clarity in the distributions to partition 

the northern two subspecies. Analysis of reporting rates for the two northern 

subspecies combined (all degree cells) produced a saturated log linear model, but 

the graphic (Fig. 3-46b) does not suggest any variation. Analysis of reporting rates 

for all degree cells for P. c. cincta also produced a saturated log linear model. 

There were insufficient records from core P. c. cincta areas for log linear modelling, 

but the graphical presentation of reporting rates suggests a marked decline (Fig. 3-

46c). Note that the core degree cells available for this analysis are all north of 23° 

S. 

These analyses are inconclusive on their own, suggesting rather than 

demonstrating that P. c. cincta has undergone a severe decline in the south and a 

moderate decline in the north, whilst the other two subspecies have not varied in 

abundance. The apparent geographic unevenness of the decline has almost 

certainly contributed to the spatial distortions that produced saturated log linear 

models. However, when combined with other sources of evidence, notably reviews 

by Blakers et a/. (1984) and Garnett (1992), there can be no doubt that the Black

throated Finch has declined severely in the south of its range, and that this decline 

extends north to at least 23°S, i.e. well into the study area. 

Interpretation: ssp. cincta is a taxon in severe decline. 

Masked Finch Poephila personata 

The Masked Finch is endemic to the Australian tropical woodlands. Although there 

are numerous degree cells with only historic records, these are matched by a 

marginally greater number of cells with only recent records (Fig. 3-44c). Log-linear 

analysis of overall reporting rates produced a saturated model. 

There are two isolated and morphologically distinct subspecies of the Masked 

Finch, P. p. personata in the Kimberley and Top End and P. p. leucotis (the White

eared Masked Finch) on Cape York. Their isolation at the base of the Gulf of 

Carpentaria is evident in the distribution map (Fig. 3-44c). There is no evidence of 

range contraction for P. p. personata. Its reporting rates did not vary significantly 

over time (Fig. 3-47a, P > 0.05). Nor did reporting rates for core areas of P. p. 

personata vary significantly (Fig. 3-47b, P > 0.05). 
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There was no evidence of range contraction for P. p. teucotis (P > 0.25). There 

were insufficient records to conduct log-linear analysis, but the reporting rate 

graphic for P. p. leucotis (Fig,. 3-47c) provides no consistent evidence of a long

term change in reporting rates. 

Interpretation: no evidence of change. 

Crimson Finch Neochmia phaeton 

The Crimson Finch occurs in the study area, the adjacent wet-tropics areas of 

coastal Queensland, and southern New Guinea. Within the study area overall, 

there was no evidence of range contraction (Fig. 3-48a, P > 0.25). There was no 

significant variation in the overall reporting rates for the species (Fig. 3-49a, 

bioregions model, P > 0.05). Nor was there any significant variation in core area 

reporting rates (Fig . 3-49b, P > 0.05). 

Subspeciation in the Crimson Finch is unclear. There is a gap in the range of the 

species at the western base of Cape York; the population to the west of this is N. p. 

phaeton whilst that to the immediate north-east is N. p. evangelinae. Blakers et at. 

(1984) considered that a population of the species on the Atherton Tableland was 

N. p. phaeton and had become established in the 1920's, whilst birds there and 

southwards were N. p. iredalei. Garnett (1992) appears to have combined phaeton 

and iredalei. There is no gap evident between the historical distributions of 

evangelinae (Cape York) and Crimson Finches in the Atherton area (Fig. 3-48a; 

Atherton area is east of 145°E and north of 18°S). However, as noted by Blakers 

et at. (1984 ), there are no recent records of evangelinae on the east coast of Cape 

York, so that the subspecies may now be isolated. There appears to be a 

previously-unreported gap between southern and more northerly populations of 

iredalei/phaeton at 21 °S. 

There was no evidence of range contraction in the population of N. p. phaeton to 

the west of the Gulf of Carpentaria. Nor was there any significant variation in 

reporting rates overall (Fig. 3-49c, P > 0.05) or in core areas (Fig. 3-50a, P > 0.05). 

On the assumption that records west of 144°E (corresponding to the area west and 

north-west of the Atherton Tableland) belong to N. p. evangelinae, the range of N. 
p. evangelinae has contracted significantly (P = 0.01) but there were insufficient 

records to generate a reporting rate graphic or conduct log-linear analysis. For the 
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Plum-headed Finch in the study area. 
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population on and to the south-east of the Atherton Tableland, there has been no 

significant range contraction (P > 0.25) and insufficient records for log-linear 

analysis, but the reporting rate graphic (Fig. 3-50b) suggests that a decline has 

taken place. Records south of 21 os are now exceptional (Wilson 1988, 1990; 

Holmes 1996). In contrast, Gilbert (1844-45) noted the species as abundant near 

his camp on the Comet River (23/148) and all five historical records south of 21 os 
are from prior to 1900. 

These results are ambiguous in that the distribution of N. p. evangelinae in 

Australia is insufficiently defined to determine if it has suffered a range contraction 

and also in that the data for N. p. phaeton (eastern Queensland population, sensu 

Garnett 1992) are too sparse to provide quantitative evidence of decline. 

Nevertheless, the evidence in total more than adequately suggests that the 

Crimson Finch in Queensland has suffered a serious decline, a statement 

supported in particular by the historic evidence and by a significant range 

contraction within the state (P = 0.01 ). 

Interpretation: a declining species in Queensland. 

Star Finch Neochmia ruficauda 

The Star Finch has a scattered distribution across the breadth of the study area 

(Fig. 3-48b), an isolated population in the Pilbara region in Western Australia, and 

formerly occurred south to north-eastern New South Wales. Overall, there has 

been no significant range contraction within the study area (P > 0.25). Reporting 

rates varied significantly (Fig. 3-51 a, degree cells model, x2 = 35.5, d.f. = 2, P < 

0.0000001) and the trend is clearly downward although its timing is unclear. In 

core areas, reporting rates also varied significantly (Fig. 3-51 b, x2 = 22.5, d.f. = 2, 

P < 0.0001 ), the trend being downward and progressive. 

Two subspecies have been described, N. r. clarescens north and west of about 

Townsville (23/150) and N. r. ruficauda to the south of Townsville. The subspecies 

involved in sparse recent and historic records on the Barkly Tableland is unknown 

(Holmes 1996). This classification does not coincide with breaks in distribution 

evident in Fig. 3-48b. N. r. clarescens appears to have isolated populations in a. 

the Pilbara (beyond the study area), b. the valley of the Fitzroy River in Western 

Australia, c. the eastern Kimberley and Top End (with possible isolated sub-
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populations) and d. Cape York and the north-east coast of Queensland (with 

possible isolated sub-populations). 

There is insufficient clarity in the records to clearly separate the subspecies and 

populations, and too few records that might be attributable to N. r. ruficauda to 

permit any quantitative analysis. N. r. ruficauda is now extinct beyond the study 

area (Holmes 1996). There has been no significant contraction in the range of the 

north-western populations (west of 137°E) of N. r. clarescens, but the reporting 

rates varied significantly (Fig. 3-52a, x2 = 31.3, d.f. = 2, P < 0.000001) and have 

declined progressively and markedly. A similar trend is apparent for core areas 

(Fig. 3-52b, x2 = 36.8, d.f. = 2, P < 0.0000001 ). The north-eastern population 

(north of 23° South and excluding Barkly Tableland records) of N. r. c/arescens has 

not suffered a significant range contraction (P = 0.25); reporting rates do not 

suggest a decline (Fig. 3-52c) although there were insufficient records for log-linear 

analysis. 

Interpretation: N.r. ruficauda is critically endangered (Holmes 1996). N. r. 

clarescens is a progressively and markedly declining taxon in the Top End and 

Kimberley, but may be persisting without change in other areas. 

Plum-headed Finch Neochmia modesta 

The Plum-headed Finch occurs in the east and south-east of the study area (Fig. 3-

48c), extending south into north-eastern New South Wales. There is no evidence 

of range contraction, and reporting rates have not varied significantly (Fig. 3-53a, 

bioregions model, P > 0.05). For core areas there is no strong evidence of 

variation in reporting rates (Fig. 3-53b; note position of first point on the 1800 -

1950 function), but the data were insufficient for log-linear analysis. 

Interpretation: no evidence of change. 

Red-browed Finch Neochmia temporalis 

The Red-brewed Finch occurs throughout the Australian east and south-east 

coastal areas. There is no significant evidence overall of range contraction (Fig. 3-

54a, P = 0.25). Reporting rate graphics for the species were not generated 
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because list length and reporting rate were not positively correlated during the 1977 

- 1997 period for all cells in which the species was recorded (r 5 = -0 .52, n = 14), for 

core area cells (r5 = -0.65, n = 14) nor for such cells for N. t. temporalis (see below) 

(r5 = -0.51, n = 14). This problem may have arisen because the species is highly 

localised within the study area, perhaps preferring habitats which have a lower 

diversity of granivores than other parts of its study area range. 

Three subspecies of the Red-browed Finch are recognised, of which two occur in 

the study area, N. t. minor on Cape York and N. t. temporalis elsewhere from the 

Atherton Tableland southwards. I considered the subspecies separately by 

assuming a division at 144°E and 17°8. For N. t. minor there are six degree cells 

with only historic records and one with only recent records, but the possible range 

contraction is not statistically significant (P = 0.1 0). Furthermore, a perusal of the 

records does not convincingly provide evidence of a decline, no historical record 

suggesting that the species was ever common on the central-west coast or south

central Cape York, whilst some relatively recent records indicate persistence in this 

remote area (Standfast 1965, Damrow 1966, Garnett & Bredl 1985). There is no 

evidence of range contraction for N. t. temporalis. 

Interpretation: no evidence of change. 

Diamond Firetail Staqonopleura quttata 

A species typical of south-eastern Australian woodlands, the Diamond Firetail 

extends into the study area in the south-east (Fig. 3-54b). There has been no 

statistically significant range contraction. However, there are no recent records 

north of 23°8, and none north-east of 149°E and 25°S, with sufficient historical 

evidence to suggest that a decline has taken place (Table 3-8). Reporting rates 

(Fig. 3-SSa) suggest a decline within the study area, but there were insufficient 

records for log-linear analysis. 

Interpretation: a declining species within the study area, though the evidence is 

anecdotal. 
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Table 3-8: Records of the Diamond Firetail in selected northern degree cells. 

Coordinates Year Observer Reference 

18/145 1916 Campbeii&Barnard C.&B. 1917 

20/145 c. 1900 J.H. Smedley Smedley 1904 

21/145 1970 J. Mason Historical Atlas 

23/149 (1873-1904) C.A.Barnard Barnard 1925 

1900 H.G. Barnard North 1901-14 

(1905-22) C.A.Barnard Barnard 1925 

(1925-33) C.A.Barnard Barnard 1925 

23/150 (1922-24) W.B.Aiexander Historical Atlas 

(1970-74) W. Longmore Longmore 1978 

24/149 1907 ? Historical Atlas 
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Painted Finch Stagonopleura bella 

The Painted Finch occurs in inland parts of the study area (Fig. 3-54c) and in 

central Australia, where it is largely confined to rocky areas with spinifex. This 

habitat specificity contributes to its patchy distribution. There has been no 

significant range contraction (P > 0.25). Although variation in reporting rates 

approached significance (Fig. 3-55b, bioregions model, x2 = 13.6, d.f. = 2, P > 

0.001 ), there was no clear direction to any possible change. There are surprisingly 

few core areas degree cells, preventing effective further analysis. 

Interpretation: no evidence of change. 

Yellow-rumped Mannikin Lonchura flaviprymna 

The Yellow-rumped Mannikin is endemic to the north-west of the study area. There 

is no evidence of range contraction (Fig. 3-56a). There were insufficient records 

for log-linear analysis of reporting rates, but the graphic (Fig. 3-57a, bioregions 

model) does not strongly suggest any change to reporting rates (note position of 

points on 1800 - 1950 line relative to 1977 - 1997 rather than the line itself). 

Interpretation: no evidence of change, but there are few records of the species. 

Chestnut-breasted Mannikin Lonchura castaneothorax 

The Chestnut-breasted Mannikin occurs in New Guinea and coastal areas of 

southern Queensland and New South Wales, as well as most coastal and sub

coastal parts of the study area (Fig. 3-56b). There is no evidence of range 

contraction; on the contrary, the map suggests a possible range expansion in 

inland areas. Reporting rates varied significantly (Fig. 3-57b, bioregions model, x2 

= 31.3, d.f. = 2, P < 0.000001 ), but the direction, and in particular the timing, of 

change is unclear. For core areas, reporting rates also varied significantly (Fig. 3-

57c, x2 = 31.2, d.f. = 2, P < 0.000001 ); there is still considerable ambiguity about 

the timing of change but the core areas graphic more strongly suggests that the 

direction of change is downwards. 
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Two subspecies are recognised, assimilis west of 138°E (=the N.T./Qid border) 

and castaneothorax to the east. However, the separation requires confirmation 

(Biakers eta/. 1984) and the subspecies are not well separated geographically (see 

text in Blakers eta/. 1984; also S. Garnett pers. comm.). Nevertheless, I have 

used this classification as a basis to attempt clarification of reporting rate changes. 

There is no evidence of range contraction for L. c. assimilis. Its reporting rates 

varied significantly (Fig. 3-58a, x2 
= 21.7, d. f.= 2, P < 0.0001 ), but most of the 

variation appears attributable to high reporting rates during the intermediate period. 

With the intermediate time period deleted, there was no significant variation in 

reporting rates (P > 0.05). When the analysis was restricted to core areas, there 

was significant variation in reporting rates (Fig. 3-58b, x2 = 19.5, d.f. = 2, P < 
0.0001; note the retention of the early period function despite the poor correlation 

between list length and reporting rate; r5 = 0.50, n = 3) with the possibility that this 

variation was attributable to high reporting rates in the intermediate period. 

Reanalysis of reporting rates without the intermediate period yielded no significant 

variation (x2 = 5.7, d.f. = 1, P > 0.01 ). 

There is no evidence of range contraction for L. c. castaneothorax. The 

intermediate time period was excluded from reporting rate analysis because of poor 

correlation between list length and reporting rate (r5 = 0.38, n = 5, P > 0.25). There 

was significant variation in reporting rates (Fig. 3-58c, x2 = 18.6, d.f. = 1, P < 
0.0001 ), with a sharp decline evident. This decline occurred notwithstanding the 

considerable predominance of degree cells with only recent records over those with 

only historic records (25 vs 1 0). When analysis was restricted to core areas, 

variation in reporting rates was again significant (Fig. 3-59a, x2 =·21.7, d.f. = 2, P < 
0.0001 ), with a sharp progressive decline evident. Note that the graphic includes 

the function line for the intermediate period despite a poor correlation between list 

length and reporting rate (r5 = 0.50, n = 3). Variation remains significant when the 

intermediate period was removed (x2 = 19.4, d.f. = 1, P < 0.0001 ). 

Interpretation: L. c. castaneothorax is a progressively declining taxon. 
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Pictorella Mannikin Heteromunia pectoralis 

The Pictorella Mannikin is endemic to the Australian tropical woodlands. There is 

no evidence of range contraction (Fig. 3-56c). Reporting rates varied significantly 

(Fig. 3-59b, degree cells model, x2 = 50.0, d.f. = 2, P << 0.0000001) but its timing 

and direction are unclear. For core areas, variation in reporting rates was also 

significant (Fig. 3-59c, x2 = 42.2, d.f. = 2, P < 0.0000001 ), but variation appeared 

largely the product of high reporting rates during the intermediate period and upon 

exclusion of this period, reporting rates in core areas did not vary significantly (x2 = 

6. 7, d.f. = 1, P > 0.001 ). However, in both analyses, reporting rates for the recent 

period were lowest. Reporting rates for core areas in the west of its range, where it 

is relatively abundant and continuous, produced a saturated log-linear model and 

an ambiguous graphic with insufficient data for log-linear analysis. 

Interpretation: no unambiguous evidence of change, but a species to watch as a 

possible decliner. 

Other spec ies 

The Blue-faced Parrot-Finch Erythrura trichroa, a species restricted within 

Australia to a small area of north-east Queensland, is found principally in the Wet 

Tropics bioregion beyond the study area boundary, but occurs very marginally in 

the Einasleigh Uplands bioregion on the Atherton Tableland. It is not considered 

further. 

The non-native House Sparrow Passer domesticus, Eurasian Tree Sparrow Passer 

montanus and Nutmeg Mannikin Lonchura punctulata are considered in Section 

3.3.5 (Exotic Species). 
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3.3.4 Quail, button-quail and Plains Wanderer 

This group comprises three distinct non-passerine phylogenetic lineages, the 

Phasianidae (quail, Order Galliformes), the Turnicidae (button-quail, Order 

Turniciformes) and the Pedionomidae (plains-wanderer, Order Charadriiformes). 

These lineages are convergent in sharing a highly terrestrial lifestyle that includes 

nesting on the ground, mixed granivory and insectivory and an essentially similar 

external morphology featuring a plump body, short tail and short unspecialised bills. 

Difficulties in field identification and change in methods of doing so may have 

affected reporting rates (see section 3.4.1 ). 

Stubble Quail Coturnix pectoralis 

Far more numerous in southern Australia than in the north, within the study area 

the Stubble Quail is most regularly reported in the south-east (Fig. 3-60a). There 

are however, a scattering of records throughout the study area, with relatively 

recent recognition of the species in the Kimberley region of Western Australia 

(Mees 1964). There is no evidence of range contraction. Reporting rates do not 

suggest any consistent trend in variation (Fig. 3-61 a, bioregions model), but there 

were insufficient records for log-linear analysis. 

Interpretation: no evidence of change. 

Brown Quail Coturnix vpsi/ophora 

The Brown Quail is widespread in non-arid coastal and sub-coastal regions of 

Australia, and also occurs in Indonesia and New Guinea. It is widely distributed 

within the study area (Fig. 3-60b), where there is no evidence of range contraction. 

Reporting rates varied significantly (Fig. 3-61b, degree cells model, x2 = 81.7, d.f. = 

2, P << 0.0000001 ), showing a recent decline. A similar pattern was evident for 

core areas (Fig. 3-61 c, x2 = 81.6, d.f. = 2, P << 0.0000001 ). However, both graphs 

appear to suffer from a convergence at long list lengths, a convergence that, 

however, failed to produce a saturated model. 

97 



a. Stubble Quail 

b. Brown Quail 

c. King Quail 

.. Historic record(s) only 
c=J Recent record(s) only 
~ Historic and recent records 

Figure 3-60: Distribution of the Stubble Quail, Brown Quail 
and King Quail in the study area. 
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Figure 3-61: Reporting rates for the Stubble Quail and Brown Quail. 
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There is no subspecific differentiation of the Brown Quail within the study area. In 
an attempt to clarify the above problem, I divided the records at 140°E and 19°S 

into two "populations" marginally isolated on the distribution map (Fig. 3-60b). 

Reporting rates for core areas to the west varied significantly (Fig. 3-62a, x2 = 

64.0, d.f. = 2, P << 0.0000001 ), as also did those to the east (Fig. 3-62b, x2 = 29.5, 

d.f. = 2, P < 0.000001 ). However, in both cases reporting rates appear to converge 

at long list lengths. 

This convergence at longer list lengths suggests that the search techniques 

employed may have changed over time, and that it was only during more thorough 

surveys that Brown Quail were detected evenly in all time periods. I therefore 

conclude that, despite statistically strong variation in reporting rates, the only safe 

conclusion is that there is no evidence of change. 

Interpretation: no evidence of change. 

King Quail Coturnix chinensis 

The King Quail occurs in coastal areas of northern and eastern Australia and 

through much of south-east Asia. There is no evidence of range contraction within 

the study area (Fig. 3-60c). Reporting rates suggest a recent and fairly severe 

decline (Fig. 3-62c) but there were insufficient records to conduct log-linear 

analysis and insufficient core degree cells to warrant separate consideration. 

Interpretation: no unequivocal evidence of change, but a species to watch as a 

possible decliner. 

Red-backed Button-quail Turnix maculosa 

The Red-backed Button-quail is a coastal and sub-coastal species of northern and 

eastern Australia as well as New Guinea and Indonesia. There are significantly 

fewer degree cells with only recent records than with only historic records (Fig. 3-

63a, P < 0.05). Reporting rates were substantially different at lower list lengths but 

converged at longer list lengths (Fig. 3-64a), producing a saturated log-linear 

model. 
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Figure 3-62: Additional reporting rates for the Brown Quail, and reporting rates for the King Quail. 
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a. Red-backed Button-quail 

b. Little Button-quail 

c. Red-chested Button-quail 

.. Historic record(s) only 
[:=J Recent record(s) only 
~ Historic and recent records 

Figure 3-63: Distribution of the Red-backed Button-quail, 
Little Button-quail and Red-chested Button-quail in the study area. 
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Figure 3-64: Reporting rates for the Red-backed Button-quail. 
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lowest rates occurring in the intermediate period (Fig. 3-65b), but there were too 

few records for log-linear analysis. 

Interpretation: no evidence of change. 

Chestnut-backed Button-quail Turnix castanota 

The Chestnut-backed Button-quail in endemic to the tropical woodlands of north

western Australia. There were fewer cells with only recent records than with only 

historic records but the difference was not significant (Fig. 3-66a, P = 0.1 0). 

Reporting rates for the intermediate period were poorly correlated with list length 

(r5 = 0.27, n = 8, P > 0.25) and are not presented in the reporting rate graphic (Fig. 

3-67a). Reporting rates for the other two periods varied significantly (bioregions 

model, x2 
= 62.3, d.f. = 1, P < 0.0000001 ), with a decline evident. In the core area 

the downward trend in reporting rates is equally evident with the decline early or 

perhaps progressive (Fig. 3-67b), although correlations between list length and 

reporting rates are poor and the data of insufficient quality and quantify for log

linear analysis. 

Interpretation: a declining species. 

Buff-breasted Button-quail Turnix olivii 

Remarkably little is known about the Buff-breasted Button-Quail, a species 

occurring in woodlands, especially when adjacent to rainforest, in north-east 

Queensland. Rogers (1995) has reviewed the available records. There is no 

evidence of range contraction (Fig. 3-66b} and there were insufficient records for a 

graphical presentation or log-linear analysis of reporting rates. 

Interpretation: no evidence of change, but a species to watch because of its 

apparent extreme rarity. 
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a. Chestnut-backed Button-quail 

b. Buff-breasted Button-quail 

c. Painted Button-quail 

~ Historic record(s) only 
c=J Recent record(s) only 
CJ Historic and recent records 

Figure 3-66: Distribution of the Chestnut-backed Button-quail, 
Buff-breasted Button-quail and Painted Button-quail in the study area. 
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Painted Button-quail Turnix varia 

The Painted Button-Quail is primarily a bird of south-eastern and south-western 

Australian temperate woodlands, extending sparingly into sub-tropical and tropical 

woodlands along the east coast. There is no evidence of range contraction (Fig. 3-

66c, P > 0.25). There were insufficient records for log-linear analysis of reporting 

rates and the graphic does not clearly suggest any change to these rates (Fig. 3-

67c). 

Interpretation: no evidence of change. 

Other species 

The Black-breasted Button-quail Turnix melanogaster and Plains-wanderer 

Pedionomus torquatus have both been reported very infrequently in the south-east 

of the study area, and are not considered further. 

3.3.5 Exotic species 

Note that log-linear analysis cannot be conducted where an included time period 

contains no records of the species. Note also that all persistent exotic species are 

by definition increasers. 

