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SUHMARY 

1. A total of 99 bird species were recorded from June 1982 to May 

1983. Ninety species were recorded in adjacent source areas and 

69 species in residential sites. 

2. There were more open-forest and woodland bird species recorded 

during the study than there were grassland and exotic species in 

the ratio 8:2 but the House Sparrow, Common Starling and the 

Silvereye were the dominant species in that order (Table 7.2). 

3. There were more bird species recorded in the adjacent open

forest/woodland source areas than there were in the suburban 

sites, but bird density was higher in the suburban sites than in 

the adjacent open-forest/woodland source areas. 

4, There was a positive relationship between the mean total number of 

species and the age of the suburbs but only up to 12 year old 

sites beyond which no increase in species was determined (Figures 

4,1 and 4,2). 

5. The density of birds increased with the age of the suburbs, but 

with a higher rate of increase between 1-2 year to 12 year old 

sites than between 12 year to greater than 30 year old sites 

(Figure 4,3), 

6. The number of open-forest and woodland species increased with the 

age of the suburbs but the number of grassland and exotic species 

remained largely unchanged. 

7. The relationships observed between the number of species, bird 

density and the age of the suburbs supported the hypothesis that 

the increases in the number of species and bird density with 

increases in age of suburbs represented a response by birds to 

changes in habitat conditions over time and not necessarily as a 
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response to the age of sites. Such habitat changes reflected the 

growth of trees and, to a lesser extent, the increased cover of 

shrubs. 

8, Significant positive correlations between the age of the suburbs 

and eight vegetation habitat attributes suggests that these 

habitat attributes were interelated with age (Table 5,2). These 

are as follows: % total foliage cover, % native foliage cover, % 

foliage cover 2-4m, % foliage cover 4-Bm, % foliage cover 8-12m, % 

foliage cover >12m, Top height, Foliage height diversity. 

9. The relationships between% cover of foliage height classes 1-2 m 

to >12 m, % total foliage cover, height of the tallest trees and% 

native foliage cover were positively correlated with the number of 

open-forest species, woodland species and the total number of 

species, but not with the number of grassland and exotic species 

groups (Table 5,4). 

10. The lower number of species for open-forest species, woodland and 

grassland species, and the lower density of birds on 20 year and 

>30 year old sites with exotic vegetation for the three species 

groups (Table 4,4) indicated the negative influences of exotic 

vegetation (most of which was deciduous) on native bird species, 

but nevertheless enhanced the density of exotics. 

11. There were no significant relationships found between the number 

of grassland species and any of the listed habitat attributes 

except for % lawn cover. 

12, The number of exotic species had significant positive 

relationships with% lawn cover and foliage height diversity and 

significant negative relationships with% mulch cover, % foliage 

cover and % native foliage cover. There was a significant 

negative relationship with% mulch and the density of exotic 

species (Tables 5.4 and 5,6). 
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13. There was a negative relationship between paved surfaces 

(including the percentage of area under house) and the numbers of 

open-forest, woodland and grassland species together with their 

densities but the number of exotic species and their density 

remained largely unaffected (Tables 5.4 and 5.6 ). 

14. Similarly a negative relationship was observed between the numbers 

of open-forest, woodland and grassland species with respect to 

distance of suburban sites from source areas. The number of 

exotic species, however, remained largely unchanged. The 

hypothesis that the number of species in the suburbs decreased 

with the increase in distance of the sites from the open

forest/woodland source areas was supported (Figures 6.1 - 6.4 and 

Table 6.1). Only the density of individual birds of grassland and 

exotic species increased with increase in the distance of sites 

from open-forest/woodland source areas. 

15. The list of habitat attributes selected in the step wise 

regression as being most responsible for variations in the number 

of species and the density of birds showed that not only were the 

age of the suburbs, and distance of sites from open

forest/woodland source areas major factors that affected the 

number of species and their density in suburban Canberra but also 

important were attributes related with the vegetation components 

such as total foliage cover, foliage height diversity and 

proportion of native vegetation (Tables 7.8 and 7.10). 
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CHAP'lER 1 

IIITRODUCTIOJI 

The ecological relationships between birds and habitat features have 

been intensively studied throughout the world, particularly in Europe 

and North America. A comprehensive review of these studies was carried 

out by Cody (1974 and 1981). The role of vegetation structure received 

considerable attention in these studies. Studies conducted in natural 

areas have shown that bird species composition is correlated with 

vegetation complexity and species richness with foliage height 

diversity (based on the total leaf surface area in each of the foliage 

levels) (MacArthur 1961 and Karr and Roth 1971 ). 

Ecological studies on birds living in urban or suburban habitats, also 

have been undertaken more overseas than in Australia. Wacott (1964) 

and Tomialojc (1970) in Europe, Siegfried (1968) in South Africa and 

Emlen (1974), De Graaf and Thomas (1976), De Graaf (1978), Vale and 

Vale (1-976) in North America have shown that every town has unique 

relationships between bird population parameters and the various 

aspects of the suburban environment. 

Studies concerning relationships between birds and metropolitan areas 

are becoming more relevant now because of the importance attached to 

the presence of birds in residential areas and their roles as 

indicators of environmental quality. Their ecological, aesthetic and 

educational value in urban settlements have been highlighted by the 

growing interest shown by local residents in growing a wide variety of 

plants in their suburban private gardens (Laurie 1979). This is 

probably an important trend for Australia where about 80% of a total 

population of 13 million live in cities or their suburbs with the 

surrounding land often under intensive land uses, and rendered 

unsuitable for numerous bird species. Nevertheless if birdlife is to 

be part of suburban settings then the likelihood of such birdlife to be 

permanently established in these areas can be better achieved by 

providing even more habitats within the residential areas where a large 

number of bird species can co-exist with people. Gill and Bonnet 

(1973) and Leedy et al (1978) have shown that in recent years there has 
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been greater emphasis on the inclusion of suitable habitats in the 

planning and development of residential areas to enhance birds and 

other wildlife. The provision of vegetation cover and nest si tea by 

tree planting and the conservation of certain areas close to suburbs is 

likely to increase the availability of food and shelter for birds. 

The elimination of suitable habitats for many bird species owing to 

human related activities such as agriculture and suburban development, 

continue to keep certain bird species away from human settlements. In 

recent years, the increasing concern for conservation and the presence 

of birds within the residential areas, and the increase in vegetation 

cover and the provision of open space as biological corridors in modern 

suburbs, has resulted in an increase in the number of suburban bird 

studies being undertaken, (Batten 1972, Guthrie 1974, Thomas~ al 

1974, Hooper et_!! 1975, Huhtala and Jarvinen 1977 and Hohtola 1978). 

Such studies have been directed at determining habitat requirements for 

birds in suburban areas as well as determining relationships between 

birds and suburban habitat features. More recent research on suburban 

birds by Savard (1978), Lancaster and Rees (1979), Luniak (1980) and 

Cousins (1982) showed that the presence of birds in residential areas 

was dependent on the kind of vegetation and its structural components 

but was to a lesser extent influenced by the occurrence of predators, 

traffic density and human activity. Emlen (1974) had previously 

envisaged that not only the proximity and extent of natural woodland 

habitats significantly contribute to a higher species richness and bird 

density in residential areas but also bird species specialization and 

vegetation complexity within the gardens and along the streets. 

The relationships between species richness, bird density and the 

habitat attributes of the suburban environment have yet to be confirmed 

in Australia. Davis (1979) suggested that suburbs in Australian cities 

possess a greater density of vegetation to which birds from the 

depleted countryside were being attracted and if well maintained could 

provide perpetual bird refuges. Jones (1981 and 1983) in Wagga Wagga 

and Townsville, respectively, described some of the relationships 

between bird species richness, bird density and the age of suburbs and 

habitat attributes, especially the vegetation components. Similar 

relationships were suggested by Stein (1982) for some of Canberra's 
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suburbs in the Australian Capital Territory (ACT). Canberra forms an 
interesting situation in that it is a modern and well planned city 

where a greater emphasis is placed on the provision of large reserves 

and a system of interlinked open space that are meant to serve as 

biological corridors for birds and other wildlife as well as offer 

recreational opportunities for the people to feel in harmony with 

nature (Seddon 1 977 and Shorthouse 1979). 

The greater the distance of suburbs from adjacent source areas for 

native bird species has been considered as a negative factor that 

worked against the utilisation of suburban habitats by birds (Emlen 

1974; Thomas and~ al 1977; De Graaf 1'978). In addition, studies 

undertaken to determine the effects of urbanisation by Batten ( 1972), 

Emlen (1974) and Huhtalo and Jarvinen (1977) indicated that bird 

species richness (as measured by the number of species) was lower in 

the developed areas than in the adjacent undeveloped natural or 

seminatural source areas. 

The nature of the habitats accessible to bird species in suburban 

environments would be expected to change with the passing of time and 

as the shrubs and trees planted for enhancing the landscape grew to 

maturity (Lancaster and Rees 1979), The monitoring of these changes 

with time requires a considerable length of time, but by studying sites 

or suburbs of varying ages data on the relationships between species 

richness, bird density and temporal changes of suburban habitats can be 

assessed. Suburban bird studies based on a similar strategy have been 

conducted in North America (Vale and Vale 1976 and Savard 1978), in 

Europe (Hohtola 1'978 and Luniak 1980) and in Australia (Jones 1981 and 

1983). Results from these studies demonstrated an increase in species 

richness and bird density with the progressive aging of the suburbs. 

The heterogeneity of the artificial features in the built environment 

and the adjacent areas might be contributing considerably to the 

overall structural complexity of the suburban areas and hence open the 

opportunities for habitat utilisation by birds and increase species 

richness and bird density. Emlen (1974) and Lancaster and Rees (1979) 

suggested that powerlines, television aerials and buildings, including 

pavements, tended to favour omnivorous and gramni vorous species. The 
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nectivorous bird species and the fruit eating species were more 
sparsely distributed and favoured well vegetated suburban areas 

(Siegfried 1968, Vale and Vale 1976 and Savard 1978) thereby indicating 

the benefits of horticultural plantings to birds in suburban areas. 

Studies undertaken by Jones (1981 and 1983) in Australia have shown 

that a higher portion of exotic horticultural plantings lowered species 

richness in suburban areas and increased the bird density of exotic 

birds. 

The present study was designed to investigate the relationships between 

birds and some key suburban habitat features within the Canberra 

metropolitan situation and to test the following null hypotheses:-

(a) Bird species richness and bird density were not related to 

the age of the suburbs nor the development of vegetation 

cover and the structural complexity of the vegetation which 

were associated with age. (Species richness was measured as 

the total number of bird species recorded on a site and bird 

density as the monthly density of individual birds per ha). 

(b) Bird species richness and bird density were not related to 

the distance from open forest/woodland source areas. 

(c) The species richness and composition of birds within suburban 

habitats were not related to some specific quantifiable 

habitat attributes such as layers of vegetation and 

proportion of area covered by pavement. 
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CHAP"rER 2 

DESCRIPTIOII OF THE SUBURB.A.II STUDY AREA llD ADJACEIT 

NATIVE VEGETATION SOURCE AREAS FOR BIRDS 

2. 1 GEIERAL P'BATURES 

2.1.1 Location 

The Australian Capital Territory (ACT) covers an area of 2,356 sq km 

and is surrounded by the Southern Tablelands of New South Wales. 

Canberra (35° 17'S, 149° 13'E) is situated within the ACT (Figure 2.1) 

and has a population of 240,000 (Australian Bureau of Statistics 1983), 

It is an inland city 580 m above sea level, and 144 km from the coast. 

2.1'.2 Climate 

The elevation and distance from the sea markedly influences the climate 

of the ACT. It has a continental type climate with summer air 

temperatures reaching 30°C and above on 67 days during the 12 months of 

the present study while during winter frosts occur on 94 days of the 

year (Lyne 1978). The average minimum and maximum temperatures for the 

last 43 years to December 1982 are 6.3°c and 19.4 °c, respectively 

(Bureau of Meteorology 1982). Monthly mean temperatures ranged from 

28.8 to 31.8°c in summer and from -1-.9°c to 7.8°C in winter. Nocturnal 

temperature inversions frequently occur and, although specific data are 

not available, it is estimated that they occur on 70% of all mornings 

with rapid dissipation in summer but prolonged into the morning during 

winter (Lyne 1978). 

The mean annual rainfall is 550 mm and is not strongly seasonal or 

variable. A below average 419 mm rainfall was recorded during this 

study (Bureau of Meteorology summaries 1982/83). On the mountains to 

the west the average rainfall reaches 1,200 mm but the location of 

Canberra between mountain ranges affects the amount of rainfall that it 

receives as it lies in a rainshadow {Pryor 1955). Hail occurs on 

average twice a year in Canberra. Snowfalls occur on average 1 to 3 

times each year (Lyne 1978). 
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In all months, winds are more frequent and of higher mean velocity at 

1500 hrs that at 0900 hrs. The July-September quarter has 5-12% higher 

wind velocities than other quarters at both 0900 hrs and 1500 hrs. The 

average maximum wind speed during the study period of 57 km/h as 

compared to the average wind speed of 3,7 km/h (Bureau of Meteorology 

1983) was high and meant that all census work had to be restricted to 

the morning hours when the wind speeds were much lower, 

2. 1.3 Relief and drainage 

The ACT is located in an area of gently undulating plains with isolated 

hills and is surrounded by mountain ranges. Some of these ranges form 

the physical boundary of the Territory. The Brindabella, Tidbinbilla 

and the Bimberi ranges form the western boundary and to the south-east 

are the Booth and Clear ranges. These ranges rise above 1,700 metres, 

with peaks rising well over 2,000 m, and form part of the Great 

Australian Divide (Lyne 1978 ), The land in the north of the ACT is a 

gently undulating plain mostly below 700 m dotted with hills such as 

Black Mountain (812 m), Mount Ainslie (843 m) and Mount Maj ura (890 m). 

Mount Stromlo, west of the city, rises to 782 m. The suburbs and the 

city of Canberra are built on the plains around these hills with an 

altitude of between 500 m to 900 m, 

The Murrumbidgee River is the main drainage channel that traverses the 

ACT. It flows in a north-westerly direction and roughly divides the 

gently rolling country of the north from the steeper ridges and 

mountains of the south (Lyne 1978). Within the ACT the Murrumbidgee 

has five major tributaries; the Cotter and Gudgenby from the south and 

from the east flow the Molonglo, Queanbeyan and Ginninderra. There are 

numerous other creeks but all are tributaries of the rivers listed 

above. The Murrumbidgee and its tributaries are said to provide a 

corridor that serves as a seasonal migratory route for some birds 

particularly honeyeaters and some parrots (Shorthouse 1979). 

Two artificial lakes have been built within the city, Lake Burley 

Griffin on the Molonglo River divides the city into a north and south 

section (Figure 2.1). Lake Ginninderra on the Ginninderra creek is 

smaller. Both lakes were built for aesthetic and other recreational 
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functions as well as to provide habitats for aquatic birds and other 

aquatic biota. Davey (1980, 1981) cited 25 species of waterbirds on 

Lake Ginninderra. 

2.2 STUDY AB.Kl HABITATS 

2.2.1 General and historical aspects 

Terrestrial vegetation is a significant determinant of habitat quality 

because it plays a vital role in providing food and shelter for 

wildlife. A description of the vegetation of an ecological study is 

therefore an essential part of the process of understanding 

relationships that exist between organisms and their habitats. So far 

quite a number of studies have been carried out on some aspects of the 

distribution of vegetation in the Canberra region. The major ones 

being those carried out by Pryor (1955, 1962), and that by Costin 

(1"954). Work by Burbidge (1962), and Burbidge and Gray (1965 and 1970) 

has more of a floristic approach to the description of the vegetation 

of the region, than that by Pook and Moore {1966). Within the Canberra 

region (city, suburbs and surrounding environments), Elliot and Douglas 

(1972), Ingwersen~ al. (1974) and Chan~_!! (1974), have described 

the remnant vegetation of the hills and plains. Another report on the 

vegetationof the ACT is by Shorthouse (1979) who compiled aninventory 

of the ecological resources of the study area. 