Rock Dove Columba Iivia 

As pointed out by Blakers eta/. {1994), it is difficult to ascertain the timing of the 

arrival of the Rock Dove in an area because of confusion and indeed interaction 

with aviary birds (homing pigeons) allowed to fly free from time to time. Feral 

stocks probably mostly derive from locally kept aviary birds, and most records are 

for urban centres. The earliest record in the study area was at Mt. lsa (20/139) 

prior to 1950 (per Historical Atlas). It was a common town bird in Townsville 

(19/146) by at least 1963 (Lavery & Hopkins 1963) though it was not listed for the 

same area by Hopkins (1948). The distribution map suggests a strong expansion 

in more recent times particularly in the south-east of the study area but with 

scattered records throughout (Fig. 3-68a). However, reporting rates remain low 
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even in recent times (Fig. 3-69a), which, combined with its patchy distribution 

probably implies that the species is largely confined to urban areas. 

Spotted Turtle-Dove Streptope/ia chinensis 

The first study area report of the Spotted Turtle-Dove, and the only report prior to 

1951 appears to be from Townsville (19/146) in 1926 (MacGillivray 1927), although 

the species may have become locally extinct there before subsequently 

recolonising because it was not listed for Townsville by Hopkins (1948) or Lavery & 

Hopkins (1963). In the study area, the species has only been recorded along the 

Queensland coast north to Cooktown (Fig. 3-68b), where it was first recorded 

during the Field Atlas (1977 - 1981 ). However, reporting rates (Fig. 3-69b) do not 

suggest any ongoing increase. 

House Sparrow Passer domesticus 

The first study area record of the House Sparrow was apparently from the town of 

Miles (26/150) in south-eastern Queensland in 1945 (Sedgwick 1948). It had 

appeared and bred in the Rockhampton and Yeppoon area (23/150) by 1958 and 

was reported from Longreach (23/144) in 1959. Thereafter, its expansion was 

rapid and by 1978 it was breeding in the Torres Strait Islands (1 0/142; Draffan eta/. 

1983). The House Sparrow is now widespread in Queensland but within the study 

area remains largely confined to that state (Fig. 3-70a). 

By 1978, isolated populations appeared around several homesteads on the Barkly 

Tableland in the Northern Territory, and populations persist in the area (pers. obs.). 

A report from Mataranka (14/133) in 1955 (Officer undated) probably requires 

confirmation. A report from Katherine (14/132) in 1981 (D. Moffat per Field Atlas) 

was considered acceptable by Blakers eta/. (1984) but I am unaware of the 

persistence of any population there. 

The dramatic increase in reporting rates of the House Sparrow is shown in Fig. 3-

71a. 
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Eurasian Tree Sparrow Passer montanus 

Within the study area, the Tree Sparrow has been recorded only from Darwin 

{12/130, Fig. 3-?0b), with specimens collected in 1966, 1981 and 1 983 held by the 

Northern Territory Museum and the National Museum of Victoria, and from Groote 

Eylandt (13/136, G. Brennan per A. Noske pers. comm.). The records appear to 

be of solitary individuals that perhaps arrived with ships, and there is no evidence 

of a persistent population in the study area. 

PS In early 1 998, a breeding pair of Eurasian Tree Sparrow with three fledged 

young were found in Darwin. Parks & Wildlife Commission staff have been 

apparently successful in eradicating the population by poisoning (Chapman 1 998). 

Nutmeg Mannikin Lonchura punctulata 

The Nutmeg Mannikin may have been deliberately released in the study area at 

Townsville (19/146) in 1950 and Rockhampton (23/150) shortly thereafter. Its 

spread has been described by Blakers et a/. (1984). Within the study area, it 

remains confined to coastal areas of Queensland (Fig. 3-?0c). Reporting rates are 

illustrated in Figure 3-71 b. 
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3.4 Discussion 

3.4.1 Changing patterns of bird observation 

A fundamental assumption of these analyses is that differences between the 

species present on lists of length x at locality y in different time periods reflect real 

changes in their abundance. Or, to put it another way, the analysis assumes there 

are no systematic time-period-based biases in observation techniques and patterns 

that would affect reporting outcomes. Yet there have been changes to observation 

techniques and patterns. The practical question is: do these changes annul or 

demand serious qualification of the results? 

To a considerable extent ornithology has moved from collection-based studies to 

observation-based studies during the time period covered by these analyses. Early 

records were contributed largely by professional explorer/collectors. By the 1 920's 

a new generation of travelling observers/hobbyists began to appear (e.g. White 

1923). However, the extent to which early studies were dependent on collections 

should not be overstated. Some reports are clearly entirely collection-based, for 

example Masters (1 878), North (1 898) and Hall & Rogers (1902-03). In most 

cases, collections were supplemented, often extensively, by observations (e.g. Hill 

1 91 1, Barnard 1 914a, White 1917, Soderberg 1918), and a significant number of 

early explorers provided reports of travels or systematic studies that were entirely 

observation-based (e.g. Kilgour 1904, Berney 1905-07, Mathews 1910, Crossman 

1 91 0, Barnard 1 91 4b, Kershaw 1914, Wolstenholme 1925). It is also likely that 

species that are difficult to observe, for example quail, were also difficult to collect. 

Without doubt, improved transport and access has enabled observers to travel to 

areas that were previously inaccessible. On the other hand, the sheer difficulty of 

access forced many early observers to travel overland by foot or on horseback, 

taking them into areas that modem observers rarely seek to enter. This represents 

a trade-off which is likely to have reduced serious biases. Furthermore, at the 

bioregional level, I have reduced geographic biases in observation effort by greatly 

reducing ratio inequities between historical and recent records. 

Early observers had a demonstrable tendency to compile longer bird lists than 

recent observers. I believe this trend is attributable to the greatly increased mobility 

enjoyed by modern observers, encouraging travelling relative to residence, and 

casual observation rather than detailed survey by travellers. The potential for bias 
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from this source has been eliminated by using list length as a surrogate for 

observational effort, and controlling for it. 

It is possible that seasonal biases exist in the data, although this could not be 

adequately determined because many lists are unclear as to their dates or were 

compiled over time periods of many months to years. Fortunately, few granivores 

in the study area are migratory or even nomadic at a scale larger than bioregions, 

notable exceptions including the Budgerigar, Cockatiel and Flock Bronzewing. 

Bird identification techniques and resources such as field guides and binoculars 

have improved greatly during the last one hundred years. However, with the 

exception of quail-like birds, all granivorous birds in northern Australia are 

distinctive, obvious and easy to identify. 

I do not believe there is an strong argument that changes in observations 

techniques have greatly affected the species composition of bird lists, although this 

unavoidably remains a subjective judgement, and quail-like birds are a possible 

exception. In dealing with quail-like birds, I have been even more conservative 

than with other species, rejecting evidence of decline, for example, of the Brown 

Quail even though the statistical assessment was overwhelmingly strong. 

3.4.2 Irruptive species 

Species that undergo population irruptions may present a special problem to the 

analysis of both reporting rates and distributions. Reporting rate analyses will be 

most affected where the cycle of irruption is relatively long and the time period is 

relatively short. The latter was the case with the 1 977 - 1 997 period, because the 

vast bulk of records for the recent period were actually collected in the five year 

period 1 977 to 1 981 . Because the pre-1977 periods are effectively much longer 

than the recent period, widespread irruptions were more likely to have occurred; the 

result could be a distribution map that suggests a range contraction when there has 

actually been no change to the species' core distribution. 

For most granivore species in northern Australia there is no evidence to suggest 

irruptive behaviour. Exceptions are the Flock Bronzewing, Budgerigar, Cockatiel, 

Little Button-Quail and perhaps also the Pictorella Mannikin and Night Parrot. All 

except the Pictorella Mannikin are likely to irrupt in particular following favourable 
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(high-rainfall) seasons in arid or semi-arid Australia mostly beyond the study area 

boundary. There was no consistent direction of change to the above species that 

would indicate a universally-applicable scenario. The Flock Bronzewing and 

Budgerigar declined but the Cockatiel and Little Button-Quail did not, the Pictorella 

Mannikin was a possible decliner and there were few records of the Night Parrot. 

Blakers eta/. (1 984) drew attention to the propensity of the Flock Bronzewing to 

steadily increase in abundance in core areas over a period of years; presumably 

also it is capable of being scarce for a number of consecutive years. It is possible 

that the particularly low reporting rates for the species during the recent period are 

in part attributable to such a medium-term population fluctuation. Nevertheless, 

there is ample evidence to show that the species has suffered a serious decline 

(Biakers eta/. 1984, McAIIan 1 996). This evidence includes my analyses which 

indicate a decline from the early to the intermediate time period, which runs counter 

to Blakers et al.'s ( 1 984) suggestion that 1951 to 1 976 was a period of relative 

abundance. 

The marked recent decline in reporting rates for the Budgerigar are a surprising 

result, and one may only speculate that a series of adverse years in critical parts of 

its range may have temporarily depressed its abundance during the Field Atlas 

period. However, the Cockatiel, a species with a similar distribution and seasonal 

pattern of movements (Biakers eta/. 1 984), did not suffer a similar decline, 

suggesting that the Budgerigar may have suffered a real decline. 

3.4.3 Log linear modelling 

Log linear modelling has proved a powerful tool for the analysis of change. Its 

power rests in its ability to make use of lists collected in a non-systematic manner, 

providing relatively large sample sizes for most analyses whilst correcting for what 

is without doubt the single major effect on whether a species appears on a list 

(provided you are within its range, of course) - observation effort, through its proxy, 

list length. 

The potential for this type of analysis as a tool for monitoring further change is 

enormous. Birds Australia has just commenced a new Atlas project (Ambrose 

1 997). Although primarily conceived as a mapping technique, Atlas data provide 

bird lists in greater quantity and for more remote areas and difficult-to-locate 
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species than any other technique. Log-linear comparisons of two Atlas periods, 

both with very large databases to draw on, could be a powerful technique indeed. 

The multi-dimensional nature of log-linear analysis means that it could be used to 

measure change whilst allowing fine control for factors such as the seasonality of 

observations and regional biases in the number of lists available for analysis. 

Indeed, I can think of no other technique that offers serious potential to 

quantitatively monitor change in remote areas. 

A theoretical, and potentially real problem with the approach adopted here to 

monitoring change is that it assumes that reporting rates are a dependent variable 

and observation effort (through its proxy list length) is an independent variable. 

Changes in the abundance of species may affect the relationship between 

observation effort and list length for other species. This effect will be minimal, 

however, because there are both increasing and decreasing species and because 

the effect of change to any one species will be diluted across all others. Note also 

that the larger number of decreasers tend to be rare and more geographically 

restricted than the few increasers. 

A useful way of looking at the problem is that species that have not changed 

provide controls for those that have declined or increased, and it is the difference 

between a particular species and these controls that provides a measure of 

significance. Unfortunately, it is not known a priori which species should be 

controls, so the argument risks circularity. Nevertheless, it is reassuring that many 

species demonstrated no change in reporting rates, or actually show increases, 

and that these fit well with independent judgements about the change (see below). 

The solutions adopted here to the problems of bias has been a. to remove short 

lists from the analysis, b. correct for observation effort via its proxy, list length, c. 

correct for geographic imbalances in the availability of lists, d. eliminate sets of 

lists (i.e. in a given analysis, all lists for a time period) where reporting rate and list 

length were not positively correlated, and e. to take a conservative approach to the 

interpretation of results. I believe these solutions in combination render the general 

scope of the analysis robust. Any remaining problems will be related to geographic 

or observational characteristics of individual species, and should be considered 

post hoc at the level of individual species. 
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3.4.4 Summary and comparisons 

In this chapter I have assessed changes in the abundance of 59 native and five 

non-native granivorous birds occurring in the Australian tropical and sub-tropical 

savannas. My analyses provide strong evidence of change in at least some 

subspecies or populations of 20 native species, with 1 7  species (29%) declining 

and three (5%) increasing. Populations or subspecies of an additional eight native 

species (14%) are flagged as being of possible concern, and of an additional four 

native species (7%) are flagged as possible increasers. In addition, four of the five 

non-native species recorded for the study area have established breeding 

populations. 

These assessments are of change, not of endangerment, rarity or threatened 

status. At least some declining species remain widespread and reasonably 

common, for example the Common Bronzewing and Budgerigar. Rarity may be 

inferrad from restricted distributions and low reporting rates as presented, but only 

after subjective assessment of the "observability" of a species. Note that declining 

range or abundance are but one indicator of threatened species status; rarity is 

another (Mace & Collar 1 994). Indeed, rarity may be the best indicator of extinction 

risk (Gaston 1 994) and species may be naturally rare. 

Nevertheless, comparisons between my assessments and existing assessments of 

threatened status are of interest. All species which Garnett (1 992) assessed as 

Extinct, Endangered, Vulnerable or Rare (Table 3-9) were demonstrated in this 

study to have declined. Garnett also listed six taxa that occur in tropical and sub

tropical savannas, including five endemics, as Insufficiently Known. According to 

my analyses, one of these, the Chestnut-backed Button-Quail, is a declining 

species, whilst another, the Yellow-rumped Mannikin, has not changed in 

abundance. The non-endemic Princess Parrot has been shown to have declined 

within the study area. Two remain unresolved, whilst ssp. evangelinae of the 

Crimson Finch falls within a larger area of decline for that species. 
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Table 3-9: A comparison of assessments by Garnett (1992) and assessments 

in this study. 

Note that Garnett's assessments are for the entire range of each taxon, coinciding 

with this study only for endemic taxa. Taxa endemic to tropical and subtropical 

woodlands are marked thus: *. 

Garnett category 

Extinct 

Endangered 

Vulnerable 

Rare 

Taxa 

Paradise Parrot* 

Golden-shouldered Parrot* 
Star Finch, ssp. ruficauda• 
Gouldian Finch* 

This study 

declining (extinct) 

declining 
declining 
declining 

Partridge Pigeon, ssp. smithii* declining 
Squatter Pigeon, ssp. scripta* declining 
Black-throated Finch, ssp. cincta* declining 

Star Finch, ssp. c/arescens* declining 

Insufficiently Known Buff-breasted Button-Quail* possibly declining 
Chestnut-backed Button-Quail* declining 
Partridge Pigeon, ssp. blaauwi* possibly declining 
Crimson Finch, ssp. evangelinae* probably declining** 
Yellow-rumped Mannikin* no evidence of change 
Princess Parrot declining 

Of Special Concern Flock Bronzewing 
Hooded Parrot* 

declining 
possibly declining 

not listed 

Crimson Finch, ssp. phaeton* 
Pictorella Mannikin* 
Turquoise Parrot 

probably declining in Old.** 
possibly declining 
declining 

Common Bronzewing (western) declining 
Wonga Pigeon declining 
Budgerigar declining 
Diamond Firetail declining 
Chestnut-breasted Mannikin, ssp. 

castaneothorax declining 
Spinifex Pigeon (Old.) possibly declining 
Red-rumped Parrot possibly declining 
Blue Bonnet possibly declining 
King Quail possibly declining 
Red-backed Button-Quail (Old.) possibly declining 

** no exact match possible 
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Other discrepancies arise mainly because Garnett's (1 992) assessment and mine 

do not cover the same area, for example species whose main range is outside the 

study area and are not Threatened there, but which have suffered regional declines 

within the study area (Common Bronzewing, Wonga Pigeon, Turquoise Parrot, 

Diamond Firetail). However, this study has identified one other taxon as a potential 

candidate for listing as threatened, the Flock Bronzewing. Garnett (1 992) classed 

the Flock Bronzewing as "Of Special Concern" but not currently Threatened. My 

analyses have also identified regional declines of several other species about which 

we perhaps should be concerned but are currently not - notably the Budgerigar 

(tropical and sub-tropical savannas only) and ssp. castaneothorax (the eastern 

race) of the Chestnut-breasted Mannikin. 

The assessments provided in this chapter do not lend themselves to direct 

comparisons of rarity or the extent of decline. However, a general measure of the 

severity of decline is provided by the probabilities associated with variation in 

reporting rates. Those declining taxa or populations for which this measure is 

available, along with a few others, are ranked accordingly in Table 3-10. Amongst 

endemic taxa, this evidence suggests that those we should be most concerned 

about are the Paradise Parrot, ssp. ruficauda of the Star Finch, ssp. smithii of the 

Partridge Pigeon, the Gouldian Finch and the Chestnut-backed Button-Quail. 

In this chapter I have presented strong evidence of geographically- and 

taxonomically- widespread change amongst granivorous birds in the northern 

Australian savannas, with 34% of native species exhibiting changes in their 

abundance and a further 20% exhibiting possible change. The ecological 

correlates of decline (and increase) will be considered in the next chapter and the 

geographical distribution of the intensity of decline in Chapter 5. 
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Table 3-10: Declining taxa or populations in the northern Australian 

savannas ranked according to the possible severity of decline. 

Species are only included where there is some quantitative or absolute measure of 

the severity of change. Probabilities are measures of significance of variation in 

reporting rates for whole of range or the next best measure available. " indicates 

endemic to tropical and/or subtropical woodlands. 

Species I subspecies or population Measure of decline 

Paradise Parrot" 

Star Finch, ssp. ruficauda* 

Partridge Pigeon, ssp. smithii* 

Gouldian Finch* 

Chestnut-backed Button-quail* 

Budgerigar 

Flock Bronzewing 

Star Finch, ssp. c/arescens 

(north-west only) 

Squatter Pigeon, ssp. scripta* 

Common Bronzewing (west only) 

Chestnut-breasted Mannikin, ssp. 

castaneothorax 

1 11 

possibly extinct 

critically endangered (Holmes 1 996) 

p < 0.0000001 

p < 0.0000001 

p < 0.0000001 

p < 0.0000001 

p < 0.0000001 

p < 0.000001 

p:: 0.000001 

p:: 0.00003 

p:: 0.00001 
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Chapter 4: ECOLOGICAL CORRELATES OF CHANGE 

4.1 Introduction 

A variety of studies have sought to identify ecological correlates of change in the 

abundance of species. Such studies appear to be very much an Australian 

phenomenon, perhaps reflecting the rapid and relatively recent extinction and/or 

decline of so many vertebrate species. The studies have ranged in geographic 

scope from Australia-wide (Garnett 1 992, Smith & Quin 1 996) to regional (e.g. New 

South Wales, Lunney et a/. 1 997; western New South Wales, Smith & Smith 1994; 

Victoria, Robinson 1 991 ;  Western Australia, Burbidge & McKenzie 1 989), and in 

taxonomic scope from all vertebrates (Burbidge & McKenzie 1989, Lunney eta/. 

1 997), birds (Garnett 1 992) and all mammals (Morton 1990) to specific orders or 

tribes such as parrots (Smith 1 979) or conilurine rodents (Smith & Quin 1 996). 

In such analyses, most authors have simply compared percentages of declining 

and non-declining species for a range of ecological traits separately. Some have 

attempted to statistically test the hypothesis that there are differences between the 

classes (e.g. Garnett 1 992), and several have attempted multivariate analyses 

(Smith & Quin 1 996, Lunney eta/. 1 997). The value of multivariate analyses is, of 

course, that traits may interact. For example, Burbidge & McKenzie (1 989) and 

Morton (1 990) found that herbivorous mammals were more prone to decline or 

extinction than non-herbivorous mammals, but only if they were also in the "critical 

weight range" - large herbivores such as kangaroos have proved remarkably robust 

to European colonisation. Multivariate analysis also avoids the problem of multiple 

tests and the consequent need for a restrictive Bonferroni correction to the 

acceptable level of statistical significance. 

A fundamental problem in any statistical comparative analysis of ecological traits is 

that species are not independent units because many traits persist through 

phylogenies and consequently may not be strongly correlated with contemporary 

conditions (Ridley 1 989). This problem has been ignored in many studies 

(including the above) that have attempted statistical analyses. Theoretically

acceptable solutions to the problem exist (e.g. Felsenstein 1985, Pagel & Harvey 

1 988), but their application to case studies such as those cited is limited by the 

generally small number of species involved and complexities and uncertainties 

about their phylogenetic relationship. An indirect solution is to commence any such 

analysis by considering the relationship between phylogeny and changing status, 



and between phylogeny and ecological traits, and to avoid applying statistical 

hypothesis tests to traits that are phylogenetically linked. 

In this chapter I examine the occurrence of ecological traits amongst declining 

granivorous birds and compare them with those of non-declining species. In order 

to control for phylogenetic influences, I also examine the "guild" structure of these 

traits amongst all granivorous birds in the study area, and how guilds and traits 

relate to the taxonomic relationships of the species particularly at the family level. 

The aim is to determine whether possession of any ecological trait or set of traits 

may render species susceptible to problems in dealing with the changing 

environment of Northern Australia. 

4.2 Methods 

The ecological characteristics of the granivorous birds of northern Australia are 

poorly known and much of the available information is anecdotal. Hence, 

descriptions of traits are often qualitative rather than quantitative, with the result 

that any analysis must be based on the presence or absence of traits. Quantitative 

traits may, however, be included as a series of classes, with the unavoidable 

limitation that quantitative differences become merely categorical. For example, 

weight can be included as say three or more classes, but the presence/absence 

similarity measures will ascribe equal difference between species in different 

classes regardless of which classes are involved. Categorical variables may also 

be included in multi-variate form, for example one might list a series of food types 

as discrete variables. A species may then be scored positively as well as 

negatively for more than one related class, for example if it consumes several types 

of foods or has a range of body weights that span the classes specified. 

I collated the available information about 27 ecological traits (Table 4-1) for the 59 

native granivorous birds considered in detail in Chapter 3. For quail and button

quail, the necessary data were obtained from Marchant & Higgins (1 993) and for 

pigeons and doves from Higgins & Davies (1 996). For cockatoos and parrots, the 

information was collated from HANZAB drafts (per Camilla Myers) where available 

Red-tailed Black-Cockatoo, Little Corella, Major Mitchell's Cockatoo, Sulphur

crested Cockatoo, Cockatiel, Red-winged Parrot, Princess Parrot and Northern 

Rosella, and from Forshaw & Cooper (1981) for the remainder, supplemented by 

information from Crome & Shields (1 992) where necessary. Information about 
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finches was collated from the records of the Gouldian Finch project (Destine & 
Franklin unpubl. data), lmmelmann (1 982) and Blakers eta/. (1 984), supplemented 

by Rogers eta/. (1 986) and Strahan (1 996) where required. 

Table 4-1: Ecological variables used in quantitative analyses of 

characteristics of granivorous bird families, the changing status of the 

species and pattern analysis of ecological guilds. 

Character 

1 .  W 1 0  
2 .  W50 
3. W100 
4. W1 00PLUS 

5. DIET1 
6. DIET2 

7. DIET3 

8. FOR_GROU 
9. FOR_HERB 
10.  FOR_ TREE 

1 1 .  OPEN_NES 
1 2. NEST_GRO 
13.  NEST _LOW 
14. NEST _HOL 
1 5. NEST_BRA 

16. EGGS2 
17. EGGS4 
18. EGGS5PLU 

19. RIPARIAN 
20. ROCK 
2 1 .  WOODLAND 

22. LOCAL 
23. REGIONAL 
24. DISTANCE 

25. FAMILY 
26. FLOCK20 
27. FLOCK20P 

How defined 

Weight, less than 1 Og 
Weight, 1 0-50g 
Weight, 50-1 OOg 
Weight, greater than 1 OOg 

Diet almost solely granivorous 
Diet mostly granivorous but some other foods often 

consumed 
Diet a mix of gran ivory and other foods 

Forages on the ground 
Forages on standing grasses/herbs 
Forages on bushes or trees 

Nest is open ( cf domed or in hollow) 
Nest is on the ground 
Nest is low (generally< 2m), in herbage or shrubs 
Nest is in a tree hollow 
Nest is place on a branch or amongst foliage of a tree 

Clutch size 1-2 
Clutch size 3-4 
Clutch size 5+ 

Occupies riparian habitat 
Occupies rock habitat 
Occupies grassland, woodland or forest not as above 

Sedentary or moves only locally (say< 1 0  km) 
Movements are regional (say 1 0  - 200 km) 
Movements occur over great distances (> 200 km) 

Solitary, in pairs or family parties 
Observed in small flocks to 20 birds 
Observed in flocks of > 20 birds 

114 



Attributes were ignored if they were rare or aberrant, a subjective decision that was 

considered preferable to allowing better-known species to display artefactually 

broad niches. Data were also collated in part for a 28th variable - multi

broodedness, but there was too little information resulting in too many guesses. 