The major conclusion that emerges out of these reports is that the 

present day terrestrial communities of the ACT are degraded and 

substantially altered versions of those that existed at the time of 

European settlement. Most of the native vegetation was cleared from the 

flat and undulating country for livestock grazing and suburban 

development. Much of what can be seen as remnants of this vegetation 

now are regenerations of what had been cleared in the past. This type 

of vegetation can now be seen on Black Mountain, Mount Ainslie, Mount 

Majura and O'Connor Hill. Even now, hills like Mount Taylor and Mount 

Painter are still largely devoid of tree vegetation because the grazing 

leases on them have not been withdrawn. In addition, other hills such 

as Mount Stromlo, Green Hills and Murrays Hill, Sugar Hill and 

McDonalds Hill, have had native vege tation cleared and planted to 
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exotic pine plantations ( generally Pinus radiata). Nevertheless, the 

presence of wet sclerophyll forest and alpine vegetation in relatively 

close proximity to the city and its suburbs presents an opportunity for 

the well vegetated suburban areas to share with these high altitude 

areas some avifauna through the birds movements occurring as a result 

of seasonal weather changes. 

Much of what is now the centre of the city and its suburbs were areas 

naturally without trees. These native and improved grasslands were 

suitable mostly for sheep grazing. Only when plans were made for the 

construction of the National Capital was tree planting accepted as one 

of the necessities of the design of Canberra. To date, almost 70 years 

later, over 10 million trees and shrubs have been planted in an area 

which was grassland except for the few wooded hill slopes which also 

had been cleared, for agricultural reasons (Gibson 1978). 

Much of what makes Canberra unique are its spacious well maintained 

gardens and parks which were included as part of the original design of 

Canberra. The historical aspects that lead to the current status of 

'the Canberra's built environment can be traced back to the English 

garden city movement which began towards the end of the nineteenth 

century. The concept of the garden city on which the Canberra plan was 

based meant that the city could have the advantages of both town and 

country, and was to be encircled and limited in size by a permanent 

agricultural green belt (Seddon 1977), The functions of the green belt 

included the separation of different suburban areas or incompatible 

land uses, the provision of a wide range of recreation facilities and 

an attractive nearby countryside for a city where each residential unit 

was built to encorporate the concept of open space based on two 

principal elernents1 the "superblock" with entrant cul-de-sacs for the 

car and continuous parkland as the backbone of the layout and settings 

for pedestrian routes. The houses faced the nature strip (the open 

space in front of the residential units between the street and the 

house) instead of directly facing the street. So it was with these 

concepts that Walter Burley Griffin (The Principal architect in the 

design of Canberra) went on to plan the city which is now Australia's 

National Capital, and whose planning concepts are largely propounded by 

a single body the National Capital Development Commission (NCDC) and 

9 



implemented by the Department of Territories and Local Government. The 

strategy was to build a capital city and still retain much of its 

natural setting. 

The scene that sets Canberra apart as a modern city is described by 

Walter Burley Griffin (quoted in Murphy 1979): 

"great garden and water vistas", a "concerted park or 

garden frontage for all the important structures", 

"closes, quadrangles, terraces, common gardens, 

irregular hill garden sub-divisions", and "the street 

area, if reduced to these roadways, is a desert, 

dangerous and unpleasant to traverse, so in a sunny 

country of stately open-branched, broad-leaf evergreen 

avenue trees, addition space is required for a final 

arboreal accomplishment of at least quadruple rows and 

supplementary shrubbery parkways for shade and shelter". 

It was with such plans in mind that a nursery for propagating seedlings 

for planting in the new capital was created quite early in the building 

of Canberra (Murphy 1979). To this day horticultural planting in 

public parks, open space and private gardens around the houses is an 

integral part of the development of the Australian National Capital. 

Utilizing a process which emphasises the laying down of service 

facilities such as water pipes, drainage channels and service roads 

before the commencement of house construction, this is a process which 

minimises soil erosion and ensures a quick growth of vegetation. 

The trees and shrubs that were first planted in the city were selected 

from many parts of the world. More recently, there has been a shift in 

emphasis to plant native Australian plant species. As a result of this 

plant diversity, the city's vegetation now provides shelter and food 

for a varied range of wildlife and especially birds, (Murphy 1979; 

Fraser 1981). 
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2.2.2 The suburban environment 

The suburban environment consists of the suburbs and the adjoining 

parks and gardens. Included in these are paved surfaces, buildings and 

other structures such as powerlines, bridges and drainage channels. 

Much of the paved surface is occupied by roads, car parks and walk 

ways. These are of little use as habitats for the animals that have 

taken to living in the suburban environment. However, other man-made 

structures such as tall buildings, power and telephone structures, 

bridges, hedges, parks and domestic gardens tend to be favoured by a 

varied range of birds as well as some species of native marsupials 

(Shorthouse 1979). Some of the animal species always have been 

associated with human settlements. For example, pigeons, sparrows, 

starlings, swallows, bats and mice are often found nesting and feeding 

on some of these components of the built environment. Native 

Australian species of birds usually have not been associated with human 

settlement. Nevertheless, the native species such as Eastern and 

Crimson Rosella, Pied Currawong, the Australian Magpie and smaller 

birds like the Pardalote and Willie Wagtail are often observed feeding 

in Canberra's suburbs. The presence of both exotic and native species 

of birds in Canberra in comparatively large numbers is due to the tree 

planting programme that has existed in Canberra for the past 70 years 

(Fraser 1981). 

In the suburban environment, it becomes very difficult to compare the 

vegetation patterns of the gardens and adjoining parks to the natural 

vegetation because of the intricate nature of the combination of 

streets, paved surfaces and buildings, which also have to be considered 

when mapping these vegetation patterns. In Canberra, the City Park 

Authority and Edward (1979) listed the species of trees planted along 

the streets in all residential areas. There is a marked difference in 

the species composition of the trees and shrubs planted in old compared 

to new suburbs. The older suburbs are dominated by exotic trees and 

shrubs; these were more popular at the time when these areas were being 
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built. The proportion of exotic trees and shrubs to that of the 

indigenous vegetation gets smaller as the suburbs get younger in both 

the house garden and the street vegetation. A similar trend also occurs 

in the parks. This particular trend reflects a change in Australian 

attitudes towards a greater appreciation of the native flora. 

2.2.3 Characteristic features of suburban sites 

There were 61 sampling plots, of which 53 were within the built up 

areas, that included six sites on public parks, schools and college 

grounds. In order to compare the results with undisturbed semi-natural 

areas, the remaining study sites were located on open forest/woodland 

source areas which were areas mostly set aside as part of the city's 

nature park. Only one site was located in grassland where patches of 

native Stipa and Danthonia occurred. In designing the survey, attempts 

were made to develop a ma tr ix of sites based on ( a) age of suburban 

development (b) distance from open forest/woodland source areas (Table 

3.1). The location of the study sites in relation to other suburbs are 

shown in Figure 2.2. 

2.2.3.1 Ainslie/Turner 

Built in the early 1940's, these suburban areas had the most 

established vegetation. Like most earlier suburbs the vegetation was 

predominantly exotic; few of the streets were lined with native 

vegetation. The trees were much older and much higher than the rest of 

the suburban areas studied. Figure 2.3 illustrates a typical street of 

this area. Unlike the newer suburbs, the roads were wider and the 

houses were set further apart and set further away from the street. 

The whole area occurred in between two open forest/woodland areas and 

was therefore accessible to birds from two adjacent source areas. Nine 

street transects were delineated in this area. 
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2.2.3.2 Hackett 

Hackett is about 20 years old and represents the peak of exotic 

planting in Canberra. Here the majority of streets were planted with 

exotic trees, mostly of North American and European stock. The few 

native trees that are still growing are remnants of the original 

vegetation (see Figure 2.4). The vegetation was therefore a mixture of 

exotic and native plant species with shrubby characteristics. Hackett 

also was built next to an open forest/woodland source area. 

2.2.3.3 Aranda and Melba 

Aranda is a suburb that is 12 years old. It has the densest vegetation 

cover of native trees and shrubs amongst all the suburbs studied. The 

vegetation is largely composed of native species of the original stock 

that existed before the area was subjected to development. The 

vegetation along the streets and in the gardens is of similar stock to 

the adjacent open forest/woodland source area {Black Mountain reserve, 

Figure 2,5 ), Ten plots were established in Aranda. A further two 

plots were established in Melba, another 12 year-old suburb, at a 

distance of more that 1.5 km from a source area (Table 3.1 ). Figure 2.6 

shows the appearance of the vegetation in these 12-year old suburbs. 

2.2.3.4 Cook-Aranda and Kaleen 

These are suburbs in the age class of five years. All construction had 

stopped, but the planting of trees and shrubs was continuing and lawns 

were just beginning to stabilize. The establishment of houses for the 

Cook-Aranda cluster housing development was slightly different from 

most suburbs in that there was no street in between the lines of 

houses. Instead, there was a mid-strip of vegetation and lawn 

traversed by footpaths. The absence of streets in between the lines of 

houses, meant that there was less disturbance from vehicular traffic. 

Here the vegetation of trees and shrubs was entirely composed of native 

species {Figure 2.7). 
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FIGURE 2.3 Suburban street site of >30 years, Ainslie, 

FIGURE 2.4 Suburban street site of 20 years, Phillip Avenue, Downer. 
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FIGURE 2.5 Open-forest vegetation of the Black Mountain open-

forest/woodland source area, Bruce Ridge. 

FIGURE 2.6 Suburban street site of 12 years, Aranda. 
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FIGURE 2.7 

FIGURE 2.8 

Evatt. 

Suburban street site of 5 years, Greenough Circut, Kaleen. 

Suburban street site of 2 years, Fitzhardinge Crescent , 

16 



2.2.3.5 South Bruce 

This is a suburb which was still undergoing development at the time of 

the study. A few houses had already been completed and a few were 

still under construction. This was one of the newest suburbs of less 

that two years old. Although planting of vegetation along the streets 

had hardly started, many original native trees had been l eft 

undisturbed to provide shade for the houses. It was the newest suburb 

closest to a source area. The setting up of study plots in this area 

meant that the effect of new development on bird species distribution 

could easily be tested as this new suburb was adjacent to a source 

area. To test the effect of distance on birds in the new suburbs other 

transects were laid in south-west Evatt and Cook, where development was 

at a similar stage. Figure 2.8 shows the vegetation of these new 

areas. 

2.2.3.6 Northbourne Avenue and Moore Street 

Northbourne Avenue is a very busy commercial street with a high density 

of traffic flow and human activity. Moore Street, not far from 

Northbourne Avenue, is a residential street and comparatively quieter 

with a lower human activity. The vegetation on Moore Street is 

entirely exotic species and that of Northbourne Avenue is composed of 

native species with a few exotics. There was also a difference in the 

type of buildings. Those of Northbourne Avenue were multistorey and 

typical of office blocks, compared to the suburban houses of Moore 

Street. These sites were typical of >30 year-old suburbs described 

earlier. 

2,2.3, 7 Botanical Gardens 

The National Botanical Gardens are set up on the lower slopes of Black 

Mountain. They formed a significant suburban habitat for birds because 

they are planted with trees and shrubs from all over Australia, and at 

any one time different trees and shrubs from different parts of the 

nation are in flower. Al though the sites are a managed environment 

they were designated for the purpose of this study as sites of natural 

vegetation of the open-forest and woodland type because the vegetation 
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of the gardens compared well with that of the open forest/woodland 

source areas. 

2. 2. 3.8 Public Parks 

A site in Corroboree Park was selected to represent a very tall stand 

of Eucalyptus trees with an understorey of mostly native shrubs. The 

age of the trees was estimated at 50 years. The plot at Haig Park was 

of similar age but has a stand of very tall pine trees with littl e 

native shrub understorey. Both plots were equal distances from source 

habitats. 

2.2,3.9 School and College Sites 

There were two School sites (one 20 years old and the other 5 years 

old) selected for this study. The site at Macquarie school had a 

mature stand of Eucalyp tus trees, while the site at Evatt primary 

school was a very new one with har.dly any trees and shrubs planted. 

The few shrubs were all native species and five years old. The two 

College sites, like the Primary school sites, were located at an equal 

distance from source areas. The 12-year old vegetation at the Canberra 

College of Advanced Education was denser than that at the Technical and 

Further Education College at Belconnen. 

2.2.4 Native Vegetation Sites 

Pryor (1955, 1962) classified the native vegetation of the area into 

three categories, namely: grassland, open or savannah woodland and 

open-forest. Both Pryor (1955) and Pook and Moore (1966) divided the 

forest vegetation into wet and dry sclerophyll forests and said that 

going further up the ranges the wet sclerophyll forest is replaced by 

subalpine vegetation. In both woodland and open-forest, Eucalyptus 

emerged as the most prominent genus and occupied most of the land above 

600 rn; below which grassland dominated, According to Pryor ( 1955), 

grasslands were the result of frost hollows occurring on valley 

bottoms, and the overall zonation of the natural vegetation in the ACT 

was more determined by altitude than soil type. Using the Specht 

(1974) classification, Shorthouse (1979) recognised 17 vegetation 
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alliances within the ACT as portrayed by their structural formations 

and the plant species present. Some of these are described below and 

are shown in Figures 2.5 and 2.9. It is considered that these 

vegetation types are important as source areas for bird species 

occurring in the suburban study area. 

2,2,4. 1 Grassland Sites 

The native grasslands of the ACT were comprised of summer growing 

perennials dominated by Spear grass (Stipa aristiglumis), Kangaroo 

grass (Themeda australis), and Tussock grass (Paa caespitosa). Most of 

these grasslands have been modified by agricultural and urban 

developments. The major agricultural modifications have been grazing 

by domestic stock and pasture improvement. Most of the area that was 

once occupied by these grasslands is now residential area. Even in the 

face of these developmental pressures some relatively undisturbed 

grasslands around Canberra still occur (Chan et al 1974; Shorthouse 

1979 ), Most of the area that is still grassland is dominated by sown 

pasture such as Trifolium subterraneum, Only one plot was placed in 

this vegetation type, 

2,2,4,2 Open-forest and woodland sites 

The Specht (1974) terminology of open-forest and woodland are used 

interchangeably with the earlier terminology of dry sclerophyll forest 

and savanna woodland, respectively, The latter terms were used by 

Pryor ( 1955) and Pook and Moore, ( 1966} to describe the vegetation of 

the ACT. Shorthouse (1979) used the same terminology in his map of 

vegetation (Fig, 2,10), Five of the study sites were located in open

forest and woodland formations and are referred to as sites of "open

forest/woodland source areas" or simply "source areas". In this study 

these source areas are often designated nature reserves and are 

relatively undisturbed. 
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FIGURE 2.9 Open-forest vegetation of the Mount Ainslie open-

forest/woodland source area. 

Woodland vegetation also has been described by Haydon ( 1971) as the 

type where the distance between tree crowns is equal to or greater than 

the crown diameter and with a grass understory (Fig. 2.11). In the ACT, 

the major woodland tree species are Eucalyptus melliodora and 

Eucalyptus blakelyi and there is a poor understorey because of 

extensive grazing by domestic stock now and in the past (Shorthouse 

1979). 

The dry sclerophyll forests or open-forests are characterised by the 

three structural layers; forest canopy, tall shrubs and short shrubs. 

The tall shrubs rarely form a continuous layer. The ground stratum on 

the other hand is almost entirely absent. The major tree species are 

Eucalyptus macrorhyncha, E, rossii, and ~ p oly anthemos. This 

vegetation type was represented in the study area and occurs on the low 

hills of Canberra as shown in Figures 2.5, 2.9 and 2.11, most of which 

are now designated nature reserves (Shorthouse 1979). 
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FIGURE 2.11 Woodland vegetation of the Gungahlin open-forest/woodland 

source area. 

Pine Plantations 

Pine plantations now are a characteristic feature of the ACT's 

landscape. The original argument for establishing pine plantations in 

the Territory was to check erosion, which had resulted from 

overclearing of native trees for pasture, overstocking and rabbit 

infestations. On the other hand, the pine plantation around the Cotter 

was established to provide water catchment protection and to enhance 

the visual appeal of the landscape. With the passing of time, the 

commercial value of these forests became more evident and therefore 

planting was extended to attain a size and composition which was 

capable of sustaining a forestry industry. Davidson (1976) studied the 

bird populations in the ACT pine plantations and found that pine 

forests had a lower number of bird species and bird density as compared 

to forests with native vegetation. 
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2.3 BIRD MOVDENTS lsls'J:WEDI SOURCE AREAS AND 'l'HE SUBURBAN DJV.IRORIIENT 

The study area falls within the zoogeographical subregion known as the 

Bassian region (Frith 1973). There are two other subregions, namely; 

the Torresian in the north which is tropical and, most of the inland 

dry area, the Eyrean subregion. The location of the ACT a few 

kilometres west of the Great Dividing Range means that avifauna 

representative of the Eyrean and Torresian subregions also occur in the 

area. This is because, as Frith (1973) pointed out, the boundaries 

between the various subregions are continuously shifting. Ratcliffe 

and Calaby (1955) gave an example of some groups of bird species 

present in the ACT that represented each of the zoogeographic 

subregions. 