The Night Parrot was deleted from analyses because the available data were 

insufficient to classify it for a number of the variables. Attribute scores for the 

species as utilised in these analyses are presented in Appendix 5. 

Commonly used presence/absence similarity indexes such as the Czekanowski 

coefficient ignore zero/zero matches, a situation that may be desirable in 

community analyses but is clearly inappropriate here. I utilised the simplest of 

coefficients that makes equal use of zero/zero matches and one/one matches - the 

Simple Matching Coefficient (Krebs 1989), in which the similarity of two species is 

the number of traits for which they are matched divided by the total number of 

traits. Species were grouped using Flexible UPGMA with 13 = -0. 1 ,  the entire 

process being performed on the program PATN (Belbin 1994). 

In addition to the ecological traits used to classify species into groups, I also scored 

each species as endemic or not endemic to the Australian tropical and/or 

subtropical woodlands, and scored the breadth of its distribution within the study 

area. The latter was done as a numeric score by counting the number of 

biogeographic regions within the study area in which a species was recorded out of 

a possible four - Kimberley (generally west of 1 30°E), Top End (generally between 

130° and 1 40°E), Cape York (or north of the Burdekin/Lynd Divide, sensu Ford 

1 986, generally north of 20°S in Queensland) and central Queensland (generally 

south of 20°S). These regions were defined in biological context rather than rigidly. 

For example, the White-quilled Rock-Pigeon was treated as occurring only in the 

Kimberley despite occurrences east to about 132°E, and species that extend north 

in Queensland to the wet tropics and/or Atherton Tableland to c. 1 5°S but not into 

the monsoonal woodlands of Cape York (e.g. Crimson Rosella) were not counted 

for the Cape York area. Species scores for these characters are also presented in 

Appendix 5. 
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4.3 Results 

4.3.1 Ecology and phylogeny 

A classification of species based on ecological traits produced four distinct groups 

{Figure 4-1 ), one containing all quail and button-quail, one containing all pigeons, 

one containing most cockatoos and many parrots, especially the arboreal-foraging 

species such as rosellas, and one containing all finches plus several smaller 

ground-foraging parrots - the Cockatiel, Budgerigar, Golden-shouldered Parrot, 

Hooded Parrot and Paradise Parrot. This is strong (though hardly surprising) 

evidence of a relationship between phylogeny and ecology. 

An examination of the traits contributing to the classification (Table 4-2) shows that 

the first division (between quail, button-quail, pigeons and doves on the one hand 

and cockatoos, parrots and finches on the other) was primarily on nest 

characteristics, with the first group predominantly having open nests and often on 

the ground, whereas the latter group never had open nests, rarely nested on the 

ground and frequently nested in hollows. Quail & button-quail were separated from 

pigeons & doves mainly on the basis of diet and clutch size, the former group 

having larger clutches and a more insectivorous diet. The cockatoo & arboreal

foraging parrot group separated from the finch & small parrot group on a medley of 

characteristics but most categorically on the larger size of the former and their 

tendency to arboreal-foraging and a mixed diet. 

There were marked differences between the groups in their levels of endemicity but 

little difference in their distribution breadths (Table 4-2). Endemicity was high in the 

finch & small parrot group and low in the cockatoos & arboreal-foraging parrot 

group and the quail & button-quail group. 

To more directly assess the relationship between ecological traits and phylogeny, I 

recast the table of ecological traits for exact phylogenetic families (Table 4-3). 

Because of the small number of species in each family, it is not possible to 

compare them statistically. Nevertheless, a number of trends are evident. 
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Stubble Quail 
Little Button-a 

Chestnut-backed* 
Buff-breasted B 
Painted Button

Brown Quail 
King Quail 

Red-backed Butt 
Red-chested But 

Common Bronzewi * 
Wonga Pigeon* 

Crested Pigeon 
Bar-shouldered 

Diamond Dove 
Peaceful Dove 

Spinifex Pigeon 
White-quilled A 
Chestnut-quille 
Partridge Pigeo * 

Squatter Pigeon* 
Flock Bronzewin * 

Palm Cockatoo 
Red-winged Parr 
Crimson Rosella 
Northern Rosell 
Australian Ring 

Major Mitchell' 
Sulphur-crested 
Princess Parrot* 

Red-rumped Parr 
Pale-headed Ros 

Blue Bonnet 
Red-tailed Blac 
Yellow-tailed B 

King Parrot 
Galah 

Little Corella 
Cockatiel 

Budgerigar• 
Long-taifed Fin 
Goufdian Finch* 
Black-throated * 

Golden-shoulder* 
Hooded Parrot 

Paradise Parrot* 
Turquoise Parro * 

Painted Finch 
Zebra Finch 

Double-barred F 
Masked Finch 

Crimson Finch* 
Star Finch• 

Red-browed Fire 
Diamond Firetai * 

Plum-headed Fin 
Yellow-rumped M 

Chestnut-breast* 
Pictorella Mann 

I I 

I 
I 

I I 
I 

I 
I 

I 

1 

I 

I 

I 

I I 
I 

I 

I 
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I 
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I 

I 
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I 

I I 
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I 
I 

I 
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1 

l 
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Dissimilarity coefficient 

Figure 4-1: Dendrogram of granivore species grouped by 
ecological traits. Species marked with an asterisk are 
declining species (from Chapter 3). 



Table 4-2: Distribution of ecological traits amongst the four ecological guilds 
identified in Figure 4-1. 
Also included are measures of endemicity and distribution not employed in 
generating Figure 4-1. Group 1 =quail & button-quail ; 2 =pigeons & doves; 3 = 
cockatoos and parrots (some); 4 =finches and some parrots. Traits are as in 
Table 4-1. Values are the percentage of species that scored positively for the trait, 
except for Distribution, where mean score and standard deviation are provided. 

Trait 

OPEN_NES ( 

NEST_GRO( 

NEST_HOL( 

DIETl 

DIET2 

EGGS2 

EGGS4 

WlOO 

WlOOPLUS( 

DIETl ( 

FOR_TREE( 

NEST_LOW( 

NEST_HOL( 

WlO 

wso 
DIET3 

FOR_GROU( 

FOR_HERB( 

NEST_BRA( 

EGGS5PLU( 

RIPARIAN( 

ROCK ( 

WOODLAND( 

LOCAL ( 

REGIONAL( 

DISTANCE( 

FAMILY ( 

FLOCK20 ( 

FLOCK20P( 

11) 
12) 

14) 

5) 

6) 

16) 

17) 
3) 

4) 

5) 
10) 

13) 

14) 

1) 

2 )  
7) 

8) 

9) 

15) 

18) 

19) 

20) 

21) 

2 2 )  

23) 

2 4) 

25) 

26) 

27) 

ENDEMICITY 

DISTRIBUTION mean 

DISTRIBUTION s.d. 

Group number 

1 2 3 4 Significance of traits 

9 12 16 21 Number of species 

78 100 0 
100 50 0 

0 Distinguishes groups 

5 1&2 from 3&4 

0 0 100 

0 100 

100 17 

0 100 

67 0 

78 2 5  

43 

Distinguishes group 

1 from 2 

94 

13 

81 

0 Distinguishes group 3 

95 from 4 

0 0 

44 17 

0 0 

100 100 

0 0 

0 50 

33 0 

44 8 

0 2 5  

78 75 

56 83 

56 42 

33 17 

100 92 

44 75 

0 33 

0 

100 

0 

67 

43 

0 2 9  

0 76 

44 0 

88 100 

0 2 9  

0 38 

56 90 

44 43 

0 5 

100 71 

75 76 

50 33 

6 10 

88 67 

94 95 

44 62 

2 2  33 19 52 

3.0 2 . 8 2.4 2.5 

1.1 1.3 1.3 1.2 

1 17 

Other traits 



Table 4-3: Distribution of ecological traits amongst the six granivore 
families. 
Also included are measures of endemicity and distribution breadth. Group 1 =quail 
(Phasianidae); 2 =button-quail (Turnicidae); 3 =pigeons & doves (Columbidae); 4 
=cockatoos (Cacatuidae); 5 =parrots (Psittacidae); 6 =finches (Passeridae). 
Traits are as in Table 4-1 . Values are the percentage of species that scored 
positively for the trait, except for Distribution, where mean score and standard 
deviation are provided. 

Tra it 

Number of species 

WlO 

W50 

WlOO 

WlOOPLUS( 

DIETl 

DIET2 

DIET3 

FOR_GROU( 

FOR_HERB( 

FOR_TREE( 

OPEt•J_NES ( 

NEST_GRO( 

NEST_LOW( 

NEST_HOL( 

NEST_BRA( 

EGGS2 

EGGS4 

EGGS5PLU( 

RIPARIAN( 

ROCK ( 

WOODLAND( 

LOCAL 

REGIONAL( 

DISTANCE( 

FAMILY 

FLOCK20 

FLOCK20P( 

1) 
2) 
3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

14) 
15) 

16) 

17) 

18) 

19) 

20) 

2 1) 

2 2 )  

23) 

24) 

2 5) 

26) 

27) 

ENDEMICITY 

DISTRIBUTION mean 

DISTRIBUTION s.d. 

Group number 

1 2 3 4 5 6 Trait types 

3 6 12 8 

0 0 0 0 

33 50 17 0 

67 83 2 5  13 

33 50 75 88 

0 0 100 2 5  

100 100 17 63 

0 0 0 38 

100 100 100 100 

0 0 0 0 

0 0 0 63 

100 67 100 0 
100 100 50 0 

0 0 2 5  0 

0 0 0 100 

0 0 50 0 

0 0 100 75 

0 100 0 63 

100 0 0 2 5  

67 33 8 50 

0 0 2 5  0 

67 83 75 100 

67 50 83 63 

67 50 42 75 

33 33 17 13 

100 100 92 75 

67 33 75 88 

0 0 33 75 

14 15 

0 40 Weight 

14 93 

50 0 

57 0 

43 93 Diet 

36 60 

2 9  0 

86 100 Foraging 

0 40 

57 0 

0 0 Nest type/ 

0 7 placement 

2 1  73 

100 2 0 

0 53 

14 0 Clutch size 

100 53 

93 87 

2 9  53 Habitat 

0 7 

100 60 

79 80 Movements 

14 47 

14 0 

93 60 Flock sizes 

100 93 

2 1  73 

0 33 33 

3.7 2.7 2.8 

0.5 1.1 1.3 

0 43 53 

3.1 1.8 2.7 

1.3 1.1 1.0 
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Weight is related to phylogeny, the most distinct families being cockatoos (large) 

and finches (small). Diet is also related to phylogeny, all quail and button-quail 

having a mixed diet but with a predominance of granivory, pigeons & doves the 

most completely granivorous and species with a mixed diet (granivory not 

predominant} being confined to the cockatoos and parrots. There is some 

correspondence between diet and foraging sites, cockatoos and parrots being the 

only arboreal foragers and finches the only herb-layer foragers. 

Collectively, the granivorous birds of northern Australia exhibit great variation in 

nest structure, nest sites and clutch size. However, these traits are also clearly 

related to phylogeny. Quail, button-quail and pigeons & doves are the only families 

with open nests. Quail and button-quail all nest on the ground whereas cockatoos 

and parrots do not and finches rarely do. All parrots and cockatoos nest in hollows 

(in trees or sometimes termite mounds), but the only other species to do so are a 

few finches. Pigeons & doves utilise the greatest diversity in nest sites and quail, 

button-quail and cockatoos the least. Clutch size was the sole ecological 

characteristic that clearly separates quail from button-quail, the former having 

larger clutches and both families having a very consistent clutch size across the 

species. Pigeons & doves have uniformly small clutches, whilst there is much 

variation within the cockatoos and parrots and some variation amongst finches, 

which however tend to have large clutches. 

In contrast to all the previous characteristics, the linkage between phylogeny and 

habitat, movements and flocking habits is weak or non-existent. The small group of 

rock-habitat specialists comprise mostly pigeons. No finch species moves over 

very long distances, but no more than 33% of species in any other family does so. 

Large flocks are rare amongst quail and button-quail and common amongst 

cockatoos and finches, but the latter families display great diversity in their flocking 

habits. 

There were marked differences between families in their endemicity, with high 

levels of endemicity amongst finches and parrots, moderate levels amongst 

pigeons & doves and button-quail and no endemicity amongst quail and cockatoos. 

Recasting the groups into families provides some differentiation on distribution 

breadths, with parrots tending to be localised and quail widespread. 
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These data demonstrate many linkages between ecology and endemicity on the 

one hand and phylogeny (at the level of family) on the other. The classification of 

species on ecological traits emphasises the ecological convergence of the 

unrelated quail and button-quail. Members of all families except the parrots and 

one divergent cockatoo (the Cockatiel) remained together in the classification, both 

families splitting on ecological lines. Only habitat, scale of movements, flocking 

habits and distribution breadth appear relatively independent of phylogeny and thus 

potentially amenable to formal hypothesis testing for differences between declining 

and non-declining species amongst all northern Australian granivorous birds. 

4.3.2 Phylogeny, ecological classification and changing status 

There are insufficient data for statistical analysis of patterns of change across 

families and ecological classifications. However, several features are very obvious 

(Table 4-4; see also Fig. 4-1 ). Declines are spread across most families but are 

concentrated in the pigeons & doves, the parrots and the finches, where between 

36 and 42 % of species are declining. Amongst parrots, 57% of species are 

declining or possibly declining. In contrast, no cockatoo species is declining or 

even possibly declining in the study area. Fully 75% of pigeon & dove species are 

possibly or actually changing in status. 

Because of the correspondence between ecological and phylogenetic 

classifications, ecological classification produced similar results for quail, button

quail and pigeons & doves in this picture. However, the cockatoo and parrot 

families were divided and some grouped with the finches, with dramatic results. 

Nearly all declining and possibly declining species of parrots (and cockatoos) were 

classified with the finches, suggesting that declining species are small in size, 

forage on the ground or from herbage and have an entirely or largely granivorous 

diet. Smallness is not consistent with the high incidence of decline amongst 

pigeons & doves, since the smallest species (Diamond Dove, Peaceful Dove) were 

classified as •no change" and an increasing species respectively. However, 

ground-foraging and a more strictly granivorous diet is. 
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Table 4-4: Changing status of the species according to phylogeny and 

ecological classification. 

Each species is attributed to the most extreme class of change that any subspecies 

or population was assessed for. The first figure is the number of species; the 

bracketed figure is the percentage of species in the family. Assessments of 

change from Chapter 3. 

Family/Group Decline 

Phasianidae (quail) 0 (0) 

Turnicidae (button-quail) 1 (17) 

Columbidae 5 (42) 

(pigeons and doves) 

Cacatuidae (cockatoos) 0 (0) 

Psittacidae (parrots) 5 (36) 

Passeridae (finches) 6 (40) 

Classification group 1 1 (11 ) 

Classification group 2 5 (42) 

Classification group 3 1 (6) 

Classification group 4 1 0  (48) 

No. of species 

Possible 
decline 

1 (33) 

2 (33) 

1 (8) 

0 (0) 

3 (21) 

1 (7) 

3 (33) 

1 (8) 

2 ( 1 3) 

2 (1  0) 

No 
change 

2 (67) 

3 (50) 

3 (25) 

6 (75) 

5 {36) 

7 (47) 

5 (56) 

3 (25) 

1 0  (63) 

8 (38) 

Possible 
increase Increase 

0 (0) 0 (0) 

0 (0) 0 (0) 

1 (8) 2 (1 7) 

1 (13) 1 (13) 

1 (7) 0 {0) 

1 (7) 0 (0) 

0 (0) 0 (0) 

1 (8) 2 ( 1 7) 

2 ( 1 3) 1 (6)  

1 (5) 0 (0) 

The declining or possibly declining species that remained in the cockatoo/parrot 

classification group were the Princess Parrot, Blue Bonnet and Red-rumped Parrot. 

All three are very marginal to the study area. Furthermore, the Blue Bonnet and 

Red-rumped Parrot are fairly small, predominantly (Blue Bonnet) or solely (Red

rumped Parrot) ground-foraging and primarily granivorous, though both and 

especially the Red-rumped Parrot also consume a range of other foods (Forshaw & 
Cooper 1 981 ) . 
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4.3.3 Ecological and distributional traits and patterns of change 

A tabulation of ecological and distributional traits for declining and non-declining 

species produced only one consistent and marked difference - declining species 

are more likely to be largely or solely granivorous than are non-declining species 

(Table 4-5). Other possible differences are that declining species are less likely to 

weigh over 1 OOg, are less likely to forage arboreally, have larger clutches, are less 

likely to occupy riparian habitat and are more likely to be endemics. No declining 

species and only one possibly-declining species was a rock habitat specialist, but 

only 7% of all species were rock habitat specialists. Even though I did not apply a 

Bonferroni correction to the analyses, declining and non-declining species did not 

differ significantly for any of the traits suitable for statistical comparisons, including 

riparian habitat (Declining1, P = 0.24; Declining2, P = 0.1 1  ). 

Consideration of traits of declining species alone reveals great internal consistency 

in the following characters but no others: the diet is solely or predominantly 

granivorous, all forage on the ground and only one (the Princess Parrot) also 

forages arboreally, and none is a rock-habitat specialist (from Appendix 5). 

However, this set of characters becomes less-definitive when possibly-declining 

species are considered, provides poor definition of the no-change group and even 

includes a majority of increasing and possibly-increasing species (Table 4-6). 

The above analyses are uncontrolled for phylogeny. For example, most of the 

prima facie traits of declining species correspond negatively with cockatoos, a 

family for which there is no evidence of decline in northern Australia - cockatoos 

tend to have mixed diets, forage arboreally, weigh more than 1 OOg and have small 

clutches, and none are endemic to the study area. I therefore examined the 

characteristics indicated in the previous two paragraphs for families separately. 

There were no marked ecological differences between declining and non-declining 

pigeons & doves (Table 4-7). There was perhaps a slight tendency for non

declining species to have a more varied, less-granivorous diet. Some traits 

characteristic of declining granivores in general (diet predominantly granivorous, 

foraging not arboreal) were consistent across the entire family, but for clutch size 

the contrary pattern is noted, with all pigeons & doves having clutches of one or 

two. 
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Table 4-5: Distribution of ecological traits, endemicity and distribution 
breadth between declining and non-declining species. 
Two sets of comparisons are made. "Declining1 "  compares "declining" species 
with all others. "Declining2" compares "declining" and "possibly declining" species 
with all others. "Yes" indicates the declining group and "No" the non-declining 
group. Values are percentages of species. Decline assessments are from Chapter 
3. Traits are as defined in section 4.2. For traits subject to statistical tests (two-
tailed Fishers Exact Test or t-test), probabilities are given after the "No" value (n.s. 
=not significant). 

Declining1 Declining2 
Trait/character Yes No Yes No 

W10 ( 1 )  1 2  1 0  8 1 2  
W50 {2} 47 34 44 33 
W100 (3) 29 32 40 24 
W1 00PLUS (4) 35 54 36 58 

DIET1 (5) 82 49 72 48 
DIET2 (6) 35 59 48 55 
DIET3 (7) 0 1 7  0 21 

FOR_GROU {8) 100 95 1 00 94 
FOR_HERB (9) 1 8  7 1 2  9 
FOR_ TREE (1 0) 6 29 8 33 

OPEN_NES ( 1 1 )  35 32 36 30 
NEST_GRO {12} 24 29 32 24 
NEST_LOW {13} 29 29 28 30 
NEST_HOL {14) 41 44 40 45 
NEST_BRA (15) 35 20 24 24 

EGGS2 {16} 35 34 28 39 
EGGS4 {17} 41 63 52 61 
EGGS5PLU (18) 65 49 64 45 

RIPARIAN {19} 24 41 n.s. 24 45 n.s. 

ROCK (20) 0 1 0  n.s. 4 9 n.s. 

WOODLAND (21 )  82 80 n.s. 80 82 n.s. 

LOCAL (22) 76 73 n.s. 76 73 n.s. 

REGIONAL (23) 35 46 n.s. 40 45 n.s. 

DISTANCE (24) 18  12 n.s. 1 2  15 n.s. 

FAMILY {25) 71 88 n.s. 80 85 n.s. 

FLOCK20 (26) 82 83 n.s. 76 88 n.s. 

FLOCK20P (27) 41 41 n.s. 40 42 n.s. 

ENDEMICITY 47 29 44 27 

DISTRIBUTION mean 2.47 2.68 n.s. 2.40 2.79 n.s. 

DISTRIBUTION s.d. 1.24 1 .22 1 .26 1 . 1 7  

Number of species 1 7  41 25 33 
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Table 4-6: Success of the ecological traits associated with declining species 

in defining species grouped according to their changing status. 

The traits are: has a predominantly or entirely granivorous diet, forages on the 

ground and/or amongst standing herbage, and is not a rock-habitat specialist. 

Group Percent showing traits of "declining" species n 

Declining 
Possibly declining 
No change 
Possibly increasing 
Increasing 

94 
75 
54 
50 

100 

1 7  
8 

26 
4 
3 

Table 4-7: Distribution of selected ecological traits between declining and 

non-declining pigeons & doves. 

The percentage occurrence of traits is compared for declining species (Decl.) and 

non-declining species (Non-decl.). For Declining1 , "declining" is as defined in 

Chapter 3. For Declining2, "declining" (and in a complimentary manner, the "non

declining" group) are redefined to also include species classed in Chapter 3 as 

possibly declining. Traits are as defined in section 4.2. 

Declining1 Declining2 
Trait/character Decl. Non-decl. Decl. Non-decl. 

W1 00PLUS (4) 80 71 83 67 

DIET1 (5) 1 00 100 100 100 

DIET2 (6) 0 29 0 33 

DIET3 (7) 0 0 0 0 

FOR_ TREE (1 0) 0 0 0 0 

EGGS2 ( 1 6) 100 1 00 100 100 

EGGS4 (17) 0 0 0 0 

EGGS5PLU ( 1 8) 0 0 0 0 

RIPARIAN ( 1 9) 0 14  0 1 7  

ENDEMICITY 40 29 33 33 

Number of species 5 7 6 6 
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In marked contrast to the pigeons & doves, there are major differences in the 

ecology of declining and non-declining parrots (Table 4-8), with declining species 

being smaller, more exclusively granivorous, less likely to forage arboreally and 

less likely to occupy riparian habitat. The traits involved clearly co-vary. These 

differences may be somewhat correlated with within-family phylogeny. In 

particular, the rosellas (Piatycercus) and their relatives the ringnecks (Barnardius) 

are non-decliners, whereas two of the three study-area-endemic grass-parrots 

(Psephotus) are decliners. However, there is no tendency beyond the above for 

declining and non-declining genera to form discrete sub-familial clusters (cf 
classifications in Christidis eta/. 1 991 ). Large clutch size, a trait possibly typical of 

declining species, is characteristic of most species of the family. 