Nix ( 1978) has indicated that seasonal bird migrations and breeding 

patterns are more likely triggered off by temperature variations 

between the seasons. It was also stated by Nix (1978) that, except for 

a few winter breeders, most birds in this area breed in spring and he 

argued that the breeding peak was a function of the degree of winter 

severity. Although the same could be said about the significance of 

rainfall on these patterns, it probably does not influence them to the 

same degree as that achieved by variations in temperature. It has 

already been demonstrated that rainfall in the ACT is comparatively 

uniformally distributed throughout the year, it would therefore be 

unlikely that the reported seasonal migrations would be rainfall 

induced. The ACT is well supplied with water, by the dams and 

reservoirs built on some rivers flowing through the region. It is 

therefore possible in drought years that some birds are attracted to 

the region because of the abundant water supply. Ratcliffe and Calaby 

( 1955) explained the presence of the Crested Pigeon in Canberra during 

1913 as being due to drought conditions prevailing further to the west. 

Another type of migration that has been recorded in the ACT is the 

altitudinal migration reported by Lamm and Calaby (1950). Altitudinal 

partial migrants live in summer at higher elevations but spend winter 

in lowland areas. The Scarlet and Flame Robins, Yellow Robin and Grey 

Shrike-thrush were considered to be such migrants. The OCT (1975) 

reported this trend to be followed by the Pied Currawong, Gang-gang 
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Cockatoo, Golden Whistler and the Yellow-faced Honeyeater. 

Water courses of the ACT not only provide suitable habitats for aquatic 

birds of which many have been recorded (Davey 1981), but the vegetation 

along the banks which has been left undisturbed provide corridors 

through which many terrestrial birds move from one nature reserve to 

the next (Shorthouse 1979). Because birds rely on plants for food and 

shelter, their migration patterns in the ACT are also related to plant 

flowering and growth cycles which in turn are related to seasonal and 

climatic patterns. This particular trend was found to be significant 

for most Australian birds by a study carried out by Nix ( 1978 ). The 

analysis performed in that study indicated that breeding and seasonal 

movements by birds were closely coupled to seasonal pulses in plant 

growth as simulated by growth index values. It is also very likely 

that the vegetation planted in gardens and parks within the residential 

areas has a similar influence on some bird species. OCT ( 1974) when 

referring to the increased numbers of birds occurring in the National 

Botanical Gardens stated: 

"The introduction over many years of native plants not 

indigenous to Canberra encouraged migratory birds from 

other parts to stay over winter instead of passing 

through, and now the bird population is greater in 

numbers of individuals and variety of species than ever 

before". 

This trend could be true for those areas that have been planted wi th a 

variety of native vegetation but the same cannot be said of areas that 

have been cleared and planted with exotic vegetation such as p i ne 

plantations. In a study carried out by Davidson ( 1976) it was found 

that pine plantations had fewer bird species compared to undisturbed 

vegetation stands. The reduction in the number of species in the pine 

plantations was attributed to the lack of structural diversity and also 

because such forests are managed for timber extraction and not for 

enhancing wildlife. 
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CBAP.rKR 3 

GENE:RAL METHODS 

3. 1 Il!ITRODUC'.rIOlll 'l'O BIRD CENSUS ME'l'IIODS 

The techniques used in censusing birds in suburban and urban areas are 

modifications of those used in censusing birds in the wild. Svensson 

(1979) made a comparison of these methods and showed how each one could 

be applied and in which situation. Savard (1978} working in the 

metropolitan area of Toronto showed how some of these transect and 

mapping methods could be used in a suburban situation. The point made 

in his work was that bird censuses are designed to be either 

quantitative or qualitative. Svensson (1979) described qualitative 

methods as those used in atlasing work and quantitative ones as those 

used in estimating absolute and/or relative abundance. Those methods 

that give estimates of the true density of birds in a given area give 

absolute abundance and use techniques such as mapping methods, transect 

census methods (as in point and strip counts), search methods ( as in 

quadrat and other standardised area counts) and mark recapture counts. 

The mapping method which is based on the territorial behaviour of birds 

has not been extensively used in suburban areas but has been used in 

the wild as indicated by Williamson and Hornes (1964) and Svensson 

( 1981}. This method is extensively used in estimating the numbers of 

breeding males during the breeding season and it provides density 

estimates as shading on a map to indicate the number of territorial 

males present in an area surveyed (Savard 1978 }. Slagsvold (in Savard 

1978) showed that the accuracy of the mapping method is entirely 

dependent on the time of the season for assessing the size of the male 

population of the birds studied, and may not be valid for urban 

situations where the birds tend to be predominantly non-territorial and 

semi-colonial. 
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The complete count method is a search method which has been 

successfully used in urban habitats (Weber and Theberge 1977). Its 

success depends on the conspicuousness of birds, the type of habitat 

and, like other methods, the results are greatly affected by weather, 

time of day and season. This method is further hampered if the 

observer is not able to go into the backyards of private homes. 

The transect method used in this study has been used for bird coWlts in 

urban and suburban areas. The technique is usually used for 

determining relative abundance of birds but could also be used for true 

density estimates (Jarvinen 1978). The advantage of the method is that 

it can be used to cover larger areas with a relatively small amount of 

effort and was found by Emlen ( 1971) to be more efficient than other 

methods. Huhtalo and Jarvinen (1977) used the method in suburban bird 

studies in Finland. 

The same technique was used by Savard (1978) in metropolitan Toronto, 

Vale and Vale (1976) in west central California and work by Thomas et 

al. (1977). Lancaster and Rees (1979) and Siegfried (1968) confirmed 

the suitability of this method for bird censusing in urban and suburban 

environments. In Australian studies of urban and suburban birds, this 

method has been used successfully by Jones (1981, 1983) and Stein 

(1982). Nevertheless, like other methods the transect method has 

certain limitations associated with observer experience, acuity, 

alertness and speed of advance, weather and time of day, the screening 

effect of the habitat and the conspicousness of the birds in terms of 

their size, calls, colour and activity (Connor and Dickson 1982). 

The strip census method (Savard 1978) has been used in other suburban 

environments to census birds for relative abundance. For example Geis 

(1974) used a modification of the method by dividing the transect into 

small sub-units of 100 m and used the search method by counting all 

birds seen during a four minute period. Other workers have used the 

method in combination with point counts to determine associations 

between bird species and habitat features (De Graaf and Thomas 1976}. 

These techniques were used to determine bird density and species 

richness which were related to different habitat attributes, The 

methods were advantageous in that they allowed the sampling of several 
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areas in a relatively short time, thus permitting the replication of 

results. All methods have their advantages and disadvantages and while 

some provide good estimates for some species, they could be inadequate 

for others, and for this reason Emlen ( 19 74) recommended the use of 

several techniques to obtain reliable estimates of birds in the built 

environment. 

3.2 CENSUS ME'.rBOD USED 1B THE STUDY 

In the present study the strip transect method in combination with 

point counts were used to record the number of bird species and their 

abundance, from which species richness and density were calculated and 

related to suburb age, suburban habitat attributes and distance from 

source areas. 

Each site consisted of a transect 400 m long and 25 m wide (i.e. 1 ha), 

all on one side of the street. The strip width was measured from the 

middle of the road to the front of the houses, except where the house 

was too close to the street. When this occurred a part of the house was 

included into the transect. Figure 3.1 illustrates the cross section of 

a typical transect. 

The selection of the walking strip count in combination with the point 

count method was most suitable for the Canberra suburban study area 

where observer access was limited to the nature strips and front 

gardens of houses. It has been suggested by Szaro and Balda (1982) 

that for the strip count method to be adequate it has to be one km 

long or longer. It was not possible to demarcate one km long transects 

with near homogenous vegetation conditions in suburban Canberra. 

Therefore, the transects were made 400 m long on streets with near 

homogeneous vegetation. The point counts were introduced in addition to 

the walking counts so as to increase sampling efficiency as recommended 

by (Szaro and Balda 1982 and Morgan and Gates 1982). 

Birds were censused by walking along the 400 m x 25 m wide strip 

transect and recording all the species and numbers of birds observed 

within the strip width. Care was taken not to record birds more than 
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once. Each site was censused once every month from June 1982 to May 

1983. The census procedure alternated between point counts and 

walking counts by employing point counts every five minutes along the 

transect. Birds observed for every five minutes were entered on a 

cumulative frequency curve which was used to determine the sampling 

time for a transect. Sampling was not stopped until the cumulative 

species curve plotted against time reached an asymptote. At this point 

all species likely to be observed were considered recorded. 

Each transect took an average time of 35-45 minutes. An asymptote was 

reached much earlier for sites in young suburbs of below five years 

old. All counts were carried out in the morning, during the period 

three hours after sunrise. On average, four transects could be censused 

each day. Counts were not undertaken while it was raining or if the 

wind was greater than a light breeze owing to the impaired visibility 

and reduced activity of the birds. 

The species richness on a site was taken as the cumulative number of 

bird species recorded on a site during the course of the study. Also 

this was referred to as the "total number of species". The "mean total 

number of species" was used for a group of sites of the same age ( in 

years) or the same distance (in km) from a source area. 

The number of bird species recorded on a site each month was 

considered as monthly species richness, and when averaged for a group 

of sites of the same age (in years) or the same distance (in km) from a 

source area was called the monthly mean number of species for the age 

group or distance class, Similarly, bird density was calculated 

following this procedure where monthly mean density was the number of 

individual birds recorded per ha for 12 months averaged for a group of 

sites of a similar age and the same distance from source areas. 
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3.3 Sl!CLBC'l'IOR OF SAMPLDIG SITES 

The sampling sites were selected using colour aerial photographs 

showing street and garden vegetation. The transects were demarcated on 

maps from the Department of Territories and Local Government. The 

aerial photographs helped with the selection of study sites from 

suburbs of known age and with relatively homogenous vegetation. The 

areas selected included five age classes ranging from 1-2 years to> 30 

years (Table 3.1). The age of the suburbs was derived from records 

kept at the Department of Territories and Local Government and from 

Lyne (1978). The study sites were located at specific distances from 

source areas which were measured from the ACT Detail Series Maps based 

on large scale (1:2,500) aerial photographs. 

There were six distance classes for each age group which ranged from 0 

km to 1.5 km. The distance of each site was measured from the closest 

open- forest/woodland source area. A matrix table was used to determine 

the best way for transects to be distributed in the suburbs (Table 

3.1). Each study site selected had to meet the suburb age and distance 

criteria as indicated by the matrix table. Except for study sites 

located in open-forest/woodland source areas or public parks, schools 

and colleges, all the study sites were located along suburban streets. 

In order to study relationships between the proportion of native 

vegetation and the number of birds species and bird density, it was 

initially planned to choose a pair of sites at each distance and age 

group, one with native vegetation and the other with exotic vegetation. 

Unfortunately, a pair of such sites could not be located in the younger 

suburbs up to 12 years because native vegetation predominated in these 

suburbs. 

Of the ten 20 year old sites, sites 38, 41, 42 and 45 were 

predominantly of exotic vegetation. Of the thirteen >30 year old 

sites, sites 48, 49, 50, 51, 54, 56 and SB were predominantly of exotic 

vegetation. The remainder of the sites were all predominantly native. 

A full description of the main habitat features of the suburbs included 

in the study was provided in Chapter 2. 
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TABLE 3.1 Suburban site location matrix showing their age and distance 

from open forest/woodland source areas. The numerals are their code 

numbers(see Fig.2.2) their detailed locations are given in Appendix I. 

Age of suburb on site 

in years 

< 2 years 

5 years 

12 years 

20 years 

>30 years 

Q.05 

Ebuth Bruce 

2 

Cook 

11 

Aranda 

23 

Hackett 

37 

Ainslie 

46 

30 

0.18 

Ebuth:Broce 

3, 4 

Cook 

12 

Aranda 

24, 25 

Hackett 

38, 39 

Ainslie 

47, 48 

Dist.ance fran souroe areas in km 

0.38 

COOk 

5 

Cook 

13, 14 

Aranda 

26, 27 

Q.75 

Cbak 

6, 7 

Kaleen 

15, 16 

Beloonnei. TAFE 

22 

Aranda 

28, 29 

canberra CAE 

21 

Hackett Hackett 

40, 41 42, 43 

Ainslie Ainslie 

49, 50 51, 52, 55 

Bradoon 

56 

1.5 

Evatt 

8, 9 

Kaleen 

17, 18 

Evatt 

19 

M:lcquarie 

30, 31, 

Melba 

32, 33 

ra.rner 

44, 45 

Macquarie 

34 

'I\.lrner 

53, 54 

57, 58 



Sites numbered 1, 10, 20, 59 and 35 were all sites in open

forest/woodland source areas, sites 60 and 61 were the botanical garden 

sites and site 62 was in the adjacent grassland area. There were 62 

site numbers but because there was no site number 36 there were all 

together 61 sites of which 53 are included in Table 3.1. 

3.4 IIDSORBIIElllT OF VEGETATION A"l"l'RIBU'lES 

The measurement of vegetation attributes in order to describe the 

suburban habitats for birds was an important aspect of the study. 

Previous studies have shown that the selection of the vegetation 

attributes to be measured primarily depends on the objectives of the 

study (MacArthur and MacArthur 1961, Emlen 1967 and Karr 1981). Very 

little work has been done on the development of methods for the 

studying of vegetation as a wildlife habitat in suburban situations 

(Thomas et al. 1977). The few studies that have been executed in 

suburban and urban environments concerning vegetation as habitat for 

birds, have utilised methods developed by MacArthur and MacArthur 

(1961), MacArthur et al. (1962) and James and Shugart (1970). These 

methods were based on the concept that bird species richness and 

foliage diversity were linearly related. Yet later methods by Karr and 

Roth (1971), Tarnoff (1974), Willson (1974), Karr (1981) and James and 

Wanner (1982), favoured multivariate methods which take into account 

the covariance pattern of the structure of the vegetation with species 

richness, density and the census area. Even then, many studies of this 

kind still base their vegetation attributes on species composition and 

life forms of the vegetation. 

Vegetation in the built environment often occurs in a mann~r which is 

unique to this situation and, therefore, the study of species 

composition of the vegetation cannot set a pattern upon which habitats 

can be judged, Because of this, many studies carried out in urban and 

suburban environments have based their vegetation components on canopy 

cover, number of stems per ha, foliage cover, and vegetation volume of 

the various strata (Guthrie 1974, De Graaf and Thomas 1976, Vale and 

Vale 1976, Thomas et al 1977 and Lancaster and Reed 1979). In addition 

to all these vegetation components, Vale and Vale (1976) included the 

heights of the tallest trees. Savard (1978), working in suburban 
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Toronto, used a similar method to evaluate the vegetation structure and 

its relation to birds in a suburban area by classifying trees and 

shrubs as geometrical forms, to enable the calculation of vegetation 

volume at different heights. 

The measurement of habitat attributes for the present study followed 

that of Emlen (1967, 1974), Vale and Vale (1976), and Lancaster and 

Rees (1979). In the recent Australian studies of Jones (1981, 1983) 

and Stein (1982) these methods were used also. Apart from being a 

suitable method for assessing the vegetation in a suburban situation, 

similar techniques have been used to assess vegetation as a habitat for 

birds in native vegetation in Australia by Recher (1969, 1976) and 

Kitchener et al. ( 1982). 

In this study, rather than a random selection of the house blocks along 

the transect, a systematic sampling procedure was followed. Every 

second house block was sampled for percentage vegetation cover by 

height classes, percentage ground cover occupied by pavement, lawn, and 

other ground cover attributes as outlined by Thomas et al. (1977). 

Thus, each 400 x 25 rn transect was sampled for these habitat attributes 

(Fig. 3.1 ). Table 5.1 shows the specific habitat attributes selected 

for measurement. 
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FIGURE 3.1 A cross section of a typical transect. 
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CBAPrER 4 

THE RELATIONSHIP BB'l.'WEBR BIRD SPECIES RICBHESS, DENSITY AlllD THE AGE OF 

THE SUBURBS. 

4. 1 Dl'.lRODUCTIOII 

The results of the suburban ~ird studies in Australia (Jones 1981, 1983 

and Stein 1982), in Europe (Walcott 1964, Tomialojc 1970 and Hohtola 

1977) and in North America (Emlen 1974, Vale and V-ale 1976, De Graaf 

1978 and Lancaster et al 1979) show that suburb age is an important 

correlate of bird species richness and bird density in urban and 

suburban environments. Therefore an initial part of this study was to 

test the hypothesis that the number of bird species and their density 

in the study area were correlated with suburb age. 

It was not possible to study the aging process of a representative 

number of suburbs directly following their establishment owing to the 

length of time required for such a study. The alternative approach was 

used whereby bird census sampling sites were chosen within existing 

suburbs with a range in age from 1-2 years to >30 years. The 

coordinated development of Canberra's suburbs by a single planning 

authority (see 2.2.1) enabled the age of each sampling plot to be 

determined to within six months of its establishment, 

4.2 ME"J'.'BODS ARD ANALYSIS 

Of the 61 bird census sampling sites 47 were located on suburban 

streets, 6 sites on parks and educational institutions, 6 sites on 

source areas of open-forest/woodland vegetation and 1 site in a 

grassland area. For the 20 and > 30 year old suburbs, it was possible 

to choose sites with plantings of native and exotic vegetation of the 

same age. 

The age of a suburb was determined using construction records obtained 

from the Department of Terri tori es and Local Government Lyne ( 1978). 

The time interval from the cessation of construction at a site to June 

1983 was determined in years. 

34 



Plots of mean total number of species, mean monthly number of species 

and bird density against the age of the sites and correlation analysis 

were used to examine the nature of the relationships between the number 

of bird species and individuals censused at each of the sampling sites 

and their age. The age of sites in the botanical gardens, in open

forest/woodland source areas and in the grassland area could not be 

determined and were separated from street, school, college and park 

sites of known age. 

4.3 RESULTS 

Figure 4.1 shows that the mean total number of species on the sites 

with predominantly native vegetation markedly increased from 1-2 year 

old sites up to 12 years and subsequently show asymptotic trends that 

remained the same on the 20 and > 30 year old sites. For each of the 

paired sites censused in the 20 and> 30 year old suburbs with 

predominantly exotic vegetation, a much lower number of species 

occurred when compared to those with native vegetation. Similar trends 

were shown in Figure 4.2 for the mean monthly number of bird species. 

Figure 4.3 shows the relationship between the mean monthly density of 

birds and the age of suburban sites. Once again a marked increase in 

the density of birds occurred up to 12 years but, subsequently, 

continued to increase except for the sites with predominantly exotic 

vegetation. 

A total of 99 bird species were recorded during the year long study 

(Appendix II). These species were placed into four broad habitat 

preference groups: namely, open- forest, woodland, grassland and exotic 

species. Appendix III shows the habitat preference groups for all of 

the species. Thirty species fit into more than one habitat group. 

Table 4.1 shows the relative percentages of these species groups. 

The mean total number of species and the mean monthly density of birds 

for each species group are shown in Table 4.2 in relation to the five 

suburb age classes, It is evident that the number of species within 

each habitat grouping increases with age up to 12 years. For older 

suburbs, the numbers of open forest and woodland species decreased 
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while the numbers of exotic and grassland species remained largely 

unchanged. The monthly mean density of each species group increased 

with age up to 20 years, except for grassland species, but thereafter a 

slight decrease occurred. 

TABLE 4.1 Relative percentages of the four broad habitat species 

groups for both number of species and number of individuals in the 

suburban sites. 

-----------------------------------------------------------------------
All Open forest woodland Grassland Exotic 

species species species species species 

-----------------------------------------------------------------------
Total number 

of species 69 43 35 11 6 

Rel % 100 62 51 16 9 

Total 

abundance 38138 17389 18306 9535 14492 

Rel % 100 46 48 25 38 

-----------------------------------------------------------------------
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FIGURE 4.1 Relationship between the mean total number of bird species 

censused from June 1982 to May 1983 and the age of suburban sites. 

Sites with native vegetation (a) and exotic vegetation (b) are shown 

for the 20 and 30 year old sites. Means + standard errors are also 

shown. 
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censused from June 1982 to May 1983 and the age of suburban sites. 

Sites with native vegetation (a) and exotic vegetation (b) are shown 

for the 20 and 30 year old sites. Means+ standard errors are also 

shown. 
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FIGURE 4.3 Relationship between monthly mean density of birds censused 

from June 1982 to May 1983 and the age of the suburban sites. Sites 

with native vegetation (a) and exotic vegetation (b) are shown for the 

20 and 30 year old sites. Means+ standard errors are also sh~wn. 
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TABLE 4.2 The mean number of species and the mean monthly density of 

each of the four habitat preference groups recorded from June 1982 to 

May 1983 in suburbs ranging in age from 1-2 years to > 30 years, The 

numbers of sampling sites within the suburban age classes were 

8, 10, 13, 9, and 13, respectively. Standard errors are also shown. 

MEAN NUMBER OF SPECIES 

------------------------------------------------------------------------
Bird species 

habitat preference 

group 1-2 

Age of suburban sites in years 

5 12 20 >30 

Open-forest/ 

woodland 

source areas 

-----------------------------------------------------------------------
Open-forest 5±3.0 

-----------------------------------------------------------------------
Woodland 5±1. 8 

-----------------------------------------------------------------------
Grassland s±o.2 

-----------------------------------------------------------------------
Exotics 

-----------------------------------------------------------------------
MONTHLY MEAN DENSITY OF BIRDS 

-----------------------------------------------------------------------
+ Open-forest 10-4.0 

-----------------------------------------------------------------------
Woodland 

-----------------------------------------------------------------------
Grassland 

-----------------------------------------------------------------------
Exotics 

-----------------------------------------------------------------------
Table 4.3 shows the total and mean monthly numbers of species and the 

monthly mean density of birds for sites on the public parks and the 

educational institutions in relation to their age. The highest number 

of species was recorded on 12 year old sites, The same trend was 

observed for the monthly mean number of species although a similar mean 

number was observed for 20 and 30 year old sites. However, the monthly 

mean density of birds continued to increase up to 20 year old sites 

with a slight decrease for >30 year old sites. 
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TABLE 4.3 The total and monthly mean numbers of species and the 

monthly mean density of birds recorded for the public parks and 

the educational institutions with respect to the age of suburbs in 

which they occurred. Standard errors are also shown. 

-----------------------------------------------------------------------
Name of 

sites 

Evatt Belconnen Town Canberra 

Primary Centre, TAFE CAE 

School College 

Macquarie 

Primary 

School 

Corroboree 

and Haig 

Parks 

-----------------------------------------------------------------------
Age of 

sites (Yrs) 1-2 5 12 20 >30 

-----------------------------------------------------------------------
Total number 

of species 11 20 43 28 32 

-----------------------------------------------------------------------
Monthly mean 

number of 

species 

-----------------------------------------------------------------------
Monthly mean 

density 32±a 95±10 100±11 

-----------------------------------------------------------------------

Table 4,4 compares the bird census data for paired native and exotic 

sampling sites in the 20 and >30 year age classes of suburbs. The 

numbers of open forest and woodland species were greatest on the native 

vegetation sites whereas there were no differences between the numbers 

of grassland and exotic species on native and exotic vegetation sites. 

The density of open forest and woodland birds was greatest on the 

native vegetation sites while for grassland species there was little 

difference. On the other hand, the density of exotic birds was 

greatest on the exotic vegetation sites. 
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A comparison of the species richness, monthly mean number of species 

and their density for the >30 year old public parks (Corroboree park 

with its predominance of native vegetation) again showed that sites of 

native vegetation were favoured by birds. For Corroboree park, the 

mean total number of species, monthly mean number of species and bird 

density were 39, 15 and 133, respectively. For Haig park, the 

corresponding figures were 26, 10 and 54, respectively, and they all 

were higher for Corroboree park which was dominated by native 

vegetation compared to Haig park which was dominated with exotic 

vegetation. 
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TABLE 4.4 The mean number of species and monthly mean density of the 

FOUR habitat preference groups for the 20 and >30 year old suburbs 

with respect to native and exotic vegetation sites, Standard errors 

are shown, 

-----------------------------------------------------------------------
Age of Sites 20 Years >30 Years 

-----------------------------------------------------------------------
Vegetation 

Type 

Native 

Vegetation 

Site 

Exotic 

Vegetation 

Site 

Native 

Vegetation 

Site 

Exotic 

Vegetation 

Site 

-----------------------------------------------------------------------

Open-forest 

species 

Woodland 

species 

Grassland 

species 4±1 

Exotic species 4±1 

Mean Species Number 

s±o.J 

-----------------------------------------------------------------------
MONTHLY MEAN BIRD DENSITY 

-----------------------------------------------------------------------
Open-forest 

speci es 

Woodland 

species 

Grassland 

species 

Exotic species 29±3 

-----------------------------------------------------------------------
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The correlation coefficients obtained from the correlation analysis for 

each of the habitat preference groups are shown in Table 4.5. Species 

richness of all the habitat preference groups along with their monthly 

mean density were positively correlated with the age of the suburban 

sites. In addition to the results shown in Table 4.5, there was a 

significant positive correlation between the monthly mean number of 

species and the age of the sites (r=0.60; P<0.05). Similarly, there was 

also a significant positive correlation between the monthly mean 

density of all species and the age of the sites (r=0.66; P<0.01 ). 

TABLE 4.5 Correlation coefficient (r) between bird species richness 

(Y 1 ) and density (Y 2 ) for each habitat preference group and the age 

of the suburban sites (X). 

Habitat preference 

groups 

(*P<0.05, **P<0.01, df=51) 

Correlation Coefficients 

-----------------------------------------------
Species Richness (Y 1 ) 

-----------------------------------------------------------------------
Open-forest 0.32* 0.49** 

-----------------------------------------------------------------------
Woodland 0.23 0.36** 

-----------------------------------------------------------------------
Grassland 0.31* 0.17 

-----------------------------------------------------------------------
Exotics 0.58** 0.36** 

-----------------------------------------------------------------------
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4.4 DIOCUSSION ARD CORCLUSIOHS 

The hypothesis that the number of bird species and their density was 

correlated with suburb age is supported by the data shown in the 

Figures 4.1, 4.2 and 4.3. The mean total number of species increased 

from 16 species to 28 species for suburbs up to 12 years of age. 

Similarly the mean monthly number of species increased from 4 species 

to 10 species. Figure 4.3 shows that the mean monthly density of birds 

increased from 12 to 61 as the suburbs aged from 2 years to 12 years. 

Similarly the number of species and the density of individual birds of 

the four species groups in Table 4.2 and 4.3 indicate that they 

increased with the age of suburbs and is confirmed by the correlation 

cofficients in Table 4.5. 

In suburbs older than 12 years, the mean total number of species 

remained approximately the same or decreased (Figure 4.1). A similar 

trend is shown in Figure 4.2 for the monthly mean number of species 

except for the suburban sites where native species of plants 

predominated. At these sites there was an increase in species numbers 

up to 20 years. With respect to the density of birds in these older 

suburbs, it increased to 73 birds/ha at 20 year old sites and up to 85 

birds/ha at >30 year old sites which had native vegetation (Figure 

4.3), Sites of the same ages but with exotic vegetation contained a 

much lower density of 56 birds/ha and 51 birds/ha, respectively, as the 

density declined after peaking on 12 year old sites (Figure 4.3). 

Vale and Vale (1976) found that species richness increased with suburb 

age up to 17 years and suggested that the levelling off of the number 

of species was due to the vegetation of the older suburb reaching 

maturity. The vegetation cover in the younger suburbs increased 

rapidly owing to the high growth rates of juvenile shrubs and trees. 

Jones (1981, 1983) described a similar situation in the Australian 

suburban areas of Wagga Wagga and Townsville and Stein (1982) for 

Canberra. They found that the relationships between species numbers 

and age of suburb was greatest when suburbs older than 17 years were 

excluded in their regression analysis, 
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In the present study, dividing the total number of species censused 

into four broad habitat preference groups enabled a more detailed 

analysis of the effects of age on the suburban population of birds. 

Correlation analysis between the mean total numbers of each of the 

groups and their density with the age of suburban sites is shown in 

Table 4.5. All the correlation coefficients were positive and most 

were statistically significant. 

Open-forest species richness increased with suburb age up to 12 year 

old sites but showed a decrease on 20 and > 30 year old sites {Table 

4.2). However, if the species numbers were separated for sites with 

exotic vegetation and those with native vegetation (Table 4.4) the 

number of open-forest species observed for 20 and >30 year old sites 

with native vegetation did not decrease or increase further after 

peaking at 12 years. But, if 20 and >30 year old sites with exotic 

vegetation only were included numbers did show a substantial decrease. 

Stein (1982) attributed decreases in species numbers on sites with 

exotic vegetation to lower productivity by exotic vegetation for most 

of the native bird species. She therefore suggested that the reduced 

numbers of open-forest species on 20 and >30 year old sites with exotic 

vegetation were related to the lower ecological carrying capacity on 

these sites. The data from this study suggest that the number and 

density of open-forest species were positively related to the age of 

the suburban sites {Table 4.5). 

The relationship between woodland species and the age of all the 

suburban sites was similar to that shown for open-forest species (Table 

4.2 ). In addition, when species numbers from sites with exotic 

vegetation were separated from those with native vegetation at the 20 

and >30 year old sites, the number of woodland species continued to 

show an upward trend (Table 4.4). A similar situation was observed for 

bird density. For both species richness and density the numbers 

substantially decreased if the sites censused were composed of exotic 

vegetation. 

Grassland species richness remained largely unchanged for the new and 

the older suburbs (Table 4.2). The likely reason is that there were 

not many grassland species observed within the suburban sites. This is 
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a situation that has been typical of previous suburban bird studies. 

Jones (1981, 1983) and Tomialojc (1970) showed that grassland bird 

species are probably the most displaced when land is used for suburban 

development. The decrease in the number of grassland species is 

probably affected during the initial clearing as most such species are 

ground nesters (Emlen 1974). Al though grassland species comprised only 

a third of the species recorded, the density of grassland birds 

compared more favourably with that of the open-forest and woodland 

species (Table 4.2). A similar situation was shown for the density of 

exotic species (see below) and suggests that although there were 

comparatively fewer grassland and exotic species in the study area 

their densities were sufficiently high to have a significant influence 

on the biological resources of the suburban environment available to 

birds. As for open-forest and woodland species, there were higher 

densities of grassland species recorded on sites with native vegetation 

than on sites with exotic vegetation (Table 4.4). 

There were very few exotic species recorded during the study and 

therefore the relationship between exotic species numbers and the age 

of the suburban sites is not easily detectable, but the density of 

exotic species was positively related with the age of the sites up to 

20 years before it slightly declined at >30 year old sites (Table 

4.2). This decline in bird density at >30 year old sites could be a 

combination of low plant productivity as the vegetation matured and the 

low productivity attributed to exotic ornament plants which could have 

lowered the carrying capacity on the >30 year old sites (Jones 1981, 

1983). However, the relationship between the density of exotic species 

and the proportion of native vegetation was the inverse of density 

trends shown by the other three species groups because the density of 

exotic bird species was higher on 20 and >30 year old sites with exotic 

vegetation than on those with native vegetation (Table 4.4). It is 

difficult to explain such a reversal in species trends but in previous 

studies (Guthrie 1974, Weir 1977) it appeared as if exotic bird species 

were able to utilize sites with exotic vegetation to the exclusion of 

native bird species. 
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In conclusion this part of the study supports one of the major 

hypothesis that species richness (number of species) in the suburbs of 

Canberra is positively related to the age of the suburbs. It was also 

apparent that the low species richness and density recorded in new 

suburbs was due to the initial effects of suburban development and lack 

of suitable habitat. These fin dings were supportive of Stein ( 1982) 

and Jones ( 1981, 1983) who found that following suburban development 

only a few ground-feeding species such as the House Sparrow, Common 

Starling, Australian Magpie and the Australian Magpie lark were 

utilizing the new suburban areas. There was a rapid increase in the 

number of species and density within 12 years for species numbers and 

within 20 years for bird density but this was still not comparable to 

the species numbers and density registered for open-forest/woodland 

source areas. It was apparent that the increases in species numbers 

and bird density with suburb age were related to habitat changes. 