Table 4-8: Distribution of selected ecological traits between declining and 

non-declining parrots. 

The percentage occurrence of traits is compared for declining species (Decl.) and 

non-declining species (Non-decl.). For Declining1 ,  "declining" is as defined in 

Chapter 3. For Declining2, "declining" (and in a complimentary manner, the "non

declining" group) are redefined to also include species classed in Chapter 3 as 

possibly declining. Traits are as defined in section 4.2. 

T raitlcharacter 

W100PLUS (4) 

DIET1 (5) 

DIET2 (6) 

DIET3 (7) 

FOR_ TREE ( 1 0) 

EGGS2 (16) 

EGGS4 (17) 

EGGSSPLU (18) 

RIPARIAN ( 1 9) 

ENDEMICITY 

Number of species 

Declining1 

Decl. Non-decl. 

20 78 

80 22 

20 44 

0 44 

20 78 

20 1 1  

1 00 100 

1 00 89 

0 44 

40 44 

5 9 
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Declining2 

Decl. Non-decl. 

25 100 

75 0 

38 33 

0 67 

25 100 

1 3  1 7  

100 100 

1 00 83 

0 67 

38 50 

8 6 



Within the finches, the only possible difference between declining and non

declining species was that declining species tended quite strongly to have 

consistently larger clutches (Table 4-9). Weight, diet and foraging traits that are 

prima facie correlated with decline occur uniformly across the family. 

Table 4-9: Distribution of selected ecological traits between declining and 

non-declining finches. 

The percentage occurrence of traits is compared for declining species (Oecl.) and 

non-declining species (Non-decl .). For Definition 1 ,  "declining" is as defined in 

Chapter 3. For Oefinition2, "declining" (and in a complimentary manner, the "non

declining" group) are redefined to also include species classed in Chapter 3 as 

possibly declining. Traits are as defined in section 4.2. 

Declining1 Declining2 

Trait/character Decl. Non-decl. Decl. Non-decl. 

W1 00PLUS (4) 0 0 0 0 

DIET1 (5) 83 100 86 100 

DIET2 (6) 67 56 71 50 

DIET3 (7) 0 0 0 0 

FOR_ TREE (1 0) 0 0 0 0 

EGGS2 ( 1 6) 0 0 0 0 

EGGS4 (17) 1 7  78 29 75 

EGGS5PLU (18) 100 78 100 75 

RIPARIAN (19) 67 44 57 50 

ENDEMICITY 50 56 57 50 

Number of species 6 9 7 8 
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4.4 Discussion 

"Decline" was widely but unevenly distributed amongst the families of granivorous 

birds in northern Australia, with finches, parrots and pigeons & doves most affected 

and cockatoos least affected. Ecological traits were also strongly linked to 

phylogeny. A classification of species by ecological traits produced four reasonably 

distinct groups, one of which consisted solely and absolutely of the family 

Columbidae, one of which combined all members of the Phasianidae and 

Turnicidae to the exclusion of all others, and one of which contained all of the 

Passeridae though also some members of the Psittacidae and Cacatuidae. 

However, the classification of species by traits also provided some evidence of 

ecological consistency amongst declining species. It did so by largely separating 

declining and non-declining members of the Psittacidae, combining most of the 

declining species with the finches, the latter a family with a high frequency of 

declining species. The separation of the two groups was driven by linked 

differences in foraging behaviour and diet, obligate ground- and herbage foragers 

with a more restricted, obligately granivorous diet being most susceptible to 

decline. Diet was also a major character dividing the pigeons & doves from the 

quail & button-quail, the more obligately-granivorous pigeons & doves also having 

the highest frequency of decline. 

This analysis primarily considered phylogeny at the family level. At the generic 

level, there were some correlations between decline, ecological traits and 

phylogeny in the Psittacidae. Clearly, amongst the granivorous birds of northern 

Australia, ecology, phylogeny and decline are strongly interrelated, restricting 

further analysis to qualitative and mostly univariate comparison of frequencies of 

traits. 

These analyses produced little but to provide some additional support to the 

conclusion derived from the classification - that ground- or herbage-foragers and 

especially those with a diet largely restricted to gran ivory are the group most prone 

to decline. Rock-dwelling habitat specialists were not prone to decline, but the 

number of cases is too small to be definitive. Reproductive behaviour, distribution 

breadth and endemicity do not appear to be major risk factors. 
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The set of traits here identified as risk factors was near universal amongst the 

declining species. The sole exception was the Princess Parrot, an arid-zone 

species (Blyth & Burbidge 1 997) with a marginal occurrence in the study area. 

Processes affecting arid-zone birds may be fundamentally quite different to those 

affecting birds in the tropical woodlands (Reid & Fleming 1992 cfthis study). 

However, not only did this set of traits poorly exclude non-declining species, but it 

also included all the increasing and half of the possibly-increasing species. This 

seeming anomaly of traits shared between declining and increasing species may in 

itself be informative, having some parallels amongst birds of arid and semi-arid 

Australia (Reid & Fleming 1992, Smith & Smith 1994). This anomaly, along with 

general comparisons with the fauna of other parts of Australia and the wider 

implications of these analyses are explored in more detail in Chapter 6. 
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CHAPTER 5: GEOGRAPHIC AND TEMPORAL PATTERNS OF CHANGE 

5.1 Introduction 

The declines demonstrated in Chapter 3 have occurred almost throughout northern 

Australia. The Paradise Parrot and declining subspecies of the Squatter Pigeon, 

Black-throated Finch and Star Finch were all strongly associated with the 

subtropical savannas of central-eastern and south-eastern Queensland, as also are 

the declines of the Turquoise Parrot and Diamond Firetail within the study area. 

On Cape York Peninsula, the Golden-shouldered Parrot is in serious trouble. The 

Gouldian Finch has disappeared from many parts of tropical Queensland both on 

and south of Cape York Peninsula. In north-western Australia, there have been 

declines amongst widespread species such as the Common Bronzewing, Chestnut

backed Button-quail and Gouldian Finch as well as localised species (the Partridge 

Pigeon). At least one species, the Star Finch, appears to be declining throughout 

the northern savannas, as are two that are widespread in more arid parts of the 

study area, the Flock Bronzewing and Budgerigar. 

However, what is not clear from these summaries is whether the decline of 

granivorous birds has been more severe in some regions than others. If declines 

are unevenly distributed in geographical space, then there is potential to relate this 

unevenness to spatial environmental and disturbance correlates and in this way 

shed light on threatening processes. 

Some data on the timing of change were also presented in Chapter 3. The timing 

is of particular relevance in distinguishing possible causes or correlates of decline 

where there have been two temporally-separated disturbance factors. This is the 

case in the brigalow areas of central and south-eastern Queensland, where a 

pastoral era preceded intensive land-clearing. 

In this chapter, I develop an index of decline for degree cells which can be used to 

examine the geographic patterning of decline across northern Australia. I also 

provide a brief summary and review of the evidence concerning the timing of 

change, with particular emphasis on decline in the subtropical savannas of 

Queensland. It was my intention to undertake a quantitative analysis of 

environmental and disturbance correlates of the geographic index of decline, but 

digitisation and summary of the necessary data, which is being undertaken as a 

separate project under the auspices of the Cooperative Research Centre for the 



Sustainable Development of Tropical Savannas, was not completed in time. 

Instead, in the final chapter of this thesis, I qualitatively review the correlates of 

change and in particular decline. 

5.2 Methods 

5.2.1 A geographic index of decline 

An index of decline which is independent for each degree cell may be derived from 

the historic database compiled and analysed in a different context in Chapter 3. A 

simple, first approximation would be to sum the number of species in each cell for 

which there was a historic record but not a recent record, hereafter referred to as 

the raw index of decline. As defined in Chapter 3, the historic period comprises all 

records prior to 1 977 and the recent period all records since then, an arbitrary but 

pragmatic division based on the availability of Field Atlas records (Biakers eta/. 

1 984) as a benchmark for the modern distribution of Australian birds. 

It would be reasonable to assume that the raw index of decline would be biased by 

the relative strengths of the historic and recent record and by the absolute strength 

of the historic record. For example, it would be more difficult to detect decline in a 

cell with very many recent records and relatively few historic records than in a cell 

with equal numbers of both. In cells with similar ratios of historic to recent records, 

decline would be more difficult to detect in the cell with fewer historic records than 

in one with many. Furthermore, if the number of records for either the historic or 

recent period was very low, the index could be seriously distorted. To put the latter 

problem in statistical terms, as sample size decreases, variance increases such 

that at very low sample sizes one would have very little confidence in the index 

estimate. Preliminary graphical analysis provided clear qualitative evidence of the 

reality of these problems. The steps taken to deal with them and derive a useful 

index of decline are as follows: 

To deal with the problem of the absolute size of the historic record, I divided the 

raw index of decline by the total number of species recorded for the cell during the 

historic period, producing a proportional index of decline. 
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I then plotted the proportional index of decline against the proportion of granivore 

records that were historic. The plot identified a number of marked outliers, 

examination of the records for which suggested that cells with 1 0 or fewer historic 

or recent records were prone to severe distortion. All 42 cells with 1 0  or fewer 

historic or recent records, whether they were outliers or not, were therefore deleted. 

The plot for the remaining 1 58 cells is shown in Figure 5-1. There was a strong 

positive relationship between the proportional index of decline and the proportion of 

granivore records that were historic (PGH): 

proportional index of decline = 0.5207 PGH + 0. 1 003; (1)  

r = 0.57; F = 76.4; d.f. = 1 , 1 57; P < 0.001 

confirming the existence of bias resulting from the relative strength of the historic 

record. However, the regression line has a positive y-intercept, which is logically 

absurd - when there are no historic records and therefore the proportion of 

granivore records that were historic is nil, how can there be a positive proportional 

index of decline? I therefore forced a regression line through the origin, producing 

the regression: 

proportional index of decline = 0.8278 PGH (2). 

This is the regression line il lustrated in Figure 5-1 . Although the regression 

coefficient and associated probability cannot be calculated (it is not a least squares 

regression), the result is both logical and intuitively a reasonable fit to the data. I 

therefore calculated residuals from equation 2 (the residual index of decline). For 

ease of interpretation, I added a constant (the absolute value of the largest 

negative residual + 0.00001) to all values of the residual index of decline to ensure 

that all values were positive. This is the index of decline presented in this chapter. 

The presence of spatial auto-correlation in the index of decline was examined using 

Moran's I (Sokal & Oden 1 978, Legendre & Fortin 1 989). I tested the one-tailed 

hypothesis that positive auto-correlation existed at the level of adjacent degree 

cells. The test was conducted using the program morans.prg (Appendix 3), based 

on the formulae in Sokal & Oden (1 978) and checked for accuracy using a worked 

example in that reference. To facilitate interpretation of geographic patterning in 

the index, I calculated a smoothed index of decline by replacing the calculated 
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index values with a weighted mean of a moving window of 9 blocks, with the central 

block (if available) weighted triple, available adjacent blocks weighted double and 

available diagonal blocks weighted single . 
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Figure 5-1: Relationship between the proportion of granivore records that 

were historic and the proportional index of decline. 
Points represent degree cells (n = 1 58). The regression line has been forced 

through the origin, and is described by the equation y = 0.8278x. 

5.2.2 The timing of decline 

.8 

I am unaware of any reasonable quantitative method for defining the timing of the 

decline of species more precisely than in the periods identified in Chapter 3. In this 

section, I provide a summary of those data. In addition, for declining species or 

populations associated with the subtropical savannas, I review the published 

summaries and records contained within my historic database. 
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5.3 Results 

5.3.1 The geography of decline 

The 42 degree cells eliminated from computation of the index of decline were 

distributed fairly uniformly across the study area (Fig. 5-2a), thus avoiding any 

serious geographic bias. Index scores for the remaining 158 cells suggest that 

decline has not been either evenly or randomly dispersed across the northern 

Australian iandscape, and there was significant geographic clustering of values of 

the index of decline (Moran's I =  0.312, n = 1 58, Standard Normal Deviate Z = 4.77, 

P < 0.0001 ). The underlying patterning is illustrated in Figure 5-2b. 

Decline has been more severe and widespread in Queensland than in the Northern 

Territory or Western Australia. Within Queensland it has been most severe in a 

triangle from Rockhampton north to Townsville and inland to Longreach (bioregions 

Brigalow Belt North and Desert Uplands) and least intense on Cape York 

Peninsula. In the Northern Territory and Western Australia, decline has been most 

severe in the south and least severe in the north Kimberley, eastern Arnhem Land, 

and on Melville and Bathurst Islands. It is unclear whether or to what extent the 

considerable noise in these patterns (Fig. 5-2a) is attributable to real variation in the 

intensity of decline or to variance in the reliability of the historic data set. 

5.3.2 The timing of decline 

Almost all changes in abundance occurred or began to occur prior to or about 1 950 

(Table 5-1 ). The sole clear exception is that of the recent decline of the 

Budgerigar. In six declining species, the decline is progressive in the sense that a 

further decline is also evident in the second and most recent available contrast, that 

of 1 951 - 1976 with 1 977-1 997. All three indigenous increasing species show 

progressive increases. Interestingly, the four exotic species are all early increasers 

with no graphical evidence of ongoing increase, and in the case of the Nutmeg 

Mannikin, a recent decline may have occurred (Fig. 3-70b). 
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a. the index of decline 

b. the smoothed index of decline 

Index scores 
-0-0.3 
D o.31-0.4 
D o.41-o.5 
- 0.51-0.8 

Figure 5-2: The geographic distribution of indices of decline. 
The empty cells in a. are those with 10 or fewer historic 
or recent records (see Methods). 



Table 5-1: The timing of change for species, summarised from Chapter 3. 

The timing of change has been assessed subjectively from reporting rate graphics 

and/or other evidence in Chapter 3 for those species or populations for which a 

change of status is demonstrated. Early change means that reporting rates for 

1951-1 976 and 1977-1997 were similar but differed from those for 1 800-1950. 

Progressive change means that reporting rates for the three periods differ and the 

sequence is progressive. Recent change means that reporting rates for 1 800-1 950 

and 1951-1 976 were similar but differed from those for 1 977-1997. 

Direction and timing of change 

Early decline 

Progressive decline 

Recent decline 

Decline, timing unclear 

Early increase 

Progressive increase 

Recent increase 

Species or population 

Common Bronzewing, western areas 
Squatter Pigeon, ssp. scripta• 
Princess Parrot 
Golden-shouldered Parrot 
Paradise Parrot• 
Turquoise Parrot* 
Crimson Finch 
Star Finch, ssp. ruficauda** 
Diamond Firetail* 

Flock Bronzewing 
Partridge Pigeon, ssp. smithii 
Wonga Pigeon 
Gouldian Finch 
Star Finch, ssp. clarescens 
Chestnut-breasted Mannikin 

Budgerigar 
? Black-throated Finch, ssp. cincta** 

Chestnut-backed Button-quail 

Rock Dove 
Spotted Turtle-dove 
House Sparrow 
Nutmeg Mannikin 

Crested Pigeon 
Peaceful Dove 
Galah, coastal areas 

* & ** species or subspecies associated, at least within the study area, with the 
subtropical savannas. The timing of decline in these populations is reviewed 
below. For subspecies marked with a double asterisk, the reasons for their 
classification in the above table are explained in this review. 
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One declining species (Paradise Parrot} and three declining subspecies (of 

Squatter Pigeon, Black-throated Finch and Star Finch} are or were more or less 

endemic to the subtropical savannas. The Turquoise Parrot and Diamond Firetail, 

both primarily temperate woodland species and both declining in their limited 

occurrence in the study area, are also confined within the study area to the 

subtropical savannas. The decline of the Crimson Finch has also been particularly 

acute in the subtropical sav�nnas. Case histories for these seven taxa are 

summarised below, though there is regrettably little spatial and/or temporal 

consistency in anecdotal accounts for the area with which to define the timing of 

decline. 

Squatter Pigeon, ssp. scripta 

The decline of ssp. scripta of the Squatter Pigeon has been progressive from the 

south. Formerly at least locally common in the subtropical savannas of Northern 

New South Wales and occasionally reported in other habitats there, it is has been 

rarely reported south of 30° this century (Biakers et a/. 1 984) and is now extremely 

rare in that state. In Queensland, the subspecies is regarded as still moderately 

common in the northern part of its range, with a stronghold in the Burdekin River 

valley inland from Townsville (c. 20°8) (Garnett 1992). Between there and the New 

South Wales border, it remains quite widespread (Biakers et a/. 1 984; see also Fig. 

3-9c, this thesis}, but at least some populations are small and remnant (Garnett 

1992}. 

Gilbert (1 844-45) reported the species to be in vast numbers at one location 

(22/148) and abundant near his camp at another (23/1 48). Much more recently, 

McEvoy and Kirkpatrick (1971 ) found the species to be common in the north of 

Booringa Shire (c. 25/147) but uncommon in the south (c. 26/147) during surveys 

conducted from 1968 to 1970, whilst Kirkpatrick and Amos (1 977) reported that it 

was uncommon and restricted to open forest habitats to the south-east, in 

Milmerran Shire (27/150), during 1 971 and 1 972. The only account that provides 

any clear evidence of change is that of Barnard (1 925). He noted that it was 

plentiful on a pastoral property on the Dawson River (23/149) from the beginning of 

observations in 1873 until abruptly disappearing in c. 1 904, although it reappeared 

in very small numbers almost three decades later (Barnard 1 934) and has persisted 

in the degree cell through to recent times (Field Atlas records). Analysis of 

reporting rates (Chapter 3) demonstrated a very marked early decline in 

abundance for the subspecies (defined arbitrarily as all records of the Squatter 
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Pigeon south of 20°S), suggesting that the decline was at least well under way by 

1 950. 

Conclusion: the sparse record suggests that the decline of the Squatter Pigeon in 

the Queensland brigalow belt has been patchy but locally severe, and that the 

decline occurred during the first half of this century. 

Paradise Parrot 

The probable extinction of the Paradise Parrot has prompted particularly thorough 

documentation of the relatively few records of the species (e.g. Chisholm 1 922, 

Vernon 1 97 1 ,  Forshaw & Cooper 1 981 ). The last reliable report of the Paradise 

Parrot is generally credited to C. Jerrard in 1927 (Isles 1997), the record referring 

to the Burnett River district of Queensland (25/1 5 1 )  just east of my study area 

boundary. 

The Paradise Parrot may never have been an abundant species, occurring patchily 

within its range (Forshaw & Cooper 1981 ). Nevertheless, it was at least locally 

common prior to 1 900 (Gilbert 1 844-45, Edwards 1 922, Barnard 1 925, Chisholm 

1 927, Vernon 1 971 ). Barnard {1 925) documented its disappearance from several 

pastoral properties within my study area during the latter part of the 1 9th century or 

early part of the 20th century. Of 24 reports for the study area, 21 are prior to 1 900 

and the most recent is from 1 91 8. Regardless of the plausibility of subsequent 

reports, the cataclysmic decline of the Paradise Parrot in the study area was near 

complete by the first few years of the 20th century. 

Turquoise Parrot 

Very little attention has been paid to the status of the Turquoise Parrot in the 

subtropics. In contrast, the marked decline and subsequent recovery of the main 

temperate zone populations have been quite well documented (Jarman 1 973, 

Forshaw & Cooper 1 98 1 ,  Traill 1 988, Quin & Baker-Gabb 1 993). In the study area, 

the species is now restricted to two degree cells in the far south-eastern corner 

(Fig. 3-37c), where Kirkpatrick and Amos (1 977) noted it as common in open forest 

during 1 97 1  to 1 972. Presumably, this is part of the south-east Queensland 

population which has recovered well since 1 930 (Forshaw & Cooper 1 981 ). 
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Forshaw and Cooper (1981) noted the contrasting lack of recovery further north in 

the subtropics. Gilbert (1 844-45) recorded the species on four occasions during his 

epic journey through the study area, noting on one occasion (21/147, the most 

north-westerly location from which the species has ever been reported) that is was 

very common. The only subsequent records from the study area, excluding the two 

south-easterly cells mentioned in the previous paragraph, were between 1 921 and 

1930 (B.K. Mills, unpublished record per Historic Atlas) and an unverified Historic 

Atlas record dated somewhere between 1 901 and 1950. Clearly, the decline of the 

Turquoise Parrot in the study area occurred during the 1 9th century. 

Crimson Finch 

As described in Chapter 3, there is an apparently isolated population of the 

Crimson Finch south of 21 os in Queensland, but its taxonomic status is unclear. 

Records of this population were also reviewed in Chapter 3 (p90). It was noted that 

the species was at least locally abundant in 1845, and that all "historic" records are 

from prior to 1 900. A small persisting population has been recently "rediscovered" 

and attracted particular comment (Wilson 1 988, 1 990; Holmes 1 996). The sparse 

record makes it highly likely that the population declined during the 1 9th century or 

very soon afterwards. 

Star Finch, ssp. ruficauda 

I can add nothing to the review of the very sparse record of this subspecies by 

Holmes (1 996). Holmes concluded that the subspecies became generally extinct 

(i.e. restricted to a few refuges) "perhaps over a century ago". 

Diamond Firetail 

As documented in Chapter 3 (Fig. 3-54b, Table 3-8), scattered historic records of 

the Diamond Firetail north to 18°S and a lack of recent records north of 23°S 

suggest a range contraction to the south of about 500 km. North of 23°8, the only 

records are for c. 1899, 1916  and 1970. In the degree cell 23/149, Barnard (1 925) 

noted that it became more plentiful over the 50 year period 1 873-1 923, and as he 

subsequently failed to report any further change (Barnard 1 934), it was presumably 

still present until at least c. 1933. There have been no subsequent reports for the 

cell, even though during the Field Atlas at least 97 lists with an average of 6.4 

granivorous bird species per list were compiled for it. 
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For cells within the study area in which the species has been reported since 1 970, 

its status has been described variously as accidental, rare, scarce, uncommon, 

common and abundant (Longmore 1 978, McEvoy & Kirkpatrick 1971 , Kirkpatrick & 

Amos 1977, Whitmore et a/. 1 983, Crossman & Reimer 1 986) but no descriptions 

provide any basis for assessing the timing of change. Reporting rate analyses 

suggest an early decline. 

Conclusion: the sparsity of the record makes inference about the timing of decline 

difficult, but it is likely that the decline in northern areas occurred during the 19th or 

early 20th century. Reporting rate analyses suggest that a more general decline 

occurred no later than the 1 960's. 

Black-throated Finch, ssp. cincta 

The Black-throated Finch has suffered a severe decline and range contraction from 

the southern extremity of its former distribution (Biakers et a/. 1 984, Garnett 1992). 

Last century it was at least locally common in the subtropical savannas of northern 

New South Wales, but it is probably now extinct in that state. Within the study 

area, it has suffered severe range contraction south of 23°S (Fig. 3-44b) and a 

recent decline in reporting rates for core areas further north (Fig. 3-46c). Last 

records from degree cells which lack recent records are (beginning from the south

east): 1 844, 1 873, 1844, 1844, 1 975, c. 1929, 1 887, c. 1 960's, 1870 and c. 1 875. 

In the cell 23/149, Barnard (1 925) described the species as "fairly common in forest 

country" and made no subsequent comment on its status (= no change, Barnard 

1934), but the species has not been recorded there since. 

These data strongly suggest a progressive decline that began in the south of the 

study area probably before the beginning of the 20th century, has progressed 

northwards and may be ongoing. 
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5.4 Discussion 

5.4.1 The geography of decline 

It is granted that the method used to calculate the index of decline is arbitrary, and 

that alternative approaches are possible. I have assumed that the frequency with 

which species have not been recorded recently is a useful measure (after 

correction for biases associated with search effort) of change in the status of the 

granivore assemblage. Nevertheless, the method addresses the likely and 

demonstrated sources of bias in the data. One of its strengths is that it is derived 

directly from lists for individual cells, so that scores for cells may reasonably be 

regarded as independent for statistical purposes. 

The index is relative, it has no units and there is no value that corresponds to "no 

decline". This is appropriate because there is statistical uncertainty (variance) 

associated with the relative intensity of historic and recent surveys as to whether a 

decline has occurred or not. Where the proportional index of decline was zero, i.e. 

there is no direct evidence of the disappearance of any species, the use of 

residuals after removal of the effect of relative strengths of the historic and recent 

records ensured that cells with the strongest (relative) historic record received 

lower scores than those with a weaker (relative) historic record. This is appropriate 

because our confidence in the former is greater and zero scores are at the low end 

of a highly skewed confidence interval distribution. Scores are greatest for cells 

with a weak historic record and a high proportional index of decline; intermediate 

for cells with a strong historic record and a high proportional index of decline, or a 

weak historic record and a low proportional index of decline; and lowest for cells 

with a strong historic record and a low proportional index of decline. The results 

are, I believe, a credible reflection of geographic variation in the intensity of decline. 

The index of decline shows a broad correspondence with patterns of settlement in 

northern Australia. It is generally greatest in those parts of Queensland where 

stocking rates are highest (DNM 1 980a) ,  pastoralism has been established for the 

longest time (Holmes 1 966, Ash et a/. 1997) and non-urban human population 

density is greatest (DNM 1980b). It also tends to be greatest where vegetation 

clearance has been most extensive. Decline has been least in the north Kimberley 

and parts of the Top End where pastoralism is absent. The relationship between 

pastoralism, vegetation clearance and the decline of granivorous birds in the 
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subtropical savannas is explored in the next section (5.4.2), whilst the possible 

impacts of pastoralism, and its correlates, are explored in Chapter 6. 

One apparent anomaly is worthy of particular comment. The region that has 

experienced the greatest decline in granivorous birds corresponds broadly with the 

Brigalow Belt North and Desert Uplands bioregions in central Queensland. 

Measured (proportional) decline has been less severe in the subtropical Brigalow 

Belt South bioregion of southern Queensland. This contrast is not consistent with 

the general relationship between the level of environmental disturbance and the 

level of decline postulated in the previous paragraph. Nor is it consistent with the 

particular concentration of declining species in the subtropics, a number of which 

have declined from the south (section 5.3.2). Biogeographic data in chapter 2 

suggest a possible explanation. The subtropical savannas support more 

granivorous bird species than any other part of Australia, the total being inflated 

compared to the tropical savannas by the occurrence of a particularly large variety 

of arboreal species, many of which are essentially temperate-zone or forest 

species. Arboreal species have proven particularly resilient to disturbance (Chapter 

4). Thus the granivorous bird fauna in total may be less prone to disturbance, even 

though the ground-foraging species face particularly serious problems. 

5.4.2 The timing of decline 

Prior to European colonisation, the subtropical savannas of Queensland comprised 

a mosaic of forest dominated by Brigalow (Acacia harpophylla) and eucalypt

dominated grassy woodlands. Pastoral occupation of the region began in the 

south-east as early as 1841 , proceeded in a north-westerly direction and was 

complete by 1 870 (Holmes 1966, Harrington et a/. 1 979, Ash et a/. 1 997). Johnson 

(1 985) described a gradual intensification of land use in the area beginning with 

grasslands and open woodlands and culminating in the massive clearance of 

brigalow scrubs. There was little or no vegetation clearance in the area prior to 

1920 (DESTS 1 996), but by the 1 950s one third of the brigalow communities had 

been cleared (Johnson 1 985). With the advent of heavy land-clearing equipment, 

the pace of clearing accelerated dramatically during the 1 960s and 1 970s and 

continues apace today. Between 1 983 and 1 993 the average rate of vegetation 

clearance in Queensland was 3,000 km2 per year (DESTS 1 996), with recent 

clearing concentrated in the northern subtropical and immediately adjacent tropical 

savannas (Fensham et a/. 1 998). By 1 995, 64% of the Brigalow Belt South 
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bioregion, 60% of the Brigalow Belt North bioregion and 15% of the Desert Uplands 

bioregion had been cleared (DESTS 1 996). Clearing has been selective and 

concentrated on the more fertile soils such that in the northern subtropics only 7% 

of brigalow vegetation on Tertiary clay remains uncleared (Fensham et a/. 1 998). 

The decline of the Paradise and Turquoise Parrots and the Crimson and Star 

Finches in the subtropical savannas occurred prior to or very soon after 1 900. The 

decline of the Black-throated Finch almost certainly commenced prior to 1900 and 

is ongoing. The decline of the Squatter Pigeon occurred in the first half of this 

century. The timing of the decline of the Diamond Firetail is unclear, but was 

probably similar to that of the other species. These dates coincide with the pastoral 

era and clearly pre-date widespread vegetation clearance. They unequivocally link 

the decline of granivorous birds in the subtropical savannas to their decline in the 

tropical savannas. 

Climatically, the tropical and subtropical savannas are linked by a common 

seasonality of rainfall with summer rainfall dominant in both, and in having a similar 

range of mean annual rainfall. The major climatic difference is that the tropical 

savannas experience higher and more consistent (i.e. less seasonal) temperatures. 

Structurally, functionally and floristically the subtropical and tropical savannas are 

similar, and several major savanna types (based on the composition of the 

graminoid layer) are shared extensively (Groves & Williams 1981,  Mott eta/. 1 985). 

The possible significance of these shared climatic traits in the decline of 

granivorous birds, and how this contrasts with patterns of change in temperate and 

arid Australia is explored in the following chapter. 

The subtropical subspecies whose decline has been reviewed in this chapter all 

belong to species with tropical-subtropical distributions, and all have retreated to 

the north, a pattern paralleled by the Crimson Finch. In no granivorous bird has the 

reverse been the case, i.e. no tropical-subtropical species has retreated to the 

subtropics. Likewise, the two temperate-subtropical species (Turquoise Parrot and 

Diamond Firetail) have both retreated to the temperate zone, and there are no 

reverse cases. A comparable pattern of range contraction in opposite directions 

has been noted amongst Australian arid-zone birds (Reid & Fleming 1992). If 

these patterns correspond to some underlying process affecting granivores, then to 

where could the Paradise Parrot retreat? 
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS 

The granivorous bird assemblages of the northern Australian savannas are diverse 

and especially rich in terrestrial-foraging finches and pigeons, but support few 

arboreal-foraging species (Chapter 2). Rates of endemism are particularly high, 

and many of the endemics have restricted distributions within the savannas 

(Chapter 2). At least a third of all species (20 of 59) have changed in abundance 

during the period of European settlement and most of these (17 species) have 

declined (Chapter 3). Declining species share a marked propensity to forage 

exclusively on the ground or amongst herbage, but all increasing species and many 

species for which no change in abundance was demonstrated also share this habit 

(Chapter 4). Decline has been most severe in central Queensland; moderately 

severe through much of the remainder of Queensland (excepting Cape York 

Peninsula) and in inland areas of Western Australia and the Northern Territory; and 

least in the north Kimberley, the Tiwi Islands and eastern Arnhem Land (Chapter 

5). In southern and central Queensland, the only part of northern Australian 

savannas subject to extensive clearing of native vegetation, the decline of 

granivorous birds was associated with the pastoral era prior to the commencement 

of clearing (Chapter 5). 

6.1 The nature of change 

Based on his review of the conservation status of all Australian birds, Garnett 

(1 992) identified tropical woodlands as one of the habitats in which birds were most 

at risk (the others were mallee, heath and chenopod shrublands). More than a 

third of the granivorous birds of the northern Australian savannas have changed in 

abundance during the period of European settlement, and most of these have 

declined. Change has been great amongst the families that are characteristic of 

the northern Australian savannas (pigeons & doves, finches), but decline has been 

most severe amongst the limited number of terrestrial-foraging parrots. It has 

adversely and severely affected a foraging "guild" - the terrestrial-foraging 

granivores - that make a major contribution to biodiversity in these savannas. 

Interestingly, however, neither endemicity nor its negative correlate, range size, is 

associated with decline, although all increasing species were widespread even 

before they increased. 



In the northern Australian savannas, granivorous birds are not alone in suffering 

decline {Table 6-1 ). The three other declining bird species are ground or herb-layer 

foragers, as also is the Leichhardt's Grasshopper. This is also true of many of the 

considerable number of declining mammals listed in Table 6-1, although perhaps 

most mammal species in the northern savannas {bats excepted) are ground

foragers, and the Tuan Phascogale tapoatafa and the Tree-rats Mesembriomys 

spp. are exceptions in being arboreal and declining. Ground-foraging and 

granivory are two of the most universal of a diversity of traits characteristic of 

declining birds in other parts of Australia {Recher & Lim 1 990, Robinson 1 991 , 

Garnett 1 992, Reid & Fleming 1 992, Smith & Smith 1994 ). There are also limited 

parallels overseas, with recent declines amongst a subset of granivorous birds in 

Great Britain {Marchant & Gregory 1992) and of grassland birds in parts of the 

U.S.A. {Askins 1993, Robbins 1995). 

However, many non-declining and a// three increasing granivorous species in the 

northern Australian savannas also forage exclusively on the ground. Reid & 

Fleming (1 992) noted a preponderance of ground-feeding and seed-eating birds 

amongst both increasing and declining birds in the Australian arid zone. Lunney et 

a/. {1 997) were unable to distinguish threatened from non-threatened birds in New 

South Wales using a linear discriminant function analysis of ecological and 

distributional traits. However, in the equivalent analysis for mammals and 

amphibians they were able to distinguish the groups, with threatened status in 

mammals associated with granivory, large size and rocky habitat, and threatened 

status in amphibians associated with large size and the central region of the State. 

For my analysis, there are at least three possible explanations for this inability to 

discriminate declining from non-declining species. The response of species could 

be idiosyncratic and generalised ecological traits irrelevant. This is the implicit logic 

that has underlain much research into threatening processes, in which 

autecological studies seek to identify the problems faced by a single species or 

population. Not surprisingly, these studies frequently reveal or at least hint at wider 

problems. The generality of change identified in this study, and the consistency 

with which it has affected species that forage exclusively on the ground or amongst 

herbage but not those that also forage aboreally, is a powerful argument against 

idiosyncratic explanations. It suggests that the patterns identified in this thesis 

represent a syndrome of decline that crosses taxonomic and geographic barriers. 
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Table 6-1: Declining fauna in the northern Australian savannas, excluding 

granivorous birds 

Species Reference 

Birds 

Purple-crowned Fairy-wren Malurus coronatus Rowley (1 993) 

White-browed Robin Poecilodryas superciliosa Burbidge & McKenzie (1 989) 

Emu Dromaius novaehollandiae J. Woinarski, pers. comm. 

Mammals 

Northern Quoll Dasyurus hal/ucatus Kitchener (1 978) 

Braithwaite & Griffiths (1 994) 

Bilby Macrotis sp. Kitchener (1 978) 

McKenzie ( 1 981)  

Golden Bandicoot lsoodon auratus Friend (1 990) 

Johnson & Southgate (1 990) 

Northern Brown Bandicoot /soodon macrourus Johnson & Southgate (1 990) 

Tuan Phascoga/e tapoatafa Maxwell et a/. (1 996) 

Spectacled Hare-wallaby Maxwell et a/. (1 996) 

Lagorchestes conspicillatus 

Bridled Nailtail Wallaby Onychogalea fraenata Maxwell et a/. (1 996) 

Northern Hairy-nosed Wombat Lasiorhinus krefftii Maxwell et a/. (1 996) 

Black-footed Tree-rat Mesembriomys gouldii Lee (1 995) 

Golden-backed Tree-rat Mesembriomys macrurus Lee (1 995) 

Pale Field-rat Rattus tunneyi Braithwaite & Griffiths (1 996) 

Invertebrates 

Leichhardt's Grasshopper Petasida ephippigera Lowe (1 995) 
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The second possibility is that the increasers and decreasers represent 

complementary responses to the same set of environmental changes. Recher and 

Lim {1 990) noted that the greatest faunal increases have been amongst species 

originating in environments that have also suffered the greatest faunal decreases. 

These responses could be direct, i.e. responses by individual species independent 

of each other, or secondary as a consequence of interspecific competition. In arid 

Australia, competitive displacement following the artificial provision of water has 

been postulated as a threatening process for two granivorous bird species, the 

Scarlet-chested Parrot (Saunders & Curry 1 990) and the Princess Parrot (Carter 

1 993). Solid evidence of interspecific competition amongst granivorous birds is 

lacking both within Australian and apparently also overseas. There is some 

evidence of resource partitioning amongst granivorous birds in Australia (reviewed 

briefly by Joseph 1986; see also Evans et a/. 1985, Read 1 994), and an abundance 

of evidence elsewhere (e.g. Hespenheide 1966, Newton 1 967, Grant & Grant 

1 980}. Competitive displacement between granivorous rodents, ants and birds has 

been confirmed experimentally in north America (Brown et a/. 1 979). Regardless of 

the mechanism, it is plausible and even likely that increasers and decreasers share 

some ecological traits because they are responding directly or indirectly to the 

same environmental phenomenon. 

The third possibility is that the ecological traits needed to distinguish decliners from 

increasers were not included in the analysis because there were insufficient data 

available to adequately describe the traits. Note that this and the previous 

explanation may be complementary rather than exclusive in that different levels of 

traits might be involved. Plausibly, declining species may be specialised in their 

lifestyle and use of the environment, and thus susceptible to change, whilst 

increasers may be ecological generalists or opportunists. 

However, without solid supporting evidence, the suggestion risks circularity - it is 

intuitive to define increasing species as generalists and perhaps also decreasers as 

specialists a priori. In their discussion of granivorous birds that have increased in 

the Australian arid zone and its periphery, Davies (1 977), Joseph ( 1 986), Reid and 

Fleming {1 992) and Smith and Smith (1 994) avoided characterising increasers as 

generalists (but cf Reid 1 996), pointing out that increasing species tended to be 

specialised in their obligate need for water and open grasslands. However, it is 

perhaps noteworthy that all three increasing species in northern Australia were 

widely distributed both within and beyond the study even before the increase. Two 

of the three, the Galah and Crested Pigeon, have also had major range expansions 
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in temperate and southern arid Australia (Biakers et a/. 1984, Rowley 1990, Reid & 

Fleming 1 992), as perhaps also has the Peaceful Dove (Biakers et a/. 1984). 

Compared to co-existing Long-tailed and Masked Finches, which are not declining, 

the Gouldian Finch is specialised with regard to its nesting habits, reproductive 

strategy, moult strategy and diet (Tidemann et a/. 1 992, Tidemann & Woinarski 

1 994, Franklin et a/. 1998, Destine et a/. ms). A number of the decliners appear to 

be quite specialised with regard to habitat choice (e.g. Star Finch) or nesting habits 

(Paradise Parrot, Golden-shouldered Parrot). But to what parameter are we 

referring when we so characterise a species? Until there are far more comparative 

ecological studies of the sort undertaken for the Gouldian and co-existing finches, it 

would be unwise to characterise decreasers as specialists and increasers as 

generalists. 

6.2 Pastoralism and its correlates 

Recher and Lim (1 990) identified two post-European waves of decline and 

extinction amongst the Australian fauna. The first affected primarily mammals and 

occurred during the pastoral era of settlement. The second wave is the result of 

gross habitat alteration and fragmentation during the agricultural era. The decline 

of granivorous and grassland birds in the United Kingdom and the U.S.A. may 

belong to a third wave (my terminology), in which species that had persisted in 

fragmented and agricultural landscapes decline due to changes to, and in particular 

the intensification of, agricultural practices (Askins 1 993, 1995; Robbins 1 995). 

The decline of granivorous birds in the Australian temperate zone appears 

generally to belong to Recher and Lim's second wave, consistent with the decline 

of many other birds in that area (Recher & Lim 1990, Saunders & Curry 1990, 

Robinson 1991 ). This is in part because the granivorous bird fauna in general 

(Chapter 2) and the declining granivorous bird fauna in particular (Garnett 1992) 

features a relative prominence of species that forage both arboreally and 

terrestrially, or exclusively arboreally. However, the generality may hold even for 

the decline of granivorous birds in the temperate-zone that forage exclusively on 

the ground. The temperate zone decline of the Diamond Firetail may have been 

relatively recent (Biakers et a/. 1984). The Plains-wanderer persists in reasonable 

numbers in unimproved pastoral areas subject to no more than moderate 

intensities of grazing, but has all but disappeared from grasslands subject to 
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pasture improvement and agricultural development (Baker-Gabb eta/. 1 990). The 

Turquoise Parrot underwent a severe early (= pastoral era) decline in the 

temperate woodlands, but has since substantially recovered, a response that differs 

markedly from its response in the subtropical woodlands (Forshaw & Cooper 1981 ; 

Chapter 5, this study). The cause of the decline of the Orange-bellied Parrot is 

unclear but is unlikely to relate to pastoralism (Garnett 1992). The decline of the 

Ground Parrot is related to changed fire regimes and land clearance, but not 

pastoralism (Garnett 1 992). 

The decline of granivorous birds in the arid-zone is unequivocally tied to the 

pastoral era of settlement, but may differ from that of the northern savannas in that 

four species (Princess Parrot, Major Mitchell's Cockatoo, Red-tailed Black

Cockatoo, Red-winged Parrot; Reid & Fleming 1992) are facultative arboreal 

foragers. Furthermore, pastoralism in the arid zone has had far more obvious 

consequences than that in the northern savannas, and the sensitivity of a range of 

arid-zone birds to pastoral activities has been well documented (Recher & Lim 

1 990, Reid & Fleming 1 992). The decline of granivorous birds in the northern 

Australian savannas is also unequivocally coincident with the era of pastoral 

settlement, a statement that is as true for the subtropical savannas of Queensland 

as it is for the tropical savannas. It identifies the decline as belonging to Recher & 

Lim's (1 990) "first wave" of decline and extinction in the Australian fauna. The 

granivorous birds of the northern Australian savannas are highly sensitive to 

change. 

Pastoral-era declines in Australian mammals and birds have variously been 

attributed to the direct effects of grazing by domestic stock or feral animals, 

changed fire regimes, predation by foxes and cats, disease and the indirect 

consequences of the provision of permanent water, all of which are or may be 

temporally and even spatially correlated with pastoralism. The most widely 

accepted model for the decline of mammals in arid Australia argues that the effects 

of pastoralism were direct and operative particularly during droughts (Burbidge & 

McKenzie 1 989, Morton 1 990). According to the model, mammals that were 

neither very small nor very large were of physiological necessity restricted to 

patches of the landscape where biological productivity was greatest, for example 

more fertile and/or moisture run-on areas, particularly during droughts. Cattle also 

tended to make heavy use of these areas, and also especially so during droughts, 

and it was during drought that the combination of natural and imposed 

environmental stresses became too much for many species. 
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Much of the evidence is inferential, relying on the nature, spatial distribution and 

timing of decline or a comparison of the traits of declining and non-declining 

species. For example, by examining the spatial and temporal distribution of decline 

amongst arid-zone bandicoots in the Northern Territory, Johnson & Southgate 

(1 990) were able to demonstrate that neither pastoralism nor predation was 

responsible for declines, which were coincident with the disintegration of traditional 

Aboriginal lifestyles. They suggested that the mechanism for decline was the 

homogenisation of habitat, a consequence of the loss of Aboriginal fire regimes. 

Management of surviving populations suggests a wide range of mechanisms of 

decline (e.g. predation, fire regimes), although as pointed out by Burbidge and 

McKenzie (1 989), the cause of decline and the factors preventing re-establishment 

are not necessarily the same. For example, feral cats were present in the central 

Australian deserts long before the mass extinction of medium-sized native 

mammals (Burbidge eta/. 1 988), and yet their presence is a major factor inhibiting 

and even preventing the re-establishment of some species (e.g. Christensen & 

Burrows 1995). 

Of the introduced predators, only the feral cat is widespread in the north Australian 

savannas. Within the study area, foxes are restricted to parts of the subtropical 

savannas (Wilson et a/. 1 992, Graetz et a/. 1 995), whilst introduced rodents are 

mostly restricted to urban and other highly-disturbed areas (Griffiths 1 997). 

Several lines of evidence suggest that feral cats are not a major player in the 

syndrome of decline. One is that the distribution of feral cat densities in northern 

Australia (Graetz et a/. 1 995) does not appear to be correlated with the distribution 

of the intensity of decline, the former being generally higher in the Kimberley, inland 

areas of the Northern Territory and only limited areas of central Queensland. The 

second is that, whilst ground-foragers are susceptible to change, species that nest 

on the ground or other low sites, and which should therefore be more susceptible to 

predation by cats, are not (Chapter 4). Evidence that introduced predators have 

caused the widespread extinction of species on any continental land mass is 

unconvincing (Frankel & Soule 1 981 ) .  

Although i t  is plausible that disease caused the decline and even extinction of a 

number of Australian mammals, there is no evidence that it has caused widespread 

declines amongst birds. Heavy infections of the (possibly introduced) Air-sac Mite 

Sternostoma tracheoco/um in the Gouldian Finch (Tidemann et a/. 1992, Bell 1 996) 

have been implicated in the decline of that species (Tidemann 1996), but there is 

no supporting evidence. Infestations are also heavy in the Pictorella Mannikin and 
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low to moderate in the Budgerigar in northern Australia (Bell 1 996), whereas in this 

study decline was severe in the Budgerigar and unconfirmed in the Pictorella 

Mannikin. Unless substantial contrary evidence is forthcoming, the Air-sac Mite 

infestations should be regarded as an idiosyncratic and at most a secondary or 

interactive cause of decline because they are unable to explain the taxonomic 

breadth of decline amongst granivorous birds in the northern Australian savannas. 

My identification of ground-foraging as the risk factor for change suggests that food 

- seed on or near the ground - is the common link between declining (and 

increasing) species and their environment. The evocative description by Barnard 

{1 925) of the local demise of the Paradise Parrot (detailed below), is consistent with 

this suggestion, as is the correlative evidence of Schluter & Repasky ( 1 991)  that 

food resources, in tandem with the need to avoid predation, limit the abundance of 

finches on continental land masses. But how might environmental change have 

affected food resources? 

About 80% of the study area is held under grazing lease or is private grazing land, 

and both the distribution and intensity of grazing appear quite strongly and 

positively correlated with the intensity of decline. Locally high densities of feral 

grazing animals, particularly horses and donkeys (Freeland 1990), may extend or 

exacerbate the impacts of domestic stock. That pastoralism can and has led to 

change in the structure and composition of northern Australian grass communities 

is well established, and severe degradation has occurred (Harrington eta/. 1 979, 

Mott & Tothill 1 993, Mcivor eta/. 1995, Walker eta/. 1997, Ash & Mcivor 1998, 

Fensham in press). Arguably, such effects have been relatively localised (Ash et 

a/. 1997), reflecting that over large areas, stocking rates are less than 1 .5 head of 

cattle per square kilometre and over the considerable majority they are less than 6 

per square kilometre (1 976 data, DNM 1 980a). 

As with native mammals in the arid zone (Burbidge & McKenzie 1989, Morton 

1990), granivorous birds in the northern savannas may depend on productive or 

key areas of the landscape which are also attractive to cattle and thus particularly 

prone to damage especially during drought. Some support for this notion is 

provided by the evocative description provided by pastoralist and ornithologist C.A. 