These are characterized by the growth of vegetation and increases in 

vegetation · cover and structural complexity as suburbs age. The 

relationships between suburb age and changes in habitat attributes are 

considered in Chapter 5 in order to help explain how birds are 

influenced by the age of a suburb more specifically. 
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CBAP'.rER 5 

CHAl!ilGB DI SUBURBAB HABITAT AT'l'RIBUl'ES WITH AGE ARD ASSOCIATED CHARGES 

DI SPECIES NUMBERS AND BIRD DENSITY 

5.1 Il!iTlEDUCTION 

The analysis conducted in the Chapter 4 showed that the number of 

species occurring in a suburb is broadly related to its age. The same 

analysis also showed that significant relationships existed between the 

bird density of all species groups included together and the age of 

sites, but these relationships were not as clear for grassland and 

introduced species numbers because the total number of species 

encountered was small. Variations in species numbers and bird density 

are not only related to the age of a suburb but suburb age provides a 

simple index of change of habitat attributes. In this chapter, the 

relationships between suburb age and a suite of habitat attributes, 

most of which were suspected to change significantly with time are 

analysed. 

5.2 METHODS AND ANALYSIS 

The quantitative measurements of habitat attributes on each site were 

similar to those used by Stein (1982), with the area covered by above 

ground vegetation being divided into six height classes. The method 

also utilises projected canopy cover as portrayed by Emlen (1967) and 

Karr (1981). The relative area covered by vegetation at the six height 

classes was measured with tape measure and a metre rule. The area 

occupied by each height class was then expressed as a percentage of the 

total area sampled. This was a very convenient method for this 

situation because it was unaffected by the loss of leaves from some 

deciduous vegetation in the older suburbs of Canberra. The heights of 

the tallest trees on the sites and the other height classes were 

measured with a clinometer. 

The surface areas covered by walkways, roads, driveways, houses and 

lawn were measured with tape measure and by pacing. The area of each 

was expressed as the percentage cover of the total area sampled. Top 
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height (the height of the tallest tree on a site) was determined from 

the measurements of tree heights on each site. 

The habitat attributes selected for detailed study are shown in Table 

5,1. The mean total number of species ,the mean monthly number of 

species, and the mean monthly density were plotted against both the age 

of suburban sites and their distance from source areas. Regression and 

correlation analyses were used to compare the relationships between 

species richness and bird density with the suburban habitat attributes. 

The correlation analysis also was used to examine relationships between 

the age of the suburban sites and the identified habitat attributes. 

Both stepwise multiple regression techniques and simple linear 

regression techniques were used to assess the order of importance of 

all the habitat attributes tested as recommended by De Graaf and Thomas 

(1976), Thomas et al (1-977) and De Graaf (1978). 

The division of the species recorded into four broad habitat preference 

species groups was based on information derived from Canberra 

Ornithological Group (COG) members (pers comm) and information derived 

from Pizzey (1980). Such a division of the species observed into the 

broad habitat preference species groups (Appendix 3) helped identify 

the important species groups within the suburban environment. The four 

broad habitat groups of the species were open-forest, woodland, 

grassland and exotics. Thirty species fitted into more than one 

habitat group (Appendix III). 

Foliage height diversity and evenness were calculated using the method 

of MacArthur and MacArthur (1961'). The foliage height diversity D' "' -

P iloge Pi where Pi is the proportion of the cover in the i th foliage 

strata. The information so derived was used to determine relationships 

with species numbers and bird density on all the sites censused. 
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TABLE 5.1 Selected habitat attributes used to study habitat 

associations of birds in Canberra. 

-----------------------------------------------------------------------
Habitat attribute Description and Measurement 

-----------------------------------------------------------------------
House Total area covered by house expressed as 

percentage of total area of a site. 

-----------------------------------------------------------------------
Pavement Total area covered by pavement expressed as· a 

percentage of total area of site. 

-----------------------------------------------------------------------
Pavement plus house Total area covered by pavement and house 

expressed as a percentage of total area of a 

site. 

-----------------------------------------------------------------------
Lawn Total area covered by lawn expressed as a 

percentage of total area of a site. 

-----------------------------------------------------------------------
Mulch Total area covered by mulch expressed as a 

percentage of total area of a site. 

-----------------------------------------------------------------------
Foliage 

0-1 m 

1-2 m 

2-4 m 

4-8 m 

8-12 m 

> 12 m 

height classes The total area occupied by each foliage height 

class expressed as a percentage of the total 

area of a site 

------------------------------------------------------------------------
Top height (m) Height in metres of the tallest tree at a 

site. 

-----------------------------------------------------------------------
% Total Foliage Cover Total percentage vegetation cover of all 

height classes expressed as fraction of the 

total area of a site. 

-----------------------------------------------------------------------

51 



TABLE 5.1 (Con't) 

% Native Foliage cover Proportion of area covered by native 

vegetation expressed as a percentage of total 

vegetated area. 

-----------------------------------------------------------------------
Foliage Height 

Diversity 

D '=- Pi loge Pi as applied by MacArthur and 

MacArthur ( 1961 ) 

This analysis made it possible to compare how the selected habitat 

attributes in Table 5.1 were related with the age of a site and how 

they related to each other and with the derived species habitat 

preference groups. 

5.3 RESULTS 

5.~1 Relationships between age of suburb and habitat attributes. 

Out of the 15 habitat attributes listed in Table 5.1, eight were 

significantly positively correlated with the age of a site (Table 5.2). 

TABLE 5.2 Habitat attributes significantly correlated (P<0.05) with 

the age of suburban sites. d.f. = 51 

Habitat Attribute Correlation Coefficient 

% total foliage cover o.so 
% native foliage cover 0.59 

% foliage cover 2-4 m 0.61 

% foliage cover 4-8 m 0.65 

% foliage cover 8-12 m 0.50 

% foliage cover >12 m 0.45 

Top height (m) 0.57 

Foliage height diversity 0,47 
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The habitat attributes that showed the highest significant correlation 

coefficients when compared with age, were those attributes that were 

related to the vegetation components, Where there were no close 

relationships between the age of suburbs and habitat attributes, such 

attributes probably were uniformally distributed throughout the suburbs 

and not affected by developmental changes that occurred as the suburbs 

aged, 

There was a significant positive correlation between the age of a 

suburb and % native foliage cover, of r=0.59 (Table 5,2). This 

relationship indicated that at present, in the suburbs censused, total 

foliage cover and all the other habitat attributes relating to 

vegetation components were very significantly correlated with age. 

Correlation coefficients became smaller but still significant when the 

vegetation cover measurements above 12 metres were included. 

overall, these results showed that foliage strata of between 2 metres 

and above were highly correlated with the age of the suburb and it 

followed that the height of the tallest trees showed a similar trend. 

The highest total cover observed was 264% on a site of 30 years old and 

the lowest total cover was 2% on a site of 2 years old. The mean total 

cover for all sites ranged from 40% to 110%. To show trends of the 

habitat variables most correlated with age at the various suburb age 

classes, the calculated percentage values of these attributes are shown 

in Table 5.3. 
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TABLE 5.3 The average value of the habitat attributes significantly 

correlated (P < 0.05) with the age of suburban sampling sites. The 

equivalent values for source areas of open-forest/woodland source areas 

are also shown, 

-----------------------------------------------------------------------
Habitat Attribute Age of suburban sampling site Source Areas 

---------------------------------
<2yrs 5yrs 12yrs 20yrs >30yrs 

-----------------------------------------------------------------------
% total foliage cover 40 38 88 81 11'0 199 

% native foliage cover 38 33 75 54 62 181 

% foliage cover 2-4 m 4 5 15 17 31 i'4 

% foliage cover 4-8 m 6 4 16 17 37 26 

% foliage cover 8-12 m 6 4 1) 20 24 33 
% foliage cover >12 m 3 2 H 10 25 33 
Top height (M) 17 13 20 19 30 25 

Foliage height diversity 0. 51 o. 71 0,73 0.74 o. 69 0.69 

5.2.2 Correlations between habitat attributes and the number of bird 

species and monthly mean bird density. 

In order to compare the correlations between species numbers and the 

habitat attributes, all the habitat attributes listed in Table 5.1 were 

included in the analysis. The results are shown in Table 5,4 and they 

corresponded with those shown in Table 5.2 that the habitat attributes 

highly correlated with age were those that were related to the 

vegetation components and also highly correlated with number of species 

and density. There were no significant correlations between grassland 

and any of the selected habitat attributes except for the significant 

positive correlation observed with% cover of lawn. The negative 

relationship between paved surfaces and number of species of all 

species groups except exotic species was very evident in Table 5,4. 
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TABLE 5.4 Correlation coefficients between the suburban habitat 

attributes and the bird census data for all species plus the numbers of 

each of the broad habitat preference species groups. 

(* P = <0.05; ** P = <0.01) d.f. = 51 

Number of Number of Numl:er of Number of Number of 

(pen-forest Woodland Grassland Exotic (pen-forest Total No. Mean M:mthly 

Species 

Habitat Attrihite 

% oover of:-

House -0.45** 

Pavement -0.50** 

Pavement + -0.52-

Ho.lse 

Lawn -0.29* 

Mulch o.57** 

Foliage aright Class:-

0-1 m 0,44** 

1-2 m 0.75** 

2-4 m 0.57** 

4-8 m 0.61** 

8-12 m 0,56** 

>12 m 0.68** 

'lbtal Foliage O.S0** 

Cover 

Native Foliage Q.82** 

Cover 

'Ibp Height 0.53** 

FHD 0.50** 

Species 

-0.45** -0,25 

-0.46** -0,09 

-0.50** -0,18 

-0.19 0.29* 

0,42** -0.19 

0.45** 0.03 

0.68** 0.19 

0.54** 0.15 

0,54** 0.10 

0.50** 0.06 

0.55** 0.10 

0,69** 0,08 

0.73** 0.01 

0.44** 0.04 

0,49** 0.21 
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Species 

0,07 

0.10 

0,06 

0.60** 

-0.58** 

-0.29* 

0.02 

0,23 

0.18 

0.09 

0.02 

0,03 

-0,53** 

0.15 

0.31* 

& Woodland 

Species 

-0.52** 

-0.60** 

-0.64** 

-0.07 

o.46** 

0.37** 

0.65** 

0.49** 

0.56** 

0.51** 

0.68** 

0,72** 

0,70** 

o.53** 

0.46** 

of Species Number of 

/Site Species 

-Q.49** -0.45** 

-0.52** -0.47** 

-0.55** -0.50** 

-0.18 0,08 

0.47** 0.21 

0.44** 0.23 

0.75** 0,70** 

0.60** 0.60** 

0.63** 0.63** 

0.56** 0.56** 

0.67** 0.68** 

0.79- 0.75** 

0.79- 0.79** 

0,52** 0.52** 

0.52** 0,52** 



Table 5.4 shows the significance of foliage height classes, and total 

foliage cover to open-forest and woodland species. The height of the 

tallest trees was also significantly correlated to species richness of 

both species groups. The appearance of the height class 0-1 m for 

open-forest, woodland and total number of species probably indicated 

the response of bird species of these groups to the initial planting of 

vegetation in suburban environments and that the class height 0-1 m was 

important in the built environment. The appearance of paved surfaces 

as one of the habitat attributes with significant negative correlations 

with the number of open-forest, woodland and overall number of species 

shows that the presence of extensive areas of paved surfaces in a 

suburban area reduced the number of species for these habitat groups. 

The highest significant negative correlation of r = -0.64 was observed 

between the combined numbers of open-forest and woodland species and 

paved surfaces including area covered by house. A similar relationship 

between paved surfaces and the numbers of each habitat group was 

observed. Only exotic species showed a slightly positive relationship 

with paved surfaces, 

Amongst all the species groups the number of grassland and exotic 

species indicated that there were no significant relationships between 

them and most of the habitat attributes, 

However, the question that still arose was that of determining whether 

the habitat attributes selected in Table 5.2 were the ones that would 

still emerge among the variables with the strongest correlations with 

each of the derived species groups, but before this could be achieved 

it was considered necessary to identify the habitat attributes that 

were closely related with each other so as to avoid the selection of 

attributes that responded in a similar manner to changes associated 

with age in the suburban environment, Following Stein's (1982) study, 

the identification of similar habitat attributes was achieved by a 

comparison of correlation coefficients between the habitat features 

involved (Table 5.5), 
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TABLE 5.5 Correlation coefficients (r) bet\lleen habitat attributes, 

1 P (0,05 ** P (0,01 d,f. = 51 

-----------------------------------------------------------------------·------------------------
Foliage Height Classes 

Habitat 

Attributes 

House Pavement Pavement Mulch 1-2nl 2-411 4-811 8-12111 >1211 Total Native Top FHD 

+ 

House 

Foliage Foliage Height 

Couer Cover 

---------------------------------------------------------------------------------------------------------------
½ Cover of:-

House 1.0 0.421 0,67fl -0.301 -0.371* -0.4611 -0.53** -0.4911 -0.4911 -0.5611 -0.4911 -0.291 -0.38* 

Pavement 1,0 0.9211 -0.3711 -0.3811 -0,24 -0.331 -0.4111 -0.351 -0.4711 -0.5111 -0,311 -0.19 

Pa11ement + 

House 

Mulch 

Foliage Height Classes:-

1-2 II 

2-4 II 

4-8 Ill 

8-12 m 

> 12 m 

Total Foliage Couer 

Native Foliage Cover 

Top Height 

Foliage Height Diversity 

LO -0.4111 -0.4511 -0.3711 -0.4511 -0,5111 -0.481* -0.5711 -0.5811 -0.311 -0,291 

1.0 0.4611 0.20 0.27 0.311 0.4011 0.4811 0,6211 0.20 0.18 

LO 0,6811 0.5711 0.4311 0.5211 0,7811 0.8011 0.331 0,4611 

1.0 0.8811 0.7311 0,6111 0.8411 0.6211 0,5111 0.5211 

LO 0.8811 0.8011 0.9011 0.6811 0.6411 0.5311 

1.0 0.8311 0.8111 0.6911 0.5111 0.4211 

1.0 

LO 0.9011 0,5811 0.4711 

LO 0,44H 0,34!! 

1.0 0,56H 

1.0 

------------------------------------------------------------------------------------------------
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There was clear evidence that many of the habitat attributes were 

intercorrelated. Again it was evident that the habitat attributes 

selected for Table 5.2 were also related to more than one of the 

attributes listed in Table 5.1. For example, it was shown in Table 5.5 

that the percentage foliage cover of each of the foliage height classes 

selected also represented all of the lower foliage height classes 

below it; a trend which came about because of the high correlations 

observed between them. Percentage total foliage cover and percentage 

native foliage cover were also highly correlated with all of the lower 

height classes but were selected as habitat attributes because they 

measured a different vegetation component. Similarly the inclusion of 

top height, and foliage height diversity was based on the fact that 

they each were describing a different vegetation component. Percentage 

cover of house, pavement and pavement plus house were also related and 

their inclusion in Tables 5.4 and 5.5 was to determine whether they 

were similarly related with the numbers of the derived species groups 

and their density. 

Since different species groups were being dealt with, it was expected 

that not all the species groups and their density would have 

significant correlations with all of the selected attributes listed in 

Table s.2. 

Of the 15 habitat attributes included in the correlation analysis with 

monthly mean density for the four species groups, 

to be significantly correlated (Table 5.6). 

thirteen were found 

This suggests that 

similar habitat attributes were responsible for variations in both 

species numbers and the density of birds. The detection of 

relationships between vegetation related habitat attributes and the age 

of sites confirmed the validity of the use of age of a site as a 

habitat index that can be related to the number of bird species and 

density. 
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TABLE 5.6 Correlation between habitat attributes and density of the 

habitat species groups. 