Barnard of the demise of the Paradise Parrot on his pastoral property on the 

Dawson River (23/149) in the Queensland brigalow belt. Barnard (1 925) reported 

that the Paradise Parrot disappeared during a "very severe drought" in which "very 

little grass or herbage produced any seed for two or three years". Barnard 
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acknowledged the role of "heavy stocking of the country" in this scenario, and 

described long-term changes to the land related to grazing: "Fifty years ago the 

creek banks were well protected by a heavy growth of grass and reeds, and at 

every bend in the creek very nice little waterholes . . . . . .  Now the stock have 

trampled away the long grass along the creeks, and the small waterholes have 

silted up and disappeared." 

On the other hand, the broad scope of the granivore problem argues for a more 

pervasive form of environmental change. Though subtle, a pervasive source of 

change to the northern Australian savannas has been the collapse of traditional 

Aboriginal landscape-burning regimes. Aboriginal depopulation has been 

widespread, and even in areas where Aboriginal populations persist, traditional 

land-management practices are in serious decline. Aborigines used fire extensively 

in the northern Australian savannas before the arrival of Europeans (Fensham 

1997, Russell-Smith et a/. 1 997 a). although the intent, nature and consequences of 

this form of landscape management are less certain (Bowman in press). It is likely, 

however, that as burning was undertaken whilst Aboriginal people moved through 

the landscape throughout the year, fire regimes were diverse and patchy. In 

contrast, current regimes frequently vary markedly between pastoral and non

pastoral areas (Ash et a/. 1 997; Grant Allen, unpubl. data). Pastoral areas are 

generally burnt infrequently to conserve fodder, although there is some active use 

of fire to promote new growth and create firebreaks (Harrington et a/. 1 979, O'Neill 

et a/. 1 993). In non-pastoral areas, which are concentrated in the monsoonal tall

grass savannas of higher rainfall areas of the north-west of the study area, current 

fire regimes are characterised by either a very high frequency of low- to moderate

intensity fires, or infrequent high-intensity fires, and under both regimes, large 

patch sizes and limited variability in the seasonality of ignition (Press 1 988, Russell

Smith et a/. 1 997b). 

Some evidence suggests that substantial shifts in vegetation structure and 

composition have occurred in northern Australia as a result of changes to fire 

regimes (e.g. Harrington et a/. 1 979, Bowman & Panton 1 993). Fire regimes affect 

grass composition and seed productivity (Mott & Andrew 1 985a, Watkinson et a/. 

1 989). Burning may expose seed for consumption by granivorous birds by 

removing the dense layer of dry grass (Braithwaite & Estbergs 1 987), but intense 

burns late in the Dry season may destroy a high proportion of the seed on the 

ground (Woinarski 1 990). Limited evidence hints at a potentially critical role for fire 

in the lives of other fauna in the northern Australian savannas as well (Andersen 
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1 99 1 ,  Andersen & Braithwaite 1 992, Trainor & Woinarski 1994, Lowe 1 995}. 

However, because of a combination of a paucity of studies, variability in faunal 

responses, and complexities associated in particular with the timing, intensity and 

extent of the fires, the absence of simple fire-successional pathways in the 

vegetation, and the relationship between the patchiness of fire and the vagility of 

the responding fauna, the relationship between the fauna and fire remains poorly 

understood. 

Fire and grazing may interact to influence grass community structure (Andrew 

1986b). In pastoral areas, fire management strategies may vary between pasture 

types, as the response of the grass community to fire demonstrably does (reviewed 

in Mott et a/. 1 985). Stocking rates (Tothill & Gillies 1 992), fuel loads and the 

seasonality of susceptibility to fire (Mott et a/. 1985) also vary between pasture 

types. Grazing reduces fuel loads and thus the frequency and/or intensity of fire, 

and in more productive pastoral areas of the northern savannas the resultant 

reduction in the frequency of fire can be considerable (Ash et a/. 1 997). 

Paradoxically, grazing may also serve to expose seed on the ground in a similar 

manner to fire, making the seed available to granivorous birds. 

As causes of the decline of granivorous birds, these possibilities remain mere 

speculations, and it is beyond the scope of this work to resolve the question of 

causes. To the above I can only add that there is quite strong evidence that food 

resources for granivorous birds are more likely to be limiting during the wet season, 

and it may well be at this time that birds are most vulnerable to change. In the 

northern Australian savannas, all grasses examined produce seed from between 

the middle to the wet season to the middle of the dry, the timing depending on the 

species (e.g. Lazarides et a/. 1965). The seed is dormant when shed, dormancy 

being progressively eroded by exposure to dry heat such that almost the entire 

seed bank germinates early in the wet season (e.g. Mott 1 978). The moderately

extensive literature on the subject is reviewed succinctly by Ash et a/. (1997). As a 

consequence of this pattern of production and germination of seed, there is 

effectively no soil seed bank available to granivorous birds during the early wet 

season (Destine et a/. unpubl. data). Garnett & Crowley (1 995) documented the 

consequences of this for the Hooded Parrot, noting aberrant foraging including 

apparent nectarivory, and suggested that the foraging skills needed to survive the 

period may be such that juvenile survival is limited. Even later in the wet season, 

food resources may be patchy in time and space (Destine et a/. unpubl. data), 

rendering granivorous birds vulnerable to change. 
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6.3 Where to now? 

The magnitude of the geographic scope and severity of the problems facing many 

granivorous birds is a powerful argument for the need to develop effective 

management strategies. It also suggests that there has been a collapse in one or 

more fundamental ecosystem processes in the northern Australian savannas - and 

this should concern even those who may not regard granivorous birds as being of 

particular importance. Research into the ecology of granivorous birds and the 

resources they use offers considerable potential to shed light on the fundamental 

nature of ecology in the northern savannas, and should be a priority. Below, I 

suggest some directions for this research and discuss a number of potential pitfalls. 

It goes (almost) without saying that if pastoralism is, either directly or indirectly, the 

source of the problem, then pastoralists will have a key role in the future of the 

savanna granivores. It is important that pastoralists be informed and involved in 

the research process to the extent possible. Management recommendations are 

beyond the scope of this thesis, but pastoralists that are understanding of the 

needs of granivorous birds are far more likely to play a helpful role in such 

management when the direction it should take becomes clear. 

Recommendation 1 : regression analysis 

The index of decline (Fig. 5-2a) provides a basis for the identification of 

environmental and disturbance correlates to the geographical pattern of decline. 

This is an elementary and important preliminary step towards identifying causes of 

the decline. The environmental and disturbance data are currently being collated 

as a CRC for Tropical Savannas project (P. Whitehead, pers. comm.). 

One problem facing both this analysis and further research into changes to 

ecosystem processes in the tropical savannas is to disentangle the strongly inter

correlated effects of grazing and changed fire regimes. There is no simple 

solution, particularly as there is no available direct measure of past fire regimes 

and changes to them at the scale of this study. One possible approach may be to 

use pasture-type as a surrogate for fire regime. Undoubtedly, grazing intensity is 

also linked to pasture type, but perhaps less strongly so, with some over-riding 

effects of the historical pattern of settlement. Use of an analytical technique that is 

not distorted by correlations between explanatory variables (e.g. analysis of 
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deviance in GUM cftraditional multiple regression techniques) is obviously 

essential. 

Recommendation 2: ecol ogical research - the birds 

Most research into the ecology of granivorous birds in northern Australia has 

focused on single species (reviewed in Chapter 1 ) . Recent research has been 

focussed particularly on declining species, with separate projects on the Golden

shouldered Parrot, Gouldian Finch and Partridge Pigeon. The cost of this research 

has been significant, yet arguably relatively unproductive in identifying causes of 

the problem. Single-species autecological studies will always have a role, 

principally in dealing with critically-endangered populations, but inevitably suffer 

from the "band-aid" ecology syndrome and are rarely the most efficient way to 

identify broader underlying problems. 

Comparisons between the endangered Gouldian Finch and co-occurring non

declining finches, however, have demonstrated differences in life history strategies 

and patterns of landscape use (Tidemann & Woinarski 1 994, Franklin et a/. 1998, 

Dostine et a/. ms and unpublished). These differences suggest a tangible 

hypothesis as to why one species is susceptible to change when others are not. 

However, we lack even the most basic of ecological frameworks within which to 

place our perceptions of change amongst granivorous birds. We know little about 

patterns of resource availability in the northern savannas, even less about how 

granivorous birds respond to these patterns, and nothing at all about possible 

competitive or other interactions between granivorous bird species and between 

granivorous birds and other granivores such as ants. There is an urgent need to 

step back from the problem of change and seek an understanding of basic 

processes operating within the savannas. In the immediate future, I believe 

research should concentrate on variation in life history strategies, diet and patterns 

of landscape use, and competitive interactions within granivorous bird communities 

and assemblages in the northern Australian savannas. 

Recommendation 3: ecological research - resources for birds 

Seeds and the plants that produce them are generally more tractable subjects for 

research, and very much more tractable subjects for experimentation, than birds. 

The response of grasses to fire and grazing in  the northern savannas has already 
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been the subject of considerable research, but much of this research has been 

focussed on the management of pastures for stock (which are possibly the cause 

of the problem!). It should be a relatively simple and important shift in emphasis to 

ensure that: (a) research by agricultural scientists also considers the implications 

of fire and grazing on the productivity and accessibility of the resources needed by 

granivorous birds; and (b) that priority areas for research into the effects of fire and 

grazing on the resources used by granivorous birds be identified and made the 

subject of ecological research independent of agricultural science. 

Recommendation 4: landscape-scale experimentation 

In an ideal world, hypotheses about, and strategies to moderate or reverse decline 

in granivorous bird communities would be tested with fully replicated and controlled 

landscape-scale experiments. It is very likely that management will need to 

operate at landscape scales, and since scale is very likely in itself to be a major 

factor in the processes involved in decline, experimentation needs to match the 

scales concerned. There has already been some discussion of the possibilities in 

relation to the Gouldian Finch, and experimentation with fire management for the 

Golden-shouldered Parrot (S. Garnett pers. comm.). But there are substantial 

problems with hypotheses, replication, controls and response variables that warrant 

careful consideration before undertaking potentially costly experiments. I here 

provide some discussion of the issues involved, and offer some suggestions for 

dealing with the problems. 

It should go without saying that any experiment requires a precisely-stated 

hypothesis, and yet to date there has been little effort to formulate them. In many 

instances, it is perhaps premature to commence landscape-scale experiments for 

the simple reason that we are not yet in a position to formulate clear hypotheses. 

Future ecological research (Recommendations above) may in time produce such 

hypotheses. 

The potentially large cost is but one problem which is likely to (severely) limit the 

number of replicates. Another is that the nature of environmental variability in the 

tropical savannas is such that (small numbers of) replicates may introduce more 

variance than they retrieve. The variability of granivorous bird assemblages 

(richness, composition, relative abundance of species) at landscape scales (pers. 

obs.) suggests complex community structures in which competitive and other 

interactions may well respond strongly to quite small variations in the environment. 
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There is evidence to suggest that the diet of granivore species may vary between 

localities; presumably therefore, their response to landscape events will also vary. 

For example, in the Katherine district of the Northern Territory, the principal dry 

season food of the Gouldian Finch is seeds of annual Sorghum spp. and the way 

the species uses the landscape is clearly strongly related to this food source 

(Dostine et a/. ms and unpublished). Yet in much of Queensland where the 

Gouldian Finch was once relatively common, Sorghum spp. is not a major 

component of the landscape and the diet of the Gouldian Finch may be more 

diverse (Tide mann et a/. 1 993, S. Garnett, P. Destine pers. comms.). The range of 

potential effects and interactions to be considered also argues for the need for a 

(perhaps impossibly) large number of replicates. 

Before commencing any landscape-scale experiment, it is essential to find a 

response variable that is both ecologically meaningful and in practice measurable 

with variances small enough to detect change with a reasonable level of 

confidence. Measurement of the abundance of granivorous birds has proved 

notoriously difficult because: (a) many granivorous birds have a strong tendency to 

flock at least seasonally, dramatically inflating variances; (b) most granivorous birds 

are locally highly mobile, and with our current knowledge, these movements are 

largely unpredictable, further seriously inflating variances; and (c) some key 

species, e.g. the Gouldian Finch, are difficult to detect because of their small size, 

unobtrusive nature and occurrence at generally very low density. Attempts to 

monitor Gouldian Finch populations have proved frustrating, difficult and expensive, 

and even after years of trials, discussion and debate, no entirely satisfactory 

technique has been developed. Techniques trialed or suggested have included 

mark-recapture studies, counts of nests, counts of birds along transects through 

the landscape and counts of birds at waterholes (Lane 1991 ;  Faith & Wood 1992; 

NSR 1 992a,b; Woinarski & Tidemann 1 992; Crome & Thomas 1 996; Franklin & 

Destine 1 996, Destine & Franklin unpublished). Other species may prove more 

tractable. There is an ongoing need for the development of population monitoring 

techniques for granivorous birds, but it is essential that these do not become 

bogged down with particularly intractable species. 

It may therefore be necessary to use less ambitious and less absolute measures of 

response than direct counts of birds. Possibilities include measures of change in 

way selected granivorous bird species use the landscape. At least in the interim, it 

may also prove necessary to use unreplicated and uncontrolled before-after 

experiments tailored to particular sites. Such experiments are often all that are 
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available to conservation biologists, and have played a useful role in the 

development of adaptive management strategies. In the absence of statistical 

"confidence", interpretation of such experiments is enhanced greatly by ensuring 

that not only is the response quantified as best as possible, but also that it is 

matched by a substantial emphasis on the natural history and ecology of the 

granivorous bird community and its response. 

Savanna-wide generalities may yet be usefully derived, not from single 

experiments, nor from formal repetition of identical experiments, but from patterns 

and consistencies in the interpretation of a multiplicity of diverse experiments. The 

viability of such an approach should not be underestimated. It is, after all, the basis 

for most generalisation in ecology. 

Recommendation 5: long-term monitoring 

This study has shown that analysis of reporting rates can be a powerful tool for 

monitoring long-term population trends at broad spatial scales. It has provided a 

needed overview of the status of granivorous bird assemblages, and has provided 

useful assessments of many, though not all, of the species and populations 

involved. Given the paucity of resident observers and biologists in the northern 

Australian savannas, long-term monitoring may unavoidably be restricted to 

variations on this technique, utilising bird lists compiled during both formal and 

informal bird surveys. In this study, the Field Atlas of 1 977-1981 has provided a 

benchmark for the recent distribution and abundance of granivorous birds in the 

study area. 

In theory, the comparison of Field Atlas data with future Atlas-type projects should 

provide an even more powerful measure of change. A new Atlas of Australian birds 

commenced in August 1 998, but there has been a marked change in 

methodological emphasis with active encouragement of temporally- and spatially

constrained searches (20 minutes, 2-ha) in place of unconstrained listings of 

species for 1 0' and 1 o cells or surveyor-defined radii. Imposing a severe spatial 

and temporal constraint on the list not only shortens the list but undermines the 

relative probabilities with which species will be listed. Evenly-dispersed and/or 

conspicuous species are likely to be recorded more frequently and patchily

dispersed and/or inconspicuous species less frequently. The change is regrettable 

and stands in simple defiance of the most basic of scientific methodological 

principles that if you wish to compare two data sets (it is a stated aim that they do 
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wish to compare the two, e.g. Ambrose 1 997) the methods should be kept identical 

or at least as similar as possible. In an attempt to improve precision, it introduces a 

fine-grain spatial and temporal scaling that is inappropriate (at least in remote 

areas where there are few observers) for a national survey. 

It should be possible to make a formal pilot study of the two Atlas datasets fairly 

early in the course of the second Atlas in order to identify required changes and 

minimise problems. This will probably require funding external to the Atlas project. 

6.4 Conclusion 

The extinction of the Paradise Parrot in the subtropical savannas of Queensland 

and northern New South Wales was the beginning of a wave of decline that spread, 

not south into closely-settled temperate Australia, but north across the savannas. It 

followed, often rapidly, on the heels of European pastoral settlement and the 

associated disruption of Aboriginal society and their landscape management 

practices. It is a wave that now threatens to engulf a large number of species and 

populations. In pattern, process and scale it stands alongside the demise of the 

medium-sized mammals of the arid zone, from which it differs most significantly in 

that, in most cases, we still have a chance to do something about it. The 

suggestion that the fauna of the tropical savannas has been relatively unperturbed 

by European settlement (Burbidge & McKenzie 1989, Woinarski & Braithwaite 

1 990, Recher & Lim 1990} should be seriously questioned. 

Loss of biodiversity is a symptom of ecosystem dysfunction (Rapport eta/. 1985, 

Recher & Lim 1990). Given the sparsity of human settlement, the generally low 

intensity of grazing and the absence of widespread land-clearing (parts of 

Queensland excepted), the evidence of change presented in this thesis is 

perplexing and should concern, and prompt action, from even those with little direct 

interest in the conservation of species. 

Precisely because it is perplexing, "action" may be perceived as difficult. The first 

imperative must be carefully-targeted research, but management actions must 

follow. And follow soon. 
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Appendix 1 :  Australian indigenous granivorous birds considered in this 
study. 

Nomenclature follows Christidis & Boles (1 994). Foraging groups are as defined in 
the Introduction (Chapter 1 ). Occurrence is as follows: 1 = "northern Australia" 
(tropical and sub-tropical savannas and the wet tropics); 2 = temperate woodlands 
(includes mallee areas); 3 = southern and south-eastern forests (including other 
dense vegetation in general areas, e.g. heath); 4 = arid zone; X = extra-Australia; 
XNG = extra-Australian, southern New Guinea only. The definitions and rationale 
for these regions are discussed in Chapter 2. 

Order/Family/Species 

Order: Struthioniformes 
Family: Casuariidae 
Emu Dromaius novaehollandiae 

Order: Galliformes 
Family: Megapodiidae 
Malleefowl Leipoa ocellata 

Family: Phasianidae 
Stubble Quail Cotumix pectoralis 
Brown Quail Cotumix ypsilophora 
King Quail Coturnix chinensis 

* New Zealand, where became extinct last century 

Order: Gruiformes 
Family: Otididae 
Australian Bustard Ardeotis australis 

Order: Turniciformes 
Family: Turnicidae 
Red-backed Button-quail Tumix maculosa 
Little Button-quail Tumix velox 
Red-chested Button-quail Turnix pyrrhothorax 
Chestnut-backed Button-quail Turnix castanota 
Buff-breasted Button-quail Turnix olivii 
Painted Button-quail Turnix varia 
Black-breasted Button-quail Turnix melanogaster 

* New Caledonia only 

Order: Charadriiformes 
Family: Pedionomidae 
Plains-wanderer Pedionomus torquatus 

Foraging group Occurrence 

terrestrial omnivore 1 2 4 

terrestrial omnivore 2 4 

terrestrial granivore 1 2 3 4 X* 
terrestrial granivore 1 2 3 X 
terrestrial granivore 1 3 X 

terrestrial omnivore 1 4 XNG 

terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 

1 3 X 
2 4  
1 2 
1 
1 
1 2 3 X* 
3 

terrestrial granivore 2 4 



Appendix 1 continued · 

Order/Family/Species 

Order: Columbiformes 
Family: Columbidae 
Brown Cuckoo-Dove Macropygia amboinensis 
Emerald Dove Chalcophaps indica 
Common Bronzewing Phaps chalcoptera 
Brush Bronzewing Phaps elegans 
Flock Bronzewing Phaps histrionica 
Crested Pigeon Ocyphaps lophotes 
Spinifex Pigeon Geophaps plumifera 
Partridge Pigeon Geophaps smithii 
Squatter Pigeon Geophaps scripta 
White-quilled Rock-Pigeon 

Petrophassa albipennis 
Chestnut-quilled Rock-Pigeon 

Petrophassa rufipennis 
Diamond Dove Geopelia cuneata 
Peaceful Dove Geopelia striata 
Bar-shouldered Dove Geopelia humeralis 
Wonga Pigeon Leucosarcia melanoleuca 

Order: Psittaciformes 
Family: Cacatuidae 
Palm Cockatoo Probosciger aterrimus 
Red-tailed Black-Cockatoo 

Calyptorhynchus banksii 
Glossy Black-Cockatoo Calyptorhynchus lathami 
Yellow-tailed Black-Cockatoo 

Calyptorhynchus funereus 
Short-billed Black-Cockatoo 

Calyptorhynchus latirostris 
Long-billed Black-Cockatoo 

Calyptorhynchus baudinii 
Gang-gang Cockatoo Callocephalon fimbriatum 
Galah Cacatua roseicapilla 
Long-billed Corella Cacatua tenuirostris 
Western Corella Cacatua pastinator 
Little Corella Cacatua sanguinea 
Major Mitchell's Cockatoo Cacatua leadbeateri 
Sulphur-crested Cockatoo Cacatua galerita 
Cockatiel Nymphicus hollandicus 

Foraging group Occurrence 

terrestrial omnivore 1 3 X 
terrestrial omnivore 1 3 X 
terrestrial granivore 1 2 3 4 
terrestrial granivore 3 
terrestrial granivore 1 4 
terrestrial granivore 1 2 4 
terrestrial granivore 1 4 
terrestrial granivore 1 
terrestrial granivore 1 

terrestrial granivore 1 

terrestrial granivore 1 
terrestrial granivore 1 2 4 
terrestrial granivore 1 2 3 4 X 
terrestrial granivore 1 2 XNG 
terrestrial granivore 1 3 

arboreal granivore 

arboreal granivore 
arboreal granivore 

arboreal granivore 

arboreal granivore* 

arboreal granivore* 
arboreal granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
arboreal granivore 
arboreal granivore 
terrestrial granivore 

1 X 

1 2 3 4  
2 3  

1 3 

2 

3 
3 
1 2 4 
2 
2 
1 2 4 XNG 
4 
1 2 3 X** 
1 2 4 

• These two species cannot be distinguished in Field Atlas data and are therefore 
considered together as the White-tailed Black-Cockatoo in quantitative analyses 
using Field Atlas data. 
•• New Guinea, and introduced to New Zealand and some south-east Asian 
islands. 
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Appendix 1 continued 

Order/Family/Species 

Family: Psittacidae 
Australian King-Parrot Alisterus scapu/aris 
Red-winged Parrot Aprosmictus erythropterus 
Superb Parrot Polytelis swainsonii 
Regent Parrot Polytelis anthopeplus 
Princess Parrot Polytelis a/exandrae 
Green Rosella Platycercus ca/edonicus 
Crimson Rosella Platycercus elegans* 
Eastern Rosella Platycercus eximius 
Pale-headed Rosella Platycercus adscitus 
Northern Rosella Platycercus venustus 
Western Rosella Platycercus icterotis 
Australian Ringneck Barnard/us zonarius 
Red-capped Parrot Purpureicephalus spurius 
Blue Bonnet Northiella haematogaster 
Red-rumped Parrot Psephotus haematonotus 
Mulga Parrot Psephotus varius 
Golden-shouldered Parrot 

Psephotus chrysopterygius 
Hooded Parrot Psephotus dissimilis 
Paradise Parrot Psephotus pulcherrimus 
Budgerigar Melopsittacus undulatus 
Bourke's Parrot Neopsephotus bourkii 
Blue-winged Parrot Neophema chrysostoma 
Elegant Parrot Neophema elegans 
Rock Parrot Neophema petrophi/a 
Orange-bellied Parrot Neophema chrysogaster 
Turquoise Parrot Neophema pulchel/a 
Scarlet-chested Parrot Neophema splendida 
Ground Parrot Pezoporus wallicus 
Night Parrot Pezoporus occidentalis 

Foraging group Occurrence 

arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
arboreal granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 

terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 

1 3 
1 XNG 
2 
2 
4 
3 
1 2 3 
2 3 "* 

1 
1 
2 
1 2 4 
3 
2 4  
2 4  
2 4  

1 
1 
1 
1 2 4 
4 
2 3 4  
2 
2 
3 
2 
4 
3 
4 

• includes the forms flaveolus (Yellow Rosella) and adelaidae (Adelaide Rosella). 
** introduced to New Zealand. 

Order: Passeriformes 
Family: Passeridae 
Zebra Finch Taeniopygia guttata 
Double-barred Finch Taeniopygia bichenovii 
Long-tailed Finch Poephila acuticauda 
Black-throated Finch Poephila cincta 
Masked Finch Poephila personata 
Crimson Finch Neochmia phaeton 
Star Finch Neochmia ruficauda 
Plum-headed Finch Neochmia modesta 
Red-browed Finch Neochmia temporalis 

1 7 5  

terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 
terrestrial granivore 

1 2 4 X* 
1 2 3 
1 
1 
1 
1 XNG 
1 4 
1 2 
1 3 ** 



Appendix 1 continued 

Order/Family/Species 

Diamond Firetail Stagonopleura guttata 
Beautiful Firetail Stagonop/eura bella 
Red-eared Firetail Stagonopleura oculata 
Painted Finch Emblema pictum 
Yellow-rumped Mannikin Lonchura flaviprymna 
Chestnut-breasted Mannikin 

Lonchura castaneothorax 
Pictorella Mannikin Heteromunia pectoralis 
Blue-faced Parrot-Finch Erythrura trichroa 
Gouldian Finch Erythrura gouldiae 

* Lesser Sundas only. 
•• introduced to Tahiti. 
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Foraging group 
Occurrence 

terrestrial granivore 2 
terrestrial granivore 3 
terrestrial granivore 3 
terrestrial granivore 4 
terrestrial granivore 1 

terrestrial granivore 1 3 X 
terrestrial granivore 1 
terrestrial granivore 1 X 
terrestrial granivore 1 



Appendix 2: List of references from which records of granivores were 
obtained for the historical survey (chapter 3). 
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Appendix 3: Computer programs written by the author. 

All programs are written to operate with or on FoxPro databases and are in the 
dBase/FoxPro language Xbase. 

Check.prg 
This program checks records in history.dbf to ensure that they have valid species 
codes (as stored in species.dbf) and valid combinations of latitude, longitude and 
bioregion (as stored in bioreg.dbf). 

* WARNING - use only one "do" at a time - disable others with "*" 
set safety off 
close all 
use d:\granivor\fpw\history.dbf in 1 
use d:\granivor\fpw\species.dbf in 2 
use d:\granivor\fpw\bioreg.dbf in 3 
select 1 
replace all error with " " 
do species 
do latlong 
index on str(list,S) + species to listzzzz for error # " " 
set safety on 
calc cnt() for error # " " 

PROC SPECIES 
sele 2 
index on species to speciesf 
sele 1 
index on species to speciese 
go 1 
scan for list > 1 0312 

set relation to species into 2 
if species # 8-> species 

replace next 1 error with "a" 
endif 

endscan 
return 

PROC LA TLONG 
sele 1 
replace error with "c" for I at < 10  .or. I at > 28 
index on 1 OOO*Iat + long to latlonge 
sele 3 
index on 1 OOO*Iat + long to latlongf 
sele 1 
set relation to 1 OOO*Iat + long into 3 
replace error with "d" for C-> long = 0 .and. error # "c" 
sele 3 
index on str(lat,2) + str(long,3) + bioregion to bioregf 
sele 1 
index on str(lat,2) + str(long,3) + bioregion to biorege 
set relation to str(lat,2) + str(long,3) + bioregion into 3 
replace error with "e" for C-> bioregion = 

II II .and. error # llc" .and. error # "d" 
return 
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Listno.prg 
This program matches records with common reference, latitude, longitude, 
bioregion and year, and inserts a common list number into each of the matched 
records. 

close all 
set safety off 
use d:\granivor\fpw\history in 1 
use m:\biogeog\temp2 in 2 
sele 1 
calc max(list) to listmax 
copy to m:\biogeog\temp.dbf for list > 0 
delete for list > 0 
pack 
sele 2 
append from d:\granivor\fpw\history 
replace all keyfield with reference + str(lat,2) + str(long,3) + bioregion + str(year,4) 
+ 

str( month ,2) 
index on keyfield unique to keyfield 
copy to m:\biogeog\temp3 
close indexes 
index on keyfield to keya 
use m:\biogeog\temp3 in 3 
sele 3 
replace all list with listmax + recno() + 1 
index on keyfield to keyb 
sele 2 
set relation to keyfield into 3 
replace all list with C -> list 
sele 1 
delete all 
pack 
append from m:\biogeog\temp2 
append from m:\biogeog\temp.dbf 
sele 2 
delete all 
pack 
set safety on 

Lists.prg 
This program converts records from individual record format (as in history.dbf) to 
list format and adds these to the file lists.dbf. Each list entry in the database 
summary details (reference, month, year, latitude, longitude, bioregion) and a 
series of presence (x) or absence ( ) entries, one for each species recorded for the 
study area. The program also sums the number of species on a list and inserts the 
total in a field (spno). 

close all 
set safety off 
set unique on 
public spx, listx, AA, BB, CC 
use d:\granivor\fpw\history in 1 
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sele 1 
calc max(list) to BB 
use d:\granivor\fpw\lists in 2 
sele 2 
calc max(list) to AA 
calc max(list) for spno # 0 to CC 
listx = CC + 1 
do list 
sele 1 
index on str(list,S) + species unique to lista 
sele 2 
index on list to lists 
sele 1 
set relation to list into 2 
do bird 
do numbers 
set unique off 
set safety on 
return 

PROC LIST 
sele 1 
index on list unique to listo 
replace all error with " • 

replace error with "t" for list > AA 
copy to d:\granivor\fpw\lists2 fields list,reference,lat,long,bioregion,month,year for 

error = "t" 
sele 2 
append from d:\granivor\fpw\lists2 
return 

PROC BIRD 
scan for list > AA 

spx = species 
fld = spx 
select 2 
replace &fld with "x" 
select 1 

endscan 
return 

PROC NUMBERS 
scan for list > CC .and. listx <= BB 

calc cnt() for list = listx to PQ 
select 2 
replace spno with PQ for list = listx 
select 1 
listx = listx + 1 
go 1 

endscan 
return 
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Sample.prg 
This program uses a random number generator to delete lists from a file of lists 
(listedit.dbf) until the number has been reduced to a predetermined total defined in 
the file edittots.dbf. Because a record may be randomly selected for deletion more 
than once, insufficient records may be deleted in a single run. The program makes 
3 deletion runs if required, and may need to be re-run with re-set parameters in 
edittots.dbf if insufficient records have still not been deleted. 

close all 
set safety off 
use m:\biogeog\edittots in 1 
use m:\biogeog\listedit in 2 
use m:\biogeog\temp in 3 
sele 3 
delete all 
pack 
public FGH, JKL, XYZ, BIOX, CEIL, RANDOMX, RANDOMY 
do memx 
set safety on 

PROC MEMX 
FGH = 1 
do while FGH < 21 

sele 1 
go FGH 
if random # 0 

BIOX = bioregion 
RANDOMX = timec - random 
RANDOMY = random 
do edit 

end if 
FGH = FGH + 1 

enddo 
return 

PROC EDIT 
sele 3 
append from m:\biogeog\listedit for bioregion = BIOX .and. time = "c" 
sele 2 
delete for bioregion = BIOX .and. time = "c" 
pack 
do randoms 
sele 2 
append from m:\biogeog\temp 
sele 3 
delete all 
pack 
return 
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PROC RANDOMS 
sele 3 
JKL = 1 
store rand( - 1 )  to XYZ 
do while JKL <= RANDOMX 

set decimals to 5 
store rand() * RANDOMX to XYZ 
store ceiling(XYZ) to CEIL 

enddo 
pack 

delete for recno() = CEIL 
JKL = JKL + 1 

calc cnt() to COUNT 
if COUNT > RANDOMY 

end if 
return 

do randoms2 

PROC RANDOMS2 
RANDOMZ = COUNT - RANDOMY 
JKL = 1 
do while JKL <= RANDOMZ 

set decimals to 5 
store rand() * RANDOMX to XYZ 
store ceiling(XYZ) to CEIL 

enddo 
pack 

delete for recno() = CEIL 
JKL = JKL + 1 

calc cnt() to COUNT 
if COUNT > RANDOMY 

end if 
return 

do randoms3 

PROC RANDOMS3 
RANDOMZ = COUNT - RANDOMY 
JKL = 1 
do while JKL <= RANDOMZ 

set decimals to 5 
store rand() * RANDOMX to XYZ 
store ceiling(XYZ) to CEIL 
delete for recno(} = CEIL 
JKL = JKL + 1 

enddo 
pack 
calc cnt(} 
return 
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Specsums.prg 
This program calculates reporting rates for three time periods from lists in the file 
listallx.dbf. It begins by bringing up an input screen in which the user specifies (a) 
the species to be considered (in code to match the field name for the species in the 
relevant database), (b) the minimum class size (no. of lists) for a point on the 
graphic (default = 15), and (c) the historic periods to be averaged in preparation for 
graphic presentation. The output comprises a file ready for log-linear modelling 
(a:( species code].dbf), a file ready for importation into SigmaPiot for the creation of 
a graphic presentation (listprob.dbf), and a screen print-out of Spearman rank 
correlation coefficients for the relationship between the reporting rate and list length 
for each time period. 

close all 
clear 
set safety off 
set decimals to 3 
public ABC,AN,ARS,ASP,BN,BRS,BSP,CN,CRS,CSP,GGG 
public NO,PAN,PAY,PBN,PBY,PCN,PCY,RECNOX,RECS 
public SP,SPPER,TIMEX,XSPNO,XX,YY,ZZ 
use d:\granivor\fpw\listallx in 1 
use d:\granivor\fpw\listprob in 2 
do screen 
do params 
do procxs 
close all 
use d:\granivor\fpw\Jogit in 3 
use d:\granivor\fpw\ranks in 4 
use d:\granivor\fpw\logita in 5 
use d:\granivor\fpw\logitb in 6 
use d:\granivor\fpw\logitx in 7 
do logit 
do logita 
do logitb 
do spearman 
sele 6 
SPPFILE = "a:\" + trim(ZZ) + 

II .dbf" 
copy to &SPPFILE 
close all 
set safety on 
clear 
? "Spearman's r(A) =

"
, ARS 

? "n =", AN 
? "Spearman's r(B) =

"
, BRS 

? "n =
"

, BN 
? "Spearman's r(C) =

"
, CRS 

? "n =", CN 

PROC SCREEN 
zz = "  
YY = 1 5  

II 

XX = "  II 

@ 5,2 to 20,70 double 
@ 7,5 say "Enter species here" get ZZ 
@ 8,5 say "(use species abbreviation from listallx column label)" 
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@ 1 1 ,5 say "Enter minimum number of lists per class" get YY 
@ 12,5 say "(default value = 15}" 
@ 15,5 say "Do you wish to switch off automatic averaging?" 
@ 16,5 say "Enter 'a', 'b' or 'c' for the historic periods for" 
@ 1 7,5 say "which you wish the averaging to be switched off;" 
@ 18,5 say "otherwise leave blank" get XX 
@ 24,2 say "MAKE SURE THERE IS A DISKETIE IN THE A: DRIVE" 
read 
clear 

PROC PARAMS 
sele 1 
index on time + str(spno,2) + str(year,4) to timeallx 
sele 2 
delete for recno() > 27 
pack 

PROC PROCXS 
TIMEX = "a" 
do sums 
if "a" $ XX 
else 

do average 
end if 
TIMEX = "b" 
do sums 
if "b" $ XX 
else 

do average 
end if 
TIMEX = "c" 
do sums 
if "c" $ XX 
else 

do average 
end if 

PROC SUMS 
NO = TIMEX + "no" 
XSPNO = TIMEX + "spno" 
RECS = TIMEX + "recs" 
SPPER = TIMEX + "spper" 
SPNOXX = 3 
replace all &RECS with 0, &SPPER with 9.999 
do while SPNOXX < 30 

sele 1 
calc cnt() for time = TIMEX .and. spno = SPNOXX to NOSPNO 
calc cnt() for time = TIMEX .and. spno = SPNOXX .and. &ll = "x" to XXX 

sele 2 
replace &NO with NOSPNO for spno = SPNOXX 
replace &XSPNO with XXX for spno = SPNOXX 
sele 1 
SPNOXX = SPNOXX + 1 
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enddo 
sele 2 
replace &RECS with spno * &NO for &NO # 0 
replace &SPPER with &XSPNO I &NO for &NO # 0 .and. recno() < 28 
return 

PROC AVERAGE 
SPNOXX = 29 
do while SPNOXX > 2 

locate for spno = SPNOXX 
if &NO < YY 

else 

ABC = 1 
NOAA = &NO 
XASPNO = &XSPNO 
XARECS = &RECS 
replace next 1 &SPPER with 9.999 
do while NOAA < YY .and. SPNOXX > 2 

SPNOXX = SPNOXX - 1 
if SPNOXX = 3 .and. NOAA < YY 

do back 

else 
ABC = 2  

locate for spno = SPNOXX 
replace next 1 &SPPER with 9.999 
store &NO to NOAB 
store &XSPNO to XBSPNO 
store &RECS to XBRECS 
XASPNO = XASPNO + XBSPNO 
XARECS = XARECS + XBRECS 
NOAA = NOAA + NOAB 

end if 
enddo 
if ABC # 2 

end if 

store XARECS to XXARECS 
store NOAA to XNOAA 
store XASPNO to XXASPNO 
SPNOA = XARECS I NOAA 
SPERRA = XASPNO I NOAA 
append blank 
locate for spno = 0 
replace next 1 spno with SPNOA, &SPPER with SPERRA 
if timex = "b" 

replace next 1 aspper with 9.999 
end if 
if timex = "c" 

replace next 1 aspper with 9.999, bspper with 9.999 
endif 

if ABC = 1 
calc max(spno) for &SPPER # 9.999 .and. spno <= SPNOXX 

to LAST 
locate for spno = LAST 
LASTPER = &SPPER 
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else 

end if 
endif 

append blank 
locate for spno = 0 
replace next 1 spno with LAST, &SPPER with LASTPER 
if timex = "b" 

end if 
replace next 1 aspper with 9.999 

if timex = "c" 
replace next 1 aspper with 9.999, bspper with 9.999 

endif 
ABC = O  

store recno() to TRECNO 
calc min(&NO) for recno() <= TRECNO to MIN 
if MIN < YY 

end if 

locate for spno = SPNOXX 
TSPNO = spno 
TSPPER = &SPPER 
append blank 
locate for spno = 0 
replace next 1 spno with TSPNO, &SPPER with 

TSPPER 
if timex = "b" 

replace next 1 aspper with 9.999 
endif 
if timex = "c" 

end if 

replace next 1 aspper with 9.999, bspper with 
9.999 

SPNOXX = SPNOXX - 1 
if SPNOXX = 3 

go 1 
if &NO < YY 

NOAA = O  
XARECS = 0 
XASPNO = 0 
do back 
SPNOXX = SPNOXX - 1 

end if 
end do 
return 

end if 

PROC BACK 
locate for spno = 3 
replace next 1 &spper with 9.999 
NOAA = NOAA + &NO 
XASPNO = XASPNO + &XSPNO 
XARECS = XARECS + &RECS 
XNOAAX = XNOAA + NOAA 
XXASPNOX = XXASPNO + XASPNO 
XXARECSX = XXARECS + XARECS 
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SPNOA = XXAAECSX I XNOAAX 
SPEARA = XXASPNOX I XNOAAX 
go bottom 
replace next 1 spno with SPNOA, &SPPER WITH SPERRA 
if timex = "b" 

replace next 1 aspper with 9.999 
endif 
if timex = "c" 

endif 
replace next 1 aspper with 9.999, bspper with 9.999 

PROC LOGIT 
sele 3 
delete all 
pack 
append from d:\granivor\fpw\listprob for recno() < 28 
replace all anr with ano - aspno 
replace all bnr with bno - bspno 
replace all cnr with cno - cspno 
index on spno tag spnoghi descending 
copy to d:\granivor\fpw\logitxx 
sele 7 
delete all 
pack 
append from d:\granivor\fpw\logitxx 

PROC LOGITA 
sele 5 
delete all 
pack 
sele 7 
go 1 
do while .not. EOF() 

MNO = "a" 
store spno to PPP 
store asp no to PAY 
store anr to PAN 
store bspno to PBY 
store bnr to PBN 
store cspno to PCY 
store cnr to PCN 
do gggg 
if GGG < 5 

end if 

do pool 
MNO = "b" 

if GGG < 5 

else 
do backward 

sele 5 
append blank 
replace spno with PPP 
replace aspno with PAY, anr with PAN for spno = PPP 
replace bspno with PBY, bnr with PBN for spno = PPP 
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replace cspno with PCY, cnr with PCN for spno = PPP 
end if 
sele 7 
if .not. EOF() .and. MNO # "b" 

skip 
end if 

enddo 

PROC POOL 
skip 
do while GGG < 5 .and . .  not. EOF() 

PAY = PAY + aspno 
PAN = PAN + anr 
PBY = PBY + bspno 
PBN = PBN + bnr 
PCY = PCY + cspno 
PCN = PCN + cnr 
do gggg 
skip 

enddo 

PROC GGGG 
GGG = PAY 
if PAN < GGG 

GGG = PAN 
endif 
if PBY < GGG 

GGG = PBY 
end if 
if PBN < GGG 

GGG = PBN 
endif 
if PCY < GGG 

GGG = PCY 
end if 
if PCN < GGG 

GGG = PCN 
end if 

PROC BACKWARD 
sele 5 
go bottom 
replace next 1 aspno with PAY + asp no 
replace next 1 anr with PAN + anr 
replace next 1 bspno with PBY + bspno 
replace next 1 bnr with PBN + bnr 
replace next 1 cspno with PCY + cspno 
replace next 1 cnr with PCN + cnr 

PROC LOGITB 
sele 6 
delete all 
pack 
sele 5 
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calc cnt() to WWW 
RECNOX = 1 
do while RECNOX <= WWW 

go RECNOX 
store spno to XLIST 
store asp no to XA Y 
store anr to XAN 
store bspno to XBY 
store bnr to XBN 
store cspno to XCY 
store cnr to XCN 
sele 6 
append blank 
replace next 1 time with "a", list with XLIST, rec with "y", freq with XAY 
append blank 

enddo 

replace next 1 time with "a", list with XLIST, rec with "n", freq with XAN 
append blank 
replace next 1 time with "b", list with XLIST, rec with "y" , freq with XBY 
append blank 
replace next 1 time with "b", list with XLIST, rec with "n", freq with XBN 
append blank 
replace next 1 time with "c", list with XLIST, rec with "y", freq with XCY 
append blank 
replace next 1 time with "c", list with XLIST, rec with "n", freq with XCN 
sele 5 
RECNOX = RECNOX + 1 

PROC SPEARMAN 
sele 4 
delete all 
pack 
append from d:\granivor\fpw\listprob 
delete for aspper = 9.999 .and. bspper = 9.999 .and. cspper = 9.999 
pack 
index on spno to rankspno 
copy to d:\granivor\fpw\rankrank 
use d:\granivor\fpw\rankrank 
SPNOY = 99 
calc cnt() to ALLX 
RECNOSP = 1 
do while RECNOSP <= ALLX 

go R ECNOSP 
SPNOZ = spno 
if SPNOZ = SPNOY 

store aspper to JASPPER 
store bspper to JBSPPER 
store cspper to JCSPPER 
PREV = RECNOSP - 1 
go PREV 
if aspper = 9.999 

replace next 1 aspper with JASPPER 
endif 
if bspper = 9.999 
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replace next 1 bspper with JBSPPER 
end if 
if cspper = 9.999 

replace next 1 cspper with JCSPPER 

endif 

endif 
go RECNOSP 
delete next 1 

SPNOY = spno 
RECNOSP = RECNOSP + 1 

enddo 
pack 
TIMEX = "a" 
do ranks 
TIMEX = "b" 
do ranks 
TIMEX = "c" 
do ranks 

PROC RANKS 
SPPER = TIMEX + "spper" 
SPA = TIMEX + "spr" 
PAR = TIMEX + "prr" 
D = TIMEX + "d" 
OS = TIMEX + "ds" 
N = TIMEX + "N" 
AS = TIMEX + "AS" 
index on spno to rankspno 
RANKSPNO = 1 
go 1 
scan 

if &SPPEA # 9.999 
replace &SPA with RANKSPNO 
RANKSPNO = RANKSPNO + 1 

end if 
endscan 
index on &SPPER to rankprr 
RANKSPER = 1 
SP = 9.999 
go 1 
scan 

if &SPPER # 9.999 

end if 
end scan 

replace &PAR with RANKSPER 
RANKSPEA = AANKSPER + 1 
SPX = &SPPER 
RECNOX = recno() 
if SPX = SP 

do ties 
end if 
go RECNOX 
SP = &SPPER 

replace &D with &SPA - &PAR for &SPA # 0 
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replace &OS with &0"2 for &SPA # 0 
calc cnt() for &SPA # 0 to &N 
calc sum(&DS) to DSQ 
store DSQ*6 to DSQSIX 
store &N"3 to NCUBED 
store NCUBED - &N to NCUBEDN 
store DSQSIX I NCUBEDN to RSR 
store 1 - RSR to &AS 

PROC TIES 
SPPER = TIMEX + "spper" 
PAR = TIMEX + "prr" 
calc cnt() for &SPPER = SP .and. &PAR # 0 to TIEDRANK 
calc sum(&PRR) for &SPPER = SP .and. &PAR # 0 to SUMRANK 
replace &PAR with SUM RANK I TIED RANK for &SPPER = SP .and. &PRR # 0 

Morans.prg 
This program calculates Moran's I for the index of decline (in file adjb3.dbf). It 
works on the "randomization assumption" (see Sokal & Oden 1 978, p207), i.e. 
there are no assumptions about the distribution of the index of decline. It tests for 
autocorrelation in adjacent degree cells only; i.e. the distance measure is simply 
adjacent (=1) or not adjacent (=0). 

close all 
set decimals to 1 8  
use d:\granivor\fpw\adjb3 
public AVGX,RRW,SUMROW,SUMRRW,SUMW,XY 
do prep 
do scanx 
do sums 

PROC PREP 
calc cnt() to XY 
calc avg(adjb3) to AVGX 
replace all residual with adjb3 - AVGX 
replace all ressq with residual"2 
replace all res4 with residual"4 

PROC SCANX 
SUMRRW = O  
SUMW = O  
XX = 1 
do while XX <= XY 

go XX 
LATX = lat 
LONGX = long 
RESX = residual 
SUMROW = O  
locate for lat = LA TX - 1 .and. long = LONGX 
if found() 

do cellcell 
end if 
locate for lat = LA TX + 1 .and. long = LONGX 

199 



if found() 
do cellcell 

endif 
locate for I at = LA TX .and. long = LONGX - 1 
if found() 

do cellcell 
endif 
locate for lat = LATX .and. long = LONGX + 1 
if found() 

end if 
go XX 

do cellcell 

SUMAC = 2*SUMROW 
SUMRCSQ = SUMRC"2 
replace next 1 rowcolsq with SUMRCSQ 
XX = XX + 1 

end do 

PROC CELLCELL 
RESY = residual 
SUMW = SUMW + 1 
RAW = RESX*RESY 
SUMRRW = SUMRRW + RAW 
SUMROW = SUMROW + 1 

PROC SUMS 
calc sum(ressq) to SUMRESSQ 
calc sum(res4) to SUMRES4 
calc sum(rowcolsq) to S2 
• calculation of Moran's I 
INUM = XY*SUMRRW 
IDEN = SUMW*SUMRESSQ 
I =  INUM/IDEN 
*calculation of the expected value of I 
XA = XY - 1  
EXP = -1/XA 
*calculation of S1 ,B2,Wsquared etc. 
S1 = 2*SUMW 
RESSQSQ = SUMRESSQJ\2 
82 = XY*SUMRES4/RESSQSQ 
SUMWSQ = SUMW"2 
*calculation of variables relating to n 
XYSQ = XY"2 
XY3 = 3*XY 
XB = XY - 2 
XC = XY - 3 
*calculation of other components of the standard error 
AA = XYSQ - XY3 + 3 
II = AA*S1 
BB = XY*S2 
CC = 3*SUMWSQ 
JJ = II - BB + CC 
KK = XY*JJ 
DD = XYSQ - XY 
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LL = DD*S1 
EE = 2*XY*S2 
FF = 6*SUMWSQ 
MM = LL - EE + FF 
NN = 82*MM 
00 = KK - NN 
GG = XA*X8*XC*SUMWSQ 
PP = 00/GG 
RR = XA"2 
QQ = 1/RR 
VAR = PP - QQ 
*calculation of the standard normal deviate 
SE = sqrt(VAR) 
SS = I - EXP 
SND = SS/SE 
*screen print of results 
clear 
? "Moran's I =", I 
? "Standard Normal Deviate =", SND 
? "Expected =", EXP 
? "Standard Error ="I SE 
? "n =

"
, XY 

? "avgx =
"

, AVGX 
? "wzz (last pair) ="I RAW 
? ·suMwzz ="I SUMRRW 
? "SUMz2 =

"
� SUMRESSQ 

? "W ="� SUMW 
? "S1 ="� S1 
? "S2 ="� S2 
? "82 ="

, 82 
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Appendix 4: Results of log-linear modelling of reporting rates (from Chapter 
3). 