* P <0.05 ** P <0.01 *** P <0.001 d.f. 51 

Habitat At.trih.lte 

~forest Woodland 

~ Species 

% rover of:

House 

Pavement 

Pavement 

+ House 

Lawn 

Mulch 

-0.40** 

-0.44** 

0.53** 

0.02 

0.41** 

Foliage J:eight Classes:-

0-1 m 0.14 

1-2m 0.67** 

2-4m 

4-8m 

8-12m 

>12m 

Total foliage 

cover 

0.55** 

0.68** 

o.68** 

0-85** 

0.76** 

Native foliage 0.75** 

cuver 

TopHeight{m} 0,57** 

Folia~ Height 

Diversity 0.48** 

-0.28* 

--0.26 

--0.35* 

0.43** 

-0.18 

-0.06 

0.25 

0-42** 

0.43** 

0.58** 

0.40** 

0,35* 

0.32* 

0.12 

0.27 

Grassland 

~ies 

--0.07 

0.02 

--0.02 

0.59** 

-0.44** 

-0.31* 

--0.23 

0.07 

0,06 

0.21 

--0.02 

--0.12 

--0.18 

-0.19 

-0.03 
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Bird da'lsity on a site per year 

Exotic 

Species 

0.10 

0.19 

0.21 

0.06 

--0.31 * 

-0,17 

0.24 

0.26 

0.15 

-0.03 

0.01 

0.09 

-0.04 

0.09 

0,24 

(plm-forest & 

w:xxiland f4,ecies 

-0.40** 

-0-41** 

-0.51** 

0.19 

0.23 

0,07 

0.60** 

0.58** 

0.67** 

0.73** 

0.77** 

0.70** 

0.67** 

Q.46** 

0.47** 

Monthly mean 

Density 

-0.31* 

-0.38** 

-0.38** 

0,31* 

0.01 

0.01 

0.52** 

0.55** 

0.59** 

0.58** 

0.57** 

0.56** 

Q.47** 

0.44** 

0.50** 



5.4 DISCUSSIOll AJID CUIICLUSION 

It was pointed out at the beginning of this thesis that the development 

of suburbs and other human activities in the Canberra region have 

markedly altered the nature of the bird habitats occurring in the city 

and its suburbs. The impact that such changes exerted on the 

distribution of the local fauna and more so on bird species was 

expected to be moderately high. Similar studies elsewhere in the world 

have shown that such changes to natural environments by humans are 

likely to alter the factors that regulate species distribution in a 

region (Emlen 1974, Hohtola 1978). In a city such as Canberra which is 

built on an area of grassland plains surrounded by rolling hills, the 

development of suburbs and their emerging suburban vegetation is 

modifying the influence of these impacts on the bird populations in the 

region. 

The studies carried out in just a few Australian cities by Jones 

(1981,1983) and Stein (1982) have shown that not only does suburban 

development remove granivorous species from the areas developed but 

also encourages the colonisation by both exotics and other native 

synanthropic species of these areas. In the long term, the regeneration 

and the replanting of vegetation in the gardens and streets helps to 

improve the quality of bird habitats thus increasing the number of 

species frequenting the suburbs. The increase in the number of species 

in a residential area has been used by De Graaf (1978) as a measure of 

the complexity of an urban and suburban ecosystem. 

It was stated in Chapter 4 that the number of species observed in the 

newer suburbs was lower than that observed in older suburbs because of 

the initial impacts of suburban development and lack of suitable 

habitat components. The results obtained from the analyses in this 

chapter indicate that the habitat components absent in Canberra's 

newer suburbs were those associated with vegetation; such as, foliage 

cover at the various height classes, total foliage cover, foliage 

height diversity and top height. 

60 



The study undertaken by Stein (1'982) in Canberra, and similar studies 

elsewhere by Thomas et al. (1977) and Hohtola (t978) have all predicted 

that the habitat attributes that would be linearly related with the 

ageing of suburbs would be those associated with vegetation components. 

The reason that the number of bird species increased in older suburbs 

was because of the increased cover of vegetation with age. 

The full list of these habitat components and their correlations with 

responses of species numbers were outlined in Table 5.4. When the 

impact of these habitat attributes on species numbers was compared with 

the impact they created on bird density of the four derived species 

groups (Table 5.6), the correlations were slightly lower indicating 

that perhaps there were other factors; such as, season (migration, 

altitudinal movements) and specific requirements for breeding that 

could be important. 

Hohtola (1978) in central Finland found that changes in species numbers 

did not parallel changes in density. In Canberra, changes in species 

numbers paralled changes in density but only for the total number of 

species, the density of open-forest species and for the combined 

density of open-forest and woodland species. There was very little 

indication that the density of grassland species and exotic species 

were related to any of the habitat attributes shown in Table 5.1. 

As shown by Stein (1982) the number of species observed was positively 

correlated with vegetation components composed of height classes, total 

vegetation cover and top height. It was found that the vegetation 

height classes were interrelated and probably representative of each 

other, However when these height classes were correlated with the 

derived species groupings it was found that the different height 

classes were relevant to specific species groupings (Table 5.4). 

Whereas species numbers were positively correlated with the vegetation 

components it was found that the total number of species, open-forest 

species; woodland species and combined open-forest and woodland species 

werre negatively correlated with% pavement or built on surfaces 

including roofs of houses but did not show any significant 

relationships with either grassland or exotic species. Studies by 
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Jones (1981, 1983) and by Stein (1982) found that grassland and exotic 

species were positively correlated with paved surfaces. 

For open-forest species, woodland species and the total number of 

species per site, it appeared that height class 1-2 metres was more 

important than height class 2-4 metres and that height class 1-2 metres 

appeared to be closely related to height classes 8-12 metres and above. 

This type of relationship probably indicated the importance of low 

foliage as a source of food for some species, as was observed by De 

Graaf ( 1"976) who made the following corn men t; 

"The importance of the low foliage layers to 

the bird species is especially noteworthy in 

view of common urban landscape practice of 

pruning the lower limbs from trees and shrubs 

for ease of mowing and visibility. If we 

want to have these and other species in areas 

of human habitation, many of these landscape 

maintenance practices will need to be 

modified." 

The maintenance of vegetation in private gardens in Canberra is under 

the jurisdiction of the occupants and the majority of the occupants 

prefer to remove the lower branches and maintain short lawns. The 

gardens which retained the lower branches were preferred habitats for 

the open-forest and woodland species and and probably explains the 

higher correlation between the total number of species per site and 

the lower height classes observed in Table 5.4. 

The percentage ground covered by paved surfaces (including areas 

occupied by houses) was found to be negatively correlated with age and 

with all species groups except exotic species. Open-forest, woodland 

and the total number of species were significantly positively 

correlated with the vegetation components (ie. foliage cover by height 

classes of 1-2 m and above, overall total cover, native foliage cover 

and top height). A similar trend was observed for monthly mean density 

but not for the density of woodland species. Foliage height diversity 

emerged as an important habitat attribute that was related to the 
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number of species for all species groups except grassland species. The 

monthly mean density of woodland, grassland and exotic species also 

were found to be unrelated with foliage height diversity (Table 5.6). 

The number of exotic species was found to be positively correlated with 

the proportion of lawn present. The numbers of all species groups were 

enhanced by the presence of mulch, whereas grassland and exotic species 

were disadvantaged. The correlation coefficients in Table 5.4 show that 

most species groups were enhanced by the habitat features related to 

the vegetation components except for grassland and exotic species. 

Although the number of all species groups, except exotic species were 

largely unrelated with the proportion of lawn, the presence of paved 

surfaces was detrimental to all species groups except the exotics. 

In conclusion, the Canberra suburban development processes have 

increased the number of exotic species to a limited extent in the 

suburbs. The trend that is emerging now is that there is an increasing 

number of native species arriving presumably from the surrounding areas 

and this trend increases with suburbs possessing greater cover of 

vegetation. 
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CHAPl'ER 6 

RELATIONSHIPS BETWEEN SPECIES Rl:CBHBSS ARD BIRD DEIISITY ARD THE 

DISTANCE OF SUBURBS FRO.Ill OPEN-FOREST/WOODLAND SOURCE AREAS. 

6.1 DITRJDUCTIOll 

While significant positive relationships were found to exist between 

species richness and bird density and the age of the suburban sites for 

some of the derived habitat groups (Table 4.5), the low correlation 

coefficients observed between open-forest and woodland species groups 

and the age of the suburbs was attributed to some unknown factors. 

Some factors were identified as being associated with vegetati on 

components and the proportion of paved surfaces. But even then it was 

evident that the habitat attributes associated with the vegetation 

components did not still account for all the variations in species 

numbers and density observed in the suburban sites. Apart from the 

negative relationships observed between all species groups (with the 

exception of exotic species) and habitat attributes related to paved 

surfaces, there was a likelihood that some other factors could have 

been responsible for the low positive correlations observed between the 

numbers of open-forest and woodland species (and their densities), and 

the vegetation components. Such a factor was considered to be the 

distance of source areas for birds from the suburbs and therefore the 

following hypothesis was tested: - "that the number of bird species and 

their density decreased with increasing distance of suburban sites from 

open-forest/ woodland source areas". 

6.2 KE'J.'HODS OF ANALYSIS 

The census data was analysed with respect to the derived broad habitat 

preference species groups shown in Appendix III. Information on bird 

species and bird density was collected from each site as described in 

Chapter 3. All the sites were located at measured •distances from the 

nearest open forest/woodland source areas (Table 3.1 ). 
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Plots of the mean total number of species, monthly mean number of 

species and bird density against distance of the suburban sites from 

the nearest source areas were used to examine the relationships between 

species richness and bird density and the distance of sites from source 

areas. Correlation analysis was used to show how the derived habitat 

preference species groups were related to the distance of the sites 

from the nearest source areas. The correlation coefficients of the 

sites at each distance class were then tabulated to compare the 

correlation levels. All the sites including those from open

forest/woodland source areas were included in these analyses. 

6.3 RESULTS 

6,3.1 Relationships between the mean total number of species and mean 

density of birds. 

The mean total number of bird species observed on sites for the census 

period, and the monthly mean number of species (mean number of species 

observed on a site per month) all decreased substantially when the 

sites were further from open-forest/woodland source areas (Figures 6.1 

and 6.2 ). Figure 6.1 shows a rapid decline in the total number of 

species between sites in source areas and in those 0.18 km away. The 

lowest rate of decrease was shown between sites at 0.75 km and those at 

1.5 km away. 

The monthly mean number of species plotted against distance (Figure 

6,2) indicated similar decreases in the number of species, but with no 

changes between O km and 0,05 km sites, between 0.18 km and 0.38 km 

sites and between o. 75 km and 1.5 km sites. 

Figure 6,3 shows that the monthly mean density of birds was lower in 

the source area than the closest suburban sites. A rapid decline in 

bird density occurred between 0.05 km and 0.38 km before stabilising. 
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FIGURE 6.1 Relationship between the mean total number of bird species 

censused from June 1982 to May 1983 and the distance of suburban sites 

from the nearest open-forest/woodland source area. Shown are the means 

+ standard errors. 
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species censused from June 1982 to May 1983 and the distance of 

suburban sites from the nearest open-forest/woodland source area. 

Shown are the means+ standard errors. 
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6.3.2 Distance of source areas and the broad habitat species groups. 

The mean total number of open-forest species and woodland species 

decreased as the distance of the sites from the source areas increased 

but the highest rate of decrease occurred within 0,38 km from the 

source areas (Table 6,1), The numbers of grassland and exotic bird 

species remained largely unchanged. 

6,3,2,1 Open-forest species. 

Decreases in the number of open-forest species were clearly evident on 

the most distant sites (Table 6,1), The largest decrease of 12 species 

was registered between sites of 0.05 km from source areas and 0.18 km, 

while there was a decrease of only 6 species between sites of 0, 18 km 

and 0, 75 km, The lowest decrease in the mean number of open-forest 

species was observed between 0, 75 km and 1.5 km sites. The monthly 

mean density for open-forest speci_es decreased the further the sites 

were from source areas (Table 6, 1). 

6,3,2,2 Woodland species. 

There were generally fewer woodland species than open-forest species. 

The decrease in the number of woodland species was greatest between 

sites 0.05 km and 0, 18 km from source areas (Table 6, 1 ). 
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TABLE 6.1 Relationship between mean total number of species 

(species richness) of the derived species groups and their monthly mean 

densities and distance of sites from open-forest/woodland source 

areas. Standard errors are also shown 

-----------------------------------------------------------------------
Species Group Distance of Sites Fran Source Areas (km) 

0 0,05 0. 18 0.38 0,75 1. 5 

-----------------------------------------------------------------------
SPECIES RICHNESS 

Open forest species 

Woodland species 

-----------------------------------------------------------------------
Grassland species 

-----------------------------------------------------------------------
Exotic species 

MONTHLY MEAN DENSITY 

Open forest species 

woodland species 

Grassland species 

Exotic species 

A decrease of 5 species was observed for sites between 0.18 km and 0.75 

km from source areas and none thereafter. 

The monthly mean density of woodland species decreased away from source 

areas (Table 6.1). 
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6.3.2.3 Grassland and exotic species 

Grassland and exotic species richness remained largely unchanged at all 

sites (Table 6.1 ). These were very different trends from those 

observed between the total number of species, the total number of open

forest species and the total number of woodland species and distance of 

sites. For both exotic and grassland bird species, the monthly mean 

density increased at sites furthest away from source areas (Table 6.1). 

6.3.2.4 Correlation analysis 

The results of the correlation analysis showed significant negative 

correlations between the mean total number of species, monthly mean 

number of species and mean total number of open-forest species and 

woodland species but not grassland and exotic species {Table 6.2). 

The positive correlation observed between the number of exotic species 

and the distance of the suburban sites from source areas was just 

significant (Table 6.2). A negative correlation between grassland 

species and distance of the suburban sites was too low for it to be of 

any significance. 

There were no significant correlations observed between monthly mean 

density of all species as well as for each of the species groups and 

distance of the sites from source areas, except for grassland species. 

There were significant correlations between distance and species 

richness for all species, and species groups, except for grassland 

species (Table 6.2). 
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TABLE 6.2 Correlation coefficients (r) between species richness and 

bird density, and distance (km) from source areas. 

*P<0.05 **P<0.01, d.f. = 56 

Species Group Correlation Coefficient (r) 

All species 

Open forest/woodland 

species 

Open forest species 

Woodland species 

Grassland species 

Exotic species 

Mean 

Species Richness 

-0. 49 * 

-0,49** 

-0.55** 

-0.53** 

-0.01 

0.30* 

6.4 DISCUSSION AND CORCLUSIONS 

Mean 

Bird Density 

-0.09 

-o. 15 

-0.26 

0.08 

0,38* 

0.09 

The species richness of all birds and that of open-forest species and 

their densities supported the hypothesis that the number of species and 

their densities were inversely related to the distance of suburbs from 

open-forest/woodland source areas (Figures 6.1, 6.2 and 6.3). The mean 

total number of species decreased from 45 species in source areas to 19 

species on suburban sites 1.5 km from source areas (Figure 6.1 ). Open

forest species decreased from 34 species in source areas to 10 species 

on suburban sites 1.5 km away from source areas, and similarly the 

monthly mean number of species declined by half from source areas to 

suburban sites more than 1 km from the source areas. 

Figure 6.3 shows that the monthly mean density of bird.s was highest 

near the boundary where the source areas joined the suburbs. Compared 

to decreases observed in the number of species this decrease in the 

monthly mean density was only slight, from 70 birds/ha close to source 

areas to 51 birds/ha on sites 1,5 km from source areas. 
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Woodland species richness decreased from 23 species in source areas to 

11 species on the furthest sites from the source areas (Table 6.1). 

Although there was a general decrease in the monthly mean bird density 

of both open-forest and woodland species the decrease in bird density 

from source areas to sites further away was smallest for woodland 

species: from 27 birds/ha in source areas to 20 birds/ha on sites less 

than 0.2 km from source areas to 24 on sites 1.5 km away. The monthly 

mean density for grassland and exotic bird species increased for the 

sites furthest from open-forest/woodland source areas. 

However, the correlation coefficients appearing in Table 6.2 show that 

all species groups except exotic species were negatively correlated 

with distance of sites from open-forest/woodland source areas. 

Conversely, the number and density of exotic bird species, and the 

density of grassland and woodland species groups were positively 

correlated with distance from source areas. This analysis suggests 

that open forest species and woodland species responded in a similar 

manner to increasing distance of suburbs from open-forest/woodland 

source areas. 

The numbers of grassland species largely remained unchanged with 

increasing distance from open-forest and woodland areas (Table 6.1), 

while grassland bird density showed a positive and significant 

correlation (Table 6.2). Perhaps the majority of grassland species 

have been displaced from their original habitat and now use open areas 

in remnant open-forest and woodland areas as their new refuges. Gannon 

(1966) suggested that some grassland species near Sydney suburbs could 

not breed in areas with no trees even if they were ground nesters. 

A relatively weak positive correlation occurred for the numbers of 

exotic species and distance from source areas (Table 6.2). This may be 

attributed to the low number of exotic species censused but the 

surveyed source areas are not source areas for exotics and probably 

onle to a very small extent for grassland species. Thomas~ al (1977) 

suggested that exotic bird species in a built environment responded to 

many habitat variables including architectural design of buildings some 

of which were appropriate for their nesting requirements. Hence, there 

is a close association of some of the exotic and grassland species with 
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the built environment, irrespective of distance from source areas. 