Scenario: WOR = whole of range (within the study area) 
core area = degree cells with both historic and recent records. See 

chapter 3 
ssp. = subspecies 
All scenarios involve all three time periods - early, intermediate and 
recent (see Chapter 3) unless stated otherwise. 

No. II = the number of list length categories - the more categories, the more robust 
the analysis. 

Model: t = time period 
I =  list length 
r = reporting rate 
Models are hierarchical, including all described highest-order effects and 
all those below; thus t lr is abbreviated for t I r lr and tllr is abbreviated for 
t I r tl lr. The first model for any scenario is the best fit model; where 
applicable the second model for a scenario is the best fit model minus the 
tr effect. Where there are two models for a scenario, the x2 value and d.f. 
(but not the probability) of the former have been subtracted from the latter 
to permit determination of the significance of the tr effect. 

Saturated models are not reported here. All have the form: Model - tlr, x2 = 0.0; 
d.f. = 0; p = 1 .0. 

Species Scenario No. II Model x2 d. f. p 

Common Bronzewing 

core area 6 tl tr lr 14.52 1 0  0.151 
tllr 21 .59 j_g 0.042 

7.07 2 0.029 

west of 1 44°E 4 tl tr lr 9.63 8 .292 
tl lr 30.51 1 0  0.0007 

20.88 2 0.00003 

west of 144°E core area 3 tl tr lr 1 .99 6 .920 
t llr 26.61 § 0.0008 

24.62 2 0.000005 

east of 144°E 2 t lr 3.19 6 0.785 

east of 144°E core area 2 t lr 3.78 6 0.707 

Flock Bronzewing 

WOR bioregions model 2 tr lr 6.58 4 0.160 

t lr 58.82 §. 0.0000005 
52.24 2 <0.0000001 
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Appendix 4 continued 

Species Scenario No. II Model x.2 d. f. p 

Crested Pigeon 

WOR bioregions model 8 tl tr lr 1 9.25 1 4  0.156 
t llr 1 33.99 1 6  0.0000005 

1 1 4.74 2 <0.0000001 

core inland areas 5 tl tr lr 8.72 8 0.366 
tllr 56.07 1 0  <0.0000001 

47.35 2 <0.0000001 

Spinifex Pigeon 

eastern and central areas 2 tr lr 3.44 4 0.488 
t lr 17.03 § 0.009 

1 3.59 2 0.001 

Partridge Pigeon 

WOR degree cells model 4 tl tr lr 9.35 6 0.155 
tllr 58.47 � <0.0000005 

49.12 2 <0.0000001 

ssp. smithii 3 tl tr lr 3.84 4 0.482 
t! lr 101 .84 6 <0.0000005 

98.00 2 <0.0000001 

ssp. smithii, core areas 2 tl tr lr 0.91 2 0.636 
t llr 40.31 .1 <0.0000005 

39.40 2 <0.0000001 

Squatter Pigeon 

WOR bioregion model 4 tl tr lr 6.35 6 0.385 
tl lr 27.52 � 0.0006 

2 1 . 1 7  2 0.00003 

ssp. scripta 2 tl tr lr 2.91 2 0.233 
tllr 3 1 .52 .1 0.000002 

28.61 2 0.000001 

ssp. scripta, core areas 2 tl tr lr 3.34 2 0.189 
tl lr 24.04 .1 0.00008 

20.70 2 0.00003 

White-quilled Rock-Pigeon 

WOR bioregions model 2 tllr 0.55 2 0.759 
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Appendix 4 continued 

Species Scenario No. II Model x2 d.f. p 

Peaceful Dove 

WOR 9 tl tr lr 16.93 1 6  0.390 
tllr 96.13 18  <0.0000005 

79.20 2 <0.0000001 

core areas 8 tl tr lr 1 7.33 1 4  0.239 
tl lr 92.93 .1§ <0.0000001 

75.60 2 <0.0000001 

Diamond Dove 

WOR bioregions model 7 tl tr lr 15.47 1 2  0.217 
t llr 24.03 1 4  0.045 

8.56 2 0.014 

core areas 6 tl tr lr 1 4.17 1 0  0.165 
tllr 27.26 1£ 0.007 

13.09 2 0.001 

Bar-shouldered Dove 

WOR bioregions model 9 tl tr lr 14.52 1 6  0.560 
tl lr 27.60 1 8  0.068 

1 3.08 2 0.001 

core areas 8 tl tr lr 30.60 28 0.335 
t llr 48.26 30 0.019 

17.66 2 0.0001 

Red-tailed Black-cockatoo 

north of 1 9°8 6 tl tr lr 1 3.96 10  0.175 
tllr 32. 1 9  12  0.001 

18 .23 2 0.0001 

north of 1 9°8, core areas 6 tl tr lr 13.65 1 0  0.190 
tl lr 30.09 12  0.003 

16.44 2 0.0003 

Galah 

WOR bioregions model 9 tl tr lr 21 .79 1 6  0.150 
tl lr 78.74 1 8  <0.0000005 

56.95 2 <0.0000001 
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Appendix 4 continued 

Species Scenario No. II Model x2 d.f. p 

core inland areas 6 tr lr 26.36 20 0.155 
t lr 31 .30 22 0.090 

4.94 2 0.085 

core coastal areas 3 tl tr lr 2.89 4 0.576 
tllr 26.99 § 0.0001 

24.10 2 0.000006 

Little Corella 

ssp. sanguinea 5 tr lr 20.34 1 6  0.206 
t lr 27.10 1 8  0.077 

6.76 2 0.034 

ssp. sanguinea, 5 tr lr 13.90 1 6  0.606 
core areas t lr 20.33 1.§. 0.315 

6.43 2 0.040 

ssp. gymnopis, 
western areas 2 t lr 3.57 6 0.735 

Sulphur-crested Cockatoo 

ssp. galerita 5 tl tr lr 6.74 8 0.565 
tllr 13.50 1 0  0.197 

6.76 2 0.034 

ssp. galerita core areas 5 t llr 1 1 .66 10  0.308 

Cockatiel 

WOR bioregions model 8 tl tr lr 17.76 1 4  0.218 
t llr 27.79 1.§ 0.034 

10.03 2 0.007 

core areas 7 tl tr lr 17.43 12 0.134 
tllr 2 1 . 1 2  1 4  0.099 

3.69 2 0.158 

Budgerigar 

WOR bioregions model 7 tl tr lr 1 1 .92 1 2  >0.25 
tllr 68.06 1.1 <0.0000005 

56.14 2 <0.0000001 

core areas 6 tl tr lr 9.57 1 0  0.479 
tllr 94.10 12 <0.0000005 

84.53 2 <<0.0000001 
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Appendix 4 continued 

Species Scenario No. II Model x.2 d.f. p 

Red-winged Parrot 

WOR bioregions model 9 t llr 19.54 1 8  0.359 

core areas 7 t llr 18.63 1 4  0.180 

Australian Ringneck 

WOR bioregions model 2 tl lr 0.219 2 0.896 

Pale-headed Rosella 

WOR bioregions model 6 tr lr 24.64 20 0.216 
t lr 38.45 22 0.016 

1 3.81 2 0.001 

Northern Rosella 

WOR degree cells model 5 tl tr lr 8.00 8 0.434 
tllr 15.22 1 0  0.124 

7.22 2 0.027 

core areas 5 tr lr 1 5.52 1 6  0.487 
t lr 21 .95 .ll! 0.234 

6.43 2 0.040 

Zebra Finch 

WOR bioregions model 8 t llr 1 3.60 1 6  0.628 

core areas 7 t llr 1 6.61 1 4  0.278 

Double-barred Finch 

core areas 8 tl tr lr 1 6.54 1 4  0.282 

tllr 27.05 1.§ 0.041 
10.51 2 0.005 

ssp. annulosa 5 tr lr 2 1 .63 1 6  0.156 

t lr 41.71 1 8  0.001 

20.08 2 0.00004 

ssp. annulosa, core areas 5 tr lr 17 . 10  1 6  0.380 

t lr 33.26 .ll! 0.016 
1 6. 1 6  2 0.0003 

ssp. bichenovii 6 tllr 6.74 1 2  0.874 
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Appendix 4 continued 

Species Scenario No. I I  Model x2 d.f. p 

ssp. bichenovii, core areas 5 tllr 3.77 1 0  0.957 

Gouldian Finch 

WOR, bioregions model 5 tl tr lr 5.46 8 0.708 
tllr 91 .92 1Q <0.0000005 

86.46 2 <0.0000001 

core areas 3 tl tr lr 2.23 4 0.693 
tl lr 92.06 § <0.0000005 

89.83 2 <0.0000001 

western core areas 2 tl tr lr 0.92 2 0.633 
tllr 72.70 4 <0.0000005 

71.78 2 <0.0000001 

Long-tailed Finch 

WOR, bioregions model 6 t llr 1 6.67 1 2  0.162 

Black-throated Finch 

core areas 2 tl tr lr 0.17 2 0.919 
tl lr 17 . 10  4 0.002 

16.93 2 0.0002 

Masked Finch 

ssp. personata 4 t lr 1 4.76 1 4  0.395 

ssp. personata, core areas 3 t llr 7.89 6 0.246 

Crimson Finch 

WOR, bioregions model 6 t llr 14.64 1 2  0.262 

core areas 5 tl lr 3.67 10  0.961 

west of 140° E 4 t lr 14.76 1 4  0.395 

west of 140°E, core areas 4 t lr 18.18 14 0.199 

Star Finch 

WOR, degree cells model 3 tl tr lr 7.55 4 0.1 1 0  
tl lr 43.05 6 <0.0000005 

35.50 3 <0.0000001 
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Appendix 4 continued 

Species Scenario No. II Model x2 d.f. p 

core areas 2 tl tr lr 0.05 2 0.977 
t llr 22.88 1 0.0001 

23.83 2 0.000007 

ssp. clarescens, 2 tl tr lr 0.14 2 0.932 
west of 1 37°E tllr 31.45 4 0.000002 

31 .31 2 <0.000001 

ssp. clarescens, 2 tr /r 6.91 4 0.141 
west of 1 37°E t lr 43.69 § 0.0000001 
core areas 36.71 2 <0.0000001 

Plum-headed Finch 

WOR, bioregions model 3 t llr 1 4.64 12  0.262 

Painted Finch 

WOR, bioregions model 2 tr lr 1 .55 4 0.818 
t lr 1 5. 1 5  § 0.019 

13.60 2 0.001 

Chestnut-breasted Mannikin 

WOR, bioregions model 6 tl tr lr 7.33 1 0  0.694 
tllr 38.66 12  0.0001 

31.33 2 <0.000001 

core areas 5 tl tr lr 6.38 8 0.605 
t llr 37.57 1Q 0.00005 

3 1 . 1 9  2 <0.000001 

ssp. assimilis 3 tl tr lr 3.72 4 0.446 
tllr 25.41 § 0.00031 

21.69 2 0.00002 

ssp. assimilis, 3 tl lr 4.51 3 0.212 

excl. intermediate period 

ssp. assimilis, core areas 2 tr lr 1 .82 4 0.769 
t lr 21 .35 6 0.002 

19.53 2 0.00006 

ssp. assimilis, core areas, 2 tr lr 0.30 2 0.862 

excl. intermediate period t lr 6.04 � 0.1 1 0  
5.74 1 0.016 
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Appendix 4 continued 

Species Scenario No. II Model x2 d.f. p 

ssp. castaneothorax 3 tr lr 4.85 4 0.303 
t lr 23.49 § 0.0003 

18.64 1 0.00001 

ssp. castaneothorax, 2 tr lr 5.14 4 0.274 
core areas t /r 26.86 § 0.0002 

21 .72 2 0.00002 

ssp. castaneothorax, 2 tr lr 1 .1 9  2 0.552 
core areas excl. t lr 20.60 � 0.0001 
intermediate period 1 9.41 0.00006 

Pictorella Mannikin 

WOR, degree cells model 4 tl tr lr 8.64 6 0.195 
t lr 58.59 � <0.0000005 

49.95 2 <0.0000001 

core areas 2 tl tr /r 2.64 2 0.268 
t llr 44.83 4 <0.0000005 

42.19 2 <0.0000001 

core areas, excl. 2 tl tr lr 0.1 1 1 0.744 
intermediate period tl lr 6.84 2 0.033 

6.73 1 0.035 

Brown Quail 

WOR, degree cells model 7 tl tr lr 16.39 1 2  0.174 
t lr 98.08 1 4  <0.0000005 

81.69 2 <0.0000001 

core areas 5 tl tr lr 8.29 8 0.406 
t lr 89.88 1 0  <0.0000001 

81.59 2 <0.0000001 

western core areas 3 tl tr lr 2.55 4 0.635 
t lr 66.50 6 <0.0000001 

63.95 2 <0.0000001 

eastern core areas 2 tl tr lr 1 .86 2 0.395 
t lr 31 .37 4 0.000003 

29.51 2 0.000001 
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Appendix 4 continued 

Species Scenario No. II Model x2 d.f. p 

Chestnut-backed Button-quail 

WOR, bioregions model 2 tr lr 2.83 2 0.243 
65.12 � <0.0000005 
62.29 1 <0.0000001 
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Appendix 5: Ecological traits of the granivore species, as utilised in analyses 
in Chapter 4. 

Traits are: 1 = W1 0, 2 = W50, 3 = W1 00, 4 = W1 OOPLUS, 5 = diet1 , 6 = diet2, 7 = 
diet3, 8 = for_grou, 9 = for=herb, 1 0  = for_tree, 1 1  = open_nes, 1 2  = nest_gro, 1 3  = 
nest_low, 1 4  = nest_hol, 1 5  = nest_bra, 1 6  = eggs2, 1 7  = eggs4, 1 8  = eggs5PLU, 1 9  
= riparian, 20 = rock, 21 = woodland, 22 = local, 23 = regional, 24 = distance, 25 = 
family, 26 = flock20, 27 = flock20P, En = endemicity, Di = distribution breadth. See 
Chapter 4 for full definitions. 

Species 

Trait number 

1 3 5 7 9 1 1  13 1 5  17 19 2 1  2 3  25 27 Di 

2 4 6 8 1 0  12 14 1 6  1 8  20 22 2 4  2 6  En 

Stubble Quail 0 0 1 1 0 1 0 1 0 0 1 1 0 0 0 0 0 1 0 0 1 0 0 1 1 1 0 n 3 

Brown Quail 0 0 1 0 0 1 0 1 0 0 1 1 0 0 0 0 0 1 1 0 1 1 1 0 1 1 0 n 4 

King Quail 0 1 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 1 1 0 0 1 1 0 1 0 0 n 4 

Red-back B-Qul 0 1 0 0 0 1 0 1 0 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 1 0 0 n 4 

Little B-Quail 0 1 1 0 0 1 0 1 0 0 1 1 0 0 0 0 1 0 0 0 1 0 0 1 1 1 0 n 3 

Red-ch B-Quail 0 1 1 0 0 1 0 1 0 0 1 1 0 0 0 0 1 0 1 0 0 0 1 1 1 0 0 n 4 

Chest-back B-Q 0 0 1 1 0 1 0 1 0 0 1 1 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 y 2 

Buff -breas B-Q 0 0 1 1 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 1 1 0 1 0 0 y 1 

Paint B-Quail 0 0 1 1 0 1 0 1 0 0 0 1 0 0 0 0 1 0 0 0 1 1 0 0 1 0 0 n 2 

Common B ' wing 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 1 1 1 0 1 0 0 n 4 

Flock B ' wing 0 0 1 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 1 0 1 1 0 0 1 n 4 

Crested Pigeon 0 0 0 1 1 1 0 1 0 0 1 0 0 0 1 1 0 0 0 0 1 1 1 0 1 1 0 n 4 

Spini fex Pig 0 0 1 1 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 1 0 1 0 0 1 1 1 n 3 

Partridge Pig 0 0 0 1 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 1 1 0 0 1 1 0 y 2 

Squatter Pig 0 0 0 1 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 1 1 0 0 1 1 0 y 2 

White-qu R-Pig 0 0 0 1 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 1 0 1 0 0 1 1 0 y 1 

Chest-q R-Pig 0 0 0 1 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 1 0 1 0 0 1 1 0 y 1 

Diamond Dove 0 1 0 0 1 0 0 1 0 0 1 0 1 0 1 1 0 0 0 0 1 0 1 1 1 1 1 n 4 

Peaceful Dove 0 1 1 0 1 0 0 1 0 0 1 0 1 0 1 1 0 0 0 0 1 1 1 0 1 1 0 n 4 

Bar-should Dov 0 0 0 1 1 1 0 1 0 0 1 0 1 0 1 1 0 0 1 0 1 1 0 0 1 1 1 n 4 

Wonga Pigeon 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 1 1 0 0 1 0 0 n 1 

Palm Cockatoo 0 0 0 1 0 0 1 1 0 1 0 0 0 1 0 1 0 0 0 0 1 1 0 0 1 1 0 n 1 

Red- tail B-Coc 0 0 0 1 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 0 1 0 1 0 1 1 1 n 4 

Ye1-tai1 B-Coc 0 0 0 1 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 0 1 0 1 0 1 1 1 n 1 

Galah 0 0 0 1 1 1 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 1 1 0 0 1 1 n 4 

Little Corella 0 0 0 1 0 1 0 1 0 0 0 0 0 1 0 1 1 0 1 0 1 1 1 0 0 0 1 n 4 

Major Mite Coc 0 0 0 1 0 0 1 1 0 1 0 0 0 1 0 0 1 0 1 0 1 1 1 0 1 1 1 n 3 

Sulph-cres Coc 0 0 0 1 0 1 1 1 0 1 0 0 0 1 0 1 1 0 1 0 1 1 1 0 1 1 0 n 4 

Cockatiel 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 1 0 0 1 1 1 1 n 4 

King Parrot 0 0 0 1 0 1 0 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 1 0 1 1 0 n 1 

Red-wing Parr 0 0 0 1 0 0 1 0 0 1 0 0 0 1 0 0 1 1 1 0 1 1 1 0 1 1 0 y 4 

Princess Parr 0 0 1 1 0 1 0 1 0 1 0 0 0 1 0 0 1 1 0 0 1 0 0 1 1 1 1 n 2 

Crims Ros e l l a  0 0 0 1 0 0 1 1 0 1 0 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 0 n 1 

Pale-head Ros 0 0 0 1 0 1 0 1 0 1 0 0 0 1 0 0 1 1 1 0 1 1 0 0 1 1 0 y 2 

Northern Ros 0 0 1 1 0 0 1 1 0 1 0 0 0 1 0 0 1 1 1 0 1 1 0 0 1 1 0 y 2 

Aust Ringneck 0 0 0 1 0 0 1 1 0 1 0 0 0 1 0 1 1 1 1 0 1 1 0 0 1 1 0 n 3 

Gold-sh Parrot 0 0 1 0 1 0 0 1 0 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 y 1 

Hooded Parrot 0 0 1 0 1 0 0 1 0 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 y 1 

Paradise Parr 0 0 1 0 1 0 0 1 0 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 y 1 

Red-rump Parr 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 1 n 1 

Blue Bonnet 0 0 1 1 1 1 0 1 0 1 0 0 0 1 0 0 1 1 0 0 1 1 0 0 1 1 0 n 1 

Budgerigar 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 0 1 1 n 4 

Turquo ise Parr 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 1 0 0 1 1 0 n 1 

Zebra Finch 1 1 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 1 0 0 1 1 0 0 0 0 1 n 3 

Double-bar Fin 1 0 0 0 1 0 0 1 0 0 0 0 1 0 1 0 1 1 1 0 1 1 0 0 0 1 1 n 4 

Long- tail Fin 0 1 0 0 1 1 0 1 0 0 0 0 0 1 1 0 0 1 0 0 1 1 0 0 1 1 1 Y 2 

Black-thr Fin 0 1 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 1 0 0 1 1 1 0 0 1 1 Y 2 
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Masked Finch 0 1 0 0 1 1 0 1 0 0 0 1 1 0 1 0 1 1 0 0 1 1 0 0 0 1 0 y 3 

Crimson Finch 1 1 0 0 1 1 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 1 0 y 4 

Star Finch 1 1 0 0 0 1 0 1 1 0 0 0 1 0 1 0 1 1 1 0 0 1 0 0 1 1 0 n 4 

Plum-head Fin 1 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 1 1 1 0 0 1 1 0 1 1 1 y 1 

Red-brow Fire 1 1 0 0 1 1 0 1 1 0 0 0 1 0 1 0 0 1 1 0 1 1 0 0 1 1 1 n 2 

Diamond Fire 0 1 0 0 1 1 0 1 0 0 0 0 1 0 1 0 0 1 1 0 1 1 1 0 1 1 1 n 1 

Painted Finch 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 1 0 0 1 1 0 n 3 

Yell-rump Mann 0 1 0 0 1 0 0 1 1 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 1 1 1 y 2 

Chest-br Mann 0 1 0 0 1 1 0 1 1 0 0 0 1 0 0 0 0 1 1 0 0 0 1 0 0 1 1 n 4 

Pictorella Man 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 1 0 0 1 0 1 0 1 1 1 y 3 

Gouldian Finch 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 1 1 0 0 1 1 y 3 
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