The trends discussed above regarding the relationship between the 

number of species with distance from source habitats agree with Davis 

and Glicks' (1978) suggestion that small-species richness is 

characteristic of large cities or, at least, of their inner areas. 

This was found to be the case in this study where the number of species 

decreased with distance from open-forest/woodland source areas. The 

correlations in these relationships were relatively moderate (Table 

6.2) but were significant enough to draw the conclusion that the number 

of species observed on a site was related to the distance of a site 

from source areas. Although this relationship was partly a function of 

disturbance and increasing fragmentation of habitats, it was also 

associated with an increasing isolation resulting from the physical 

expansion of the suburbs. Thus the habitats in suburbs may depend on 

outside recruitment or the ability of the species to move freely 

between habitats. It was most likely that the existence of this 

recruitment was linked with the position of the habitat "islands" and 

the efficiency of the corridors to and from source habitats. Davis and 

Glick (1978) pointed out this situation by suggesting that, small 

cities functioned like large and/or near oceanic islands with easy 

recruitment from the countryside through corridors that are short and 

effective, while large cities functioned like small or distant islands, 

separated from each other and from source habitats by larger distances 
which made recruitment slow and difficult. Here the corridors can be 

larger but less effective than in small cities. Similar trends were 

also found by Tomialojc (1970) that the centre of the cities had lower 

species densities than the densities on the outer reaches. 
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All species groups were relatively sensitive to increasing distance 

from source habitats within 0.5 km of source areas after which, there 

appeared to be little or no response to further increases in distance. 

This trend was observed for all species, open-forest species and 

woodland species, including their densities. The density of grassland 

and exotic birds did not alter this particular trend, as even for these 

species groups, the major changes in density occurred within the 0.5 km 

of open forest/woodland areas. 

Open-forest species were more restricted to source areas than all the 

other species groups. Woodland species also showed a tendency of being 

restricted to source areas but to a lesser extent because the drop from 

the open- forest/woodland source areas was more gradual than that shown 

by open-forest species. According to Tomialojc (1970), this could be 

an indication that the woodland species comprised a number of 

synanthropic more aggressive species that could exploit the suburban 

environment and some of its features more easily than the open-forest 

species. 

It is suggested that suburban habitats can be viewed as wooded islands 

of permanent habitat which when combined with private gardens and 

public parks afforded habitat features that benefited a variety of bird 

species, a situation which was found to be true with farmstead shelter 

belts by Yahner (1982 and 1983) and Wegner and Gray (1979). This 

brings to notice the importance of tree canopy cover in residential 

areas to bird species as observed by Morgan and Gates (1982), who also 

noted that certain forest and mixed habitat species only occurred at 

the forest edges; a trend which related to a higher number of species 

near woodland source areas as found by this study {Figure 6.1 ). Open

forest and woodland species that frequented suburban habitats were 

those species which normally occupied open forest/woodland and mixed 

habitats. The widespread use of suburban habitats which were distant 

from source areas suggested that certain bird species were attracted to 

suburban vegetation regardless of its location from source areas as 

long as there was enough cover which also provided an adequate food 

source. However, because of other factors, such as human disturbance, 

some of the open-forest species tended to be restricted to their source 

habitats (Figure 6.4). A similar trend was observed by De Graaf (1978) 
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for a wintering group of birds. He found that the distance to the 

nearest woodlot was the most important variable determining the 

distribution of bird species in winter. The Canberra region has milder 

winters than the area of De Graaf's study, but many species are 

altitudinal migrants that overwinter in Canberra from adjacent 

highlands. The birds shelter from adverse weather and use suburban 

vegetation which contains patches of mixed species of shrubs and trees 

which provide better cover and a supply of food during the winter 

months. 

Open-forest species, woodland species and total species numbers 

decreased with distance from open-forest/woodland source areas which 

pointed to the importance of the proximity of open forest/woodland 
source areas to species occurring within the suburbs. This 

relationship was very pronounced for woodland and open-forest species 

which formed 70% of the species observed in the suburbs. 

Emlen (1974) consistently found lower species richness and a higher 

density of birds in the Tucson suburban area than he did in the 

surrounding desert area (Table 6.3) and he attributed the occurrence of 

lower species richness in the surrounding desert area to lower food 

resources and shortage of shelter. In the present study the overall 

species richness and that of open-forest and woodland species were 
higher in the open forest/woodland source areas. While the highest bird 

density was not observed within the source areas it was still highest 

near the suburb edge (the areas demarcating the suburbs from open

forest/woodland source areas, Figure 6.3). Kroodsma (1982) attributed 

the occurrence of higher densities of birds near the suburb boundaries 

as being due to an edge effect, which was probably the case in the 
present study. 

There have been few studies that have directly compared the 
relationships between the distance of suburbs from open forest/woodland 
source areas and species richness or bird density. The many studies 

that have been executed have instead compared species richness and bird 

density between residential and non-residential areas and between urban 
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and suburban areas. In addition, many studies such as that conducted 

by Walcott (1974) measured the relationships between species richness 

or other similar bird measures with increasing urbanisation and found 

that increasing urbanisation favoured exotic and the more opportunistic 

bird species but were detrimental to the other more sensitive species 

which were found in higher numbers on adjacent shelter belts than in 
the urban site. De Graaf (1978) found that the density of exotic 

species was higher in suburban areas than in the surrounding rural 

lands. 

Nevertheless, studies that have been conducted in order to compare 

species richness and density between suburban/urban areas and the 

surrounding rural lands (Siegfied 1968, Tomialojc 1970, Huhtala 1978) 
all suggest that increasing the area under suburbs reduces species 

richness but increases the density of individual birds. 

If area is equated to distance of sites from source areas then the 
difference between the findings in the present and the previous studies 

was that the density of birds for all species groups in Canberra, 

except grassland and exotic species, decreased with increasing distance 

from source areas (figure 6.3 and Table 6.1) while for the previous 
studies it increased with increasing area under suburban development. 
In the present study and the previous studies the density of grassland 
a and exotic species increased with distance from areas of native 

vegetation which could be equated with an increase in bird density with 
increasing urbanisation (Batten 1972). The proximity of native 
vegetation and other unspoiled rural lands to suburbs provides suitable 

foraging areas for birds without human disturbance and probably was the 

reason why the species richness of open- forest and woodland species 

decreased with distance from source areas in Canberra. A similar 

finding was discussed by Walcott (1964), Huhtola and Jarvinen (1977) 

and Thomas~ al. ( 1 977 ). 

The findings of Jones (1981 and 1983) at Wagga Wagga and Townsville in 

Australia contrast with the findings of the present study that the 
species richness was higher in source areas than in the suburban areas. 

Stein (1982) showed that total species richness was higher in suburban 

areas in Canberra than source areas. However, Stein's study was 
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restricted to the cooler six months of the year, when overwintering 

species forage in gardens. 

Open-forests and woodland areas were treated as a single habitat in the 

present study. Nevertheless, both Stein (1982) and the present study 

suggest that bird densities were higher in source areas than in the 

suburban sites but that the density of exotic and grassland species was 

higher in suburban sites than source areas. Siegfied (1968) Emlen 
(1974) Guthrie (1974) and Huhtola and Jarvinen (1977) suggested that 

the favouring of suburban habitats by exotic species is what raises the 

overall density of birds in suburban areas. In Canberra, not only are 
the densities of birds in suburban areas increased by the higher 

occurrence of exotic birds but also by the favouring of suburban 

habitats by some native species that prefer the suburban habitats to 

source areas during the non-breeding period of the year (Canberra 

Ornithological Group 1982). 

A comparison of the number of species and density of birds between 

source areas and suburban sites from different parts of the world are 

shown in Table 6.3 and compare well with the findings from the present 
study. The differences in the numbers and trends are more due to 

features which would be unique to each location such as the nature of 

source areas and the prevailing land uses in the different parts of the 

world. In Canberra, all the open-forest/woodland source areas have 

been made into reserves (Shorthouse 1979) and evidence from this study 

suggests that birds species in the Canberra region are benefitting from 
these reserves. 
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TABLE 6.3 Comparison of number of bird species and bird density 

between adjacent source areas and residential areas from seven studies. 

-----------------------------------------------------------------------
Total Number of Species Mean Density/ha 

-----------------------------------------------------------------------
Adjacent 

Source 

Areas 

Residential 

Sites 

Adjacent 

Source 

Areas 

Residential 

Areas 

Source, date and 

place 

-----------------------------------------------------------------------
61 37 34 7 Siegfried 1968 

Stellenbosch (South 

Africa) 

-----------------------------------------------------------------------
22 16 0.47 12 Emlen 1974 

Tucson (Arizona) 

-----------------------------------------------------------------------
27 25 65 84 Guthrie 1974 

(Southern California) 

-----------------------------------------------------------------------
21 18 15 30 Jones 1981 Wagga 

Wagga (Australia) 

-----------------------------------------------------------------------
15 12 35 46 Jones 1983 

Townsville (Australia) 

-----------------------------------------------------------------------
40 53 42 35 Stein 1982 

Canberra (Australia) 

-----------------------------------------------------------------------
90 69 42 60 Present Study 

-----------------------------------------------------------------------
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The findings of relationships between bird species richness and 

density, and the proximity to open forest/woodland source areas did 

support the hypothesis that the distance of suburban sites from source 

areas accounts for a significant part of variation in the numbers of 

bird species and their density. The results also suggest that although 

the inverse relationship between the number of species and the distance 

of suburban sites from source areas existed (Figure 6.1, 6.2 and 6.3), 

the most evident inverse relationships were observed between overall 

species richness, species richness of open forest and woodland species 

and distance of sites from source areas (Figure 6.1, 6.2 and Table 

6.2). There were significant relationships observed between the 

species richness of exotic species and distance from source areas and 

the density of grassland species and distance of sites from source 

areas (Table 6.2). 

All these findings confirm the importance of considering the proximity 

of source areas as a factor in determining relationships between birds 

and suburban habitats and that while the age of suburbs and vegetation 

components of the habitat may be positively related with birds, other 

attributes such as the presence of paved surfaces and distance of sites 

from source areas could be responsible for obscuring these 

relationships from showing and as was shown by the low correlation 

coefficients between species richness of open-forest species, woodland 

species and grassland species and the age of sites (Table 4.4). Even 

then, bird density appeared to be less affected by distance of sites 

from source areas (Figure 6.3). 

Nevertheless, it was still evident that the distance of sites from 

source areas did play a role in the distribution of bird species and 

their densities in the suburban habitats in Canberra; and it was 

evident that the positive influence of the proximity of source areas to 

birds in Canberra suburbs was being enhanced by the conservation of 

open-forest and woodland reserves, large vegetated parks and private 

gardens. The presence of these vegetation regimes within the 
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residential areas acted as habitats which could be utilized by b i rds, 

although their chances of being so utilised largely depended on the 

ability of the bird species to do so. Davis and Glick (1978) suggested 

that for birds with a greater mobility such suburban habitats would be 

part of a mosaic of islands with each acting as a corridor or a 

stepping stone for exploring the suburban habitats. 
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CBAP'l'ER 7 

MAJOR FACTORS IJ!TFLUDCING BIRD SPECIES RICIDIESS DID DDSITY IN 

CDIBERRA'S SUBURBS 

7.1 IllTRODUCTION 

It was established in Chapter 4 that both species richness and density 

increased rapidly with the age of suburbs up to about 12 years and then 

stabilized. The habitat attributes that changed with age were analysed 

and those that significantly influenced species richness and density 

were determined in Chapter 5. Total foliage cover, % native foliage 

cover and% cover of height classes 1-2 m to >12 m were positively and 

significantly correlated with species richness and bird density and% 

paved surfaces were negatively correlated. Further in Chapter 6, it 

was established that species richness and bird density declines with 

increasing distance from open-forest/woodland source areas showing a 

sharp decline, at first close to the source areas and stabilising at 

about a. 75 km. 

In this chapter, an analysis is made of the combined influence of age 

of suburb and distance from source habitat on bird species richness and 

density. 

7.2 METHODS OF ANALYSIS 

The correlation analysis considered in Chapter 4 showed that the age of 

suburb was correlated with changes in vegetative structure and cover 

and that these changes influenced bird species richness and density. 

In order to compare the relationships established between the number of 

species and their density and all the habitat attributes discussed in 

th~ preceeding sections, a multiple regression analysis "step wise 

regression" technique was used to determine the order of importance for 

each habitat attribute in relation to the others for each of the 

derived species groups (Appendix III). The technique was considered 

suitable because of its capability to select habitat attributes with 

significant relationships for each species group in a single analysis. 
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The step wise regression used to select the habitat attributes with the 

most significant relationships when related to the number of species of 

the four derived species groups is basically a multiple regression 

technique which through a series of regressions selects and ranks the 

most significant variables. Zar (1974) described it as a multiple 

regression, designed for determining the independent variables that 

yield the least squares best fit equation for a set of data. Given a 

list of independent variables the analysis is able to determine which 

ones have significant influences on Y in the population sampled ( in 

this situation species numbers and bird density).It is a technique that 

can easily be suited to the prevailing local conditions. It has been 

used successfully in similar studies overseas by Emlem (1974), De Graaf 

and Thomas (1976), De Graaf (1978) and Huhtala (1978). In Australia 

Stein (1982) partially used the technique to study selected avian 

habitats in the Australian Capital Territory. 

The procedure followed here is that described for the Burroughs 

Advanced Statistical Enquiry System, (BASIS) Computer Package (1975). 

The important habitat attribute is selected at each regression step, 

which starts with a simple linear regression with one independent 

variable. A similar regression is calculated each time a variable is 

selected and so forth, with each subsequent regression becoming more 

complex by the addition of an extra independent variable until the 

remaining variables have an F value that is less than the F value at 

the predetermined level, in this situation F delete and F include were 

fixed at 0.01. It is for this reason that the regression begins with 

the smallest best possible regression model, and works up to the 

multiple regression model, incorporating the largest number of 

significantly important independent variables by way of incorporating 

the successive best simple regression models for the data, thus the 
I , 

name step up regression procedure. De Graaf and Thomas (1976), Thomas 

et al (1977) and De Graaf {1978) initially used this technique to 

determine suburban habitat attributes most related to species richness 

and bird density. To further rank habitat variables selected by the 

step wise regression the variables selected for all the species groups 

were weighted by assigning a score to each of the variables selected 

for each species group. For example the first ranked variable was 

assigned a score of 1 0, the second 9, and so on. The scores were then 
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summed up for each habitat attribute according to its position for each 

species group. 

In order to compare bird numbers from sites with as homogeneous 

vegetation as possible, sites were differentiated by age and distance 

from source areas. The number of species and bird density trends from 

sites with native vegetation were analysed separately from sites with 

exotic vegetation and from those on public parks, schools and colleges. 

7.3 RESULTS 

7.3.1 Trends in species richness and bird density with increasing age 

of suburb and distance from source areas 

To show how the number of species and bird density were influenced by 

both the age of suburb and the distance of sites from source areas, the 

number of species and bird density at each distance class were plotted 

against age (Figure 7.1), Only the sites from street gardens with 

predominantly native vegetation are included in Figure 7.1. The 

numbers of bird species and their density for all the sites are shown 

in Appendices V and VI. These data show that the numbers of species 

and bird density decreased with distance from source areas and 

increased as the suburbs aged. 

7. 3. 1.1 Total species numbers and monthly bird density 

Figure 7.1 shows that the number of species increased with age, but 

decreased with distance of sites from source areas. The closest sites 

to source areas registered higher numbers of species than those further 

away. However, the numbers decreased rapidly to remain stable between 

sites of O. 75 km and 1.5 km away. The differences in the number of 

species between Q. 75 km sites and 1,5 km sites were not markedly 

different. 

Figure 7.1 shows a steady increase in the number of species as the age 

of the suburbs increased but only up to 12 year old suburbs. The 

number of species decreased from 35 species to 31 species from 2 year 

to 5 year old sites 0,05 km from source areas because most of the 5 
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year old sites sampled at that distance were more exposed to grassland 

areas than 2 year old sites which were adjoined to source areas. 

Similarly, a decrease in the number of species at 0.38 km from source 

areas on the 5 year old site was probably due to the presence of 

cluster housing in the Cook/Aranda site where the proportion occupied 

by houses was higher than for the other 5 year old sites, and appeared 

to be responsible for the lower number of species recorded at other 5 

year old sites. 

The monthly bird density also increased with age of the suburb for each 

distance class, On the other hand, Figure 7.2 does not show clearly 

the pattern of the relationship between bird density and distance of 

sites from source areas but it was still clear that sites closest to 

the source areas at 0.05 km and 0.18 km did not differ greatly in their 

bird density patterns. Similarly, sites further from source areas at 

O. 75 km and 1,5 km from source areas showed lower bird density patterns 

than for those near source areas. The differences in bird density 

between 0,05 km to 0.18 km and 0.75 km to 1,5 km were less obvious in 

younger suburbs of 1-2 years to 12 years than at 20 year to 30 year old 

sites, The density of birds on sites 0,38 km from source areas 

fluctuated for all age groups. It was very low for 5 year old sites 

and younger but increased dramatically for 12 year old sites. This was 

attributed to the presence of feeders and a public park closer to one 

of the sites. 

7,3, 1,2 Open-forest and woodland species 

Open-forest and woodland species formed the major group of species that 

were responsible for the variations in species richness with (1) 

increasing distance of sites from source areas and (2) increasing age 

of sites. Figure 7.3 shows that the numbers of open-forest and 

woodland species increased with suburb age at each distance up to 12 

year old sites and decreased with increasing distance from source 

areas. These data show clearly that the number of open-forest and 

woodland species decreased with distance from open forest/woodland 

source areas, Although the increases in the number of open-forest and 

woodland species with age were not very large, Figure 7.3 shows that 

for all the distance classes the species numbers increased up to 12 
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years before stabilizing at 20 year and >30 year old sites. Figure 7.3 

also shows that the number of species on sites closest to source areas 

showed the smallest response to increasing suburb age, a factor 

attributed to the close relationship between the vegetation in source 

areas and that at 0.05 km from the source areas. The influence of the 

proximity of the source areas was also reflected in the rapid decrease 

in the number of species on sites closest to source areas at 0.05 km 

and 0.18 km than on sites furthest away at 0.75 km and 1.5 km, Such 

rapid changes in the number of species from the source areas to the 

suburban sites was most likely due to the edge effect between two 

markedly different habitats (Kroodsma 1980, cousin 1982). 

The density of open-forest and woodland birds generally increased with 

age for each distance class (Figure 7.4). There were very small 

differences in density between sites of different distance classes up 

to 12 year old sites, which suggests that the distance of sites from 

source areas did not have a marked influence on density in suburbs of 

up to 12 years. Nevertheless, Figure 7,4 shows clearly that for the 

sites in suburbs of 20 year and > 30 years that were closest to the 

source areas {i.e. 0.05 km and Q.18 km), had a higher bird density than 

the sites furthest away at 0.75 km and 1.5 km. Although the density 

for source areas was not plotted with these data, they were higher than 

all of the suburban sites of 12 years and below but lower for those 

suburban sites older than 12 years (Appendix VI). 

In general, the four figures show that both bird species richness and 

bird density responded to the aging of the suburbs and the proximity of 

sites from source areas. It was likely that some of these responses 

were as a result of other habitat attributes, including those 

associated the vegetation components, to which the age of suburbs acted 

as an index of change. 

In order to determine which habitat attributes were most important, 

multiple regression was used to rank them in the order of importance as 

determined by the significance of their influences. Since suburb age 

was shown to be interrelated with the habitat attributes measured it 

was excluded from this analysis. 
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FIGURE 7.1 The mean total number of bird species censused from June 

1982 to May 1983 shown in relation to age of suburb (yrs) and the five 

site distance classes of 0.5 km, 0.18 km, 0.38 km, 0.75 km and 1.50 km 

from the nearest open-forest/woodland source area. 
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FIGURE 7.2 The monthly mean density of birds censused from June 1982 

to May 1983 shown in relation to age of suburb (yrs) and the five site 

distance classes of 0.05 km, 0.18 km, 0.38 km, O. 75 km and 1.50 km from 

the nearest open-forest/woodland source area. 
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FIGURE 7.4 The monthly mean density of open-forest and woodland 

species of birds censused from June 1982 to May 1983 shown in relation 

to age of suburb (yrs) and the five site distance classes of 0.05 km, 

0.18 km, 0.38 km, 0.75 km and 1.50 km from the nearest open

forest/woodland source area. 
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7.3.2 Attributes of the suburban environment that are most 

significant in determining bird species richness and density 

7.3,2.l Total species richness and bird density 

In order to determine the optimum number of habitat attributes 

responsible for variations in the numbers of all species and their 

density, the numbers of species in the derived species groups at a site 

were added together and a step wise regression undertaken. The habitat 

attributes selected by the step wise regression at this stage were 

considered as the optimum number of variables that could be 

manipulated. A similar test was undertaken for the monthly density 

for all species. 

Table 7.1 shows the attributes selected as the major ones responsible 

for variations in the number of species observed at any one of the 

sites. Seven habitat attributes; namely% total foliage cover, distance 

from source area, % foliage cover 1-2 m, % lawn cover, % foliage cover 

2-4 rn, foliage height diversity and% cover 0-1 m accounted for 72% of 

the variation in species richness in suburban sites. Of these only % 

cover lawn and distance were negatively correlated with the total 

number of species. The first variable selected, % total cover 

accounted for 53% of the variation in species richness and the other 

six variables only accounted for 19%. The presence of only the lower 

height classes of 0-1 m to 1-2 m among the variables selected indicated 

the importance of the lower foliage height classes for suburban birds. 

The appearance of foliage height diversity only second from the last 

variable selected showed that maybe foliage height diversity was not a 

very important attribute for suburban birds. 

The list of variables selected for bird density was somewhat different 

from that selected for species richness because only% lawn cover, 

foliage height diversity and distance were selected for both species 

richness and bird density (Table 7.1 ), 
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'mB[E 7.1 ClDDulati.ve z2- values f.nxtl the step wise regressicn analyses between total 

species, m:nt:hly density and habitat att.rililtes. 

r" = p<0.05 r"* =P<0.01 d.f. 51 

'IDl'AL "NtMBER OF Sl?OCIES 

Habitat 

Att.rib.l.te 

% Foliage total CtJver 

Distance frcm oource 

area (km) 

% Foliage CXNer 1-2 m 

% Iawn cover 

% Foliage 00\Ter 2-4 m 

Foliage height 

diversity 

% Foliage cover 0-1 m 

Clllrulative Sinple 

?- r 

0.53 0.79** 

0.59 -0.31* 

0.63 0.65** 

0.67 -0.10 

0.69 0.59** 

0.71 0.51** 

o. 72 0.44** 

'IDl'AL ~ MN.mLY BIID DENSI'IY 

Habitat 

Attrililte 

Clllrulative Sinple 

r 

% Foliage CCNer >12m 0.30 0.49** 

% Iawn cover 0.45 0.28* 

Distance fran oource 0.55 o.25 
area 

% House CCNer 0.57 -0.28* 

% Native foliage cover 0.58 0.45** 

Foliage height diversity O. 60 0.48** 

% M.ll.ch cover 0.62 -0.25 

Percentage foliage cover >12m was selected as the most influential 

attribute for density and accounted for 30% of the variation in density 

for all species. Percentage lawn cover, distance, % cover house, % 

native foliage cover, foliage height diversity and% mulch cover only 

accounted for another 32% of the variation in density for which all the 

variables selected accounted for 62%. 

Since all the species observed were included in the analysis, the 

attributes selected in Table 7.1 are considered as the optimal 

variables responsible for the variation in species richness and bird 

density in the suburban areas in Canberra. 

90 



7.3. 2.2 Open-forest species and their density 

Table 7.2 shows that the number of open-forest species were most 

related to, in the order of importance, % native foliage cover, 

distance, foliage height diversity, % pavement cover, % foliage cover 

1-2 m, % foliage cover >12 rn. All of these relationships were positive 

except for the negative correlations with the distance of sites from 

source areas and% pavement cover. The strongest relationship was 

between the number of open-forest species and % native foliage cover 

which accounted for 56% of the variation in the number of open-forest 

species. For the density of open-forest birds it was% foliage cover 

>12 m which had the strongest relationship and accounted for 60% of the 

variation in bird density of open-forest species. Table 7,2 indicates 

that, in the order of importance, % foliage cover > 12 m; 1-2m; % lawn 

cover, top height; % foliage cover 2-4 m, % house cover; % native 

foliage cover and foliage height diversity were the most important 

habitat attributes responsible for the variation in the density of 

open-forest species. The presence of distance from source areas among 

the first two attributes selected for open-forest species indicates 

the importance of the proximity of source areas on the numbers of open

forest species. The presence of height class 1-2 m and >12 m among the 

variables selected for both species richness and bird density of open

forest species in Table 7.2 highlighted the importance of higher and 

lower vegetation height classes for open-forest species, 
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TABLE 7.2 Cumulative r 2 values from the step wise regression analysis 

between the number of open-forest species and their density and 

suburban habitat attributes. 

r* = p<0.05 

CHN-FORE:Sr SPECIF.s NUMBERS 

Habitat 

Attributes 

% Native foliage 

cover 

Distance fran 

source areas 

Foliage height 

diversity 

% Pavanent cover 

% Foliage oover 

1-2rn 

% Foliage cx:.,ver 

>12m 

Foliage height 

diversity 

Omtulative 

r2 

0.56 

0.64 

0.70 

0.72 

0.74 

0.75 

o. 79 

Simple 

r 

0.81** 

-0.54** 

0.48** 

-0.58** 

o.75** 

0.68** 

0.46** 

r** == P< 0.0 1 d.f.= 51 

OPEN-FORESI' MCNIHLY BIID DENSI'lY 
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Habitat 

Attributes 

% Foliage cover 

>12m 

% Foliage cover 

1-2m 

% Iawn cover 

Top height 

% Foliage et:Ner 

2-4m 

% lbuse cover 

Omtulative 

r2 

0.60 

0.69 

0.72 

0.75 

0.77 

0.78 

Simple 

r 

0. 85** 

0.67** 

0.31* 

0.55** 

0.48** 

-0.38** 



7.3.2.3 Woodland species and their density 

Percentage native foliage cover and distance from source areas still 

emerged as the habitat attributes most related to the numbers of 

woodland species and were responsible for 59% of the variation in the 

number of woodland species (T-able 7.3). The rest of the attributes 

were responsible for another 7%. A new attribute that was observed for 

woodland species and not for open-forest species was% lawn cover. 

Only distance of sites from source area and % lawn cover were 

negatively correlated with the number of woodland species. The habitat 

attributes that were found to account for 66% of the variation in the 

density of woodland species were as follows: % foliage cover 8-12 

metres, % mulch cover,% foliage cover 1-2 m and >12 m; % lawn cover, 

top height and distance of sites from source area. This list contained 

only 7 attributes and accounted for 67% of th-e variation in bird 

density of woodland species. The number of attributes may indicate the 

high tolerance by woodland birds to changes brought about through 

suburban development. The distance of sites from source areas was the 

least important attribute for the density of woodland birds and 

negatively r~lated, but nevertheless the second most influential 

attribute for numbers of woodland species (Table 7.3). For both 

density and species richness of woodl~nd species about 34% of the 

variations was unaccounted for by the variables selected. 
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TABLE 7.3 Cumulative r 2 values from the step wise regression analysis 

between the number of woodland species and their density and suburban 

habitat attributes. 

r* P<0.05 r** = P<0.01 d.f.= 51 

WXDIAND SPEX:IES MJNlllLY BIID DENSITY' 

Habitat Omlulative S:inpl..e Habitat Omlulative Sinple 

Attriru:tes r!- r Attr:irutes r!- r 

% Native foliage ca.re.r 0.52 o.72** % Foliage cover S-12m 0.41 0.57** 

Distance fran source 0.59 -0.57** % Mulch rover o.s1 0.21 

areas 

Foliage height diversity 0.63 0,46** % Foliage rover 1-2m 0.54 0.21 

% Foliage corer 1-2m 0.64 0.67** % Foliage cover 4~ 0,62 0.41** 

% Lawn cx,ver 0.66 -0.13 % Lawn cover 0.65 0.45** 

Top height 0.66 0,34* 

Distance fran swrce 0.67 -0.39** 

areas 
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7.3. 2.4 Combined open-forest and woodland species groups 

The habitat variables most significantly corr~lated with the combined 

number of open-forest and woodland species and their density are listed 

in Table 7.4. It was evident that, the habitat variables most related 

with the numbers of open-forest and woodland species were:- % total 

foliage cover, % pavement cover, distance and % foliage cover > 12 m, 

all of which accounted for 63% of the variation observed in the number 

of open-forest and woodland species. The remainder of the four 

variables accounted for another 9% of the 72% accounted for by the rest 

of the variables selected; namely, % foliage cover 1-2 m, % native 

foliage cover, % foliage cover 8-12 m and% house cover. Only% 

pavement cover, distance and% house cover were negatively related to 

species number. 

Of the five habitat variables selected as the most related with the 

density of open-forest and woodland species:-% foliage cover >12 m, % 

foliage cover 1-2 m, % lawn cover, % native foliage cover and% house 

cover accounted for 72% of the variation in density of this combined 

species group. Percentage pavement cover and foliage height diversity 

only accounted for an additional 3%. Foliage height diversity was shown 

to account for the least variation in density. The list of the habitat 

variables showed some differences in the order of precedence for number 

of species as compared with that for density, but in both cases there 

were five common attributes. The absence of distance from the 

variables selected as accounting for the variation in bird density of 

this group meant that distance had little or no influences on the bird 

density of the combined open-forest and woodland species group. 

Nevertheless for both density and species richness% foliage cover 1-2 

m and >12 m had significant influences. 
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TABLE 7.4 cumulative r 2 values from the step wise regression analysis 

between the numbers of open forest and woodland species, their density 

and suburban habitat variables. 

r* = P<0.05 r** = P<0.01 d.f.= 51 

O:EEN-FORESI' AND wo:mAID Sil&:IF.S NUMBERS 

Habitat 

Attribute 

% Total foliage corer 

% Pave.nent cover 

Distance fian oource 

area (km) 

% Foliage co.rer > 12m 

% Foliage cover 1-2m 

% Native foliage C011er 

% Foliage cover 8-12m 

% lbuse c:over 

Q.mu.tl.ative 

r?-

0.43 

o.53 

0.60 

0.63 

0.67 

0.70 

0.11 

0.72 

r 

0.71** 

-0.59** 

-0.47** 

0.67** 

0.65** 

0.69** 

0.43* 

-0.48** 
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omN-FORESr AID WCXDIAN) SPEcrES MN.IHLY 

BIRD ~srl'Y 

Habitat 

Attribute 

% Foliage co.rer >12m 

% Foliage cover 1-2m 

% I.awn cover 

% Foliage native rover 

% House COiler 

% Pavarent cover 

Foliage height diversity 

0.51 

0.58 

0.68 

0.70 

0.72 

0.74 

0.75 

r 

0.78** 

o.59** 

0.13 

0.67** 

-0.38** 

-0.39** 

0.46** 



7.3.2.5 Grassland and exotic species richness 

Compared to open-forest species and woodland species few grassland and 

exotic species were recorded. Of the 24 grassland species, only 13 of 

them were specifically grassland species with the rest being 

categorised as both grassland and woodland species or grassland and 

exotic species. Only seven exotic species were recorded. Despite the 

small number of species observed in these two groups their numbers were 

still subjected to the step wise regression in order to determine the 

habitat attributes that yielded the least squares best fit equation for 

the multiple regression between grassland and exotic species, and 

habitat attributes. The results of these regressions indicated that, 

there were four and six habitat attributes that were selected as 

yielding the least squares best fit equation for grassland and exotic 

species groups respectively.These habitat attributes selected are shown 

in Table 7.5. 

The coefficient of determination (r2 ) shown in Table 7.5 indicates that 

the list of the habitat attributes selected for grassland species were 

only responsible for 26% of the variation in the number of grassland 

species. Nevertheless, % mulch cover, foliage height diversity, % lawn 

cover, % foliage cover 1-2 m, % pavement cover and % native foliage 

cover, were shown to be responsible for 66% of the variation in the 

numbers of exotic species. This suggests that the numbers of exotic 

species were more responsive to changes in habitat attributes related 

to the ground features such as% mulch cover, % lawn cover and% 

pavement cover. Even then, foliage height diversity,% cover 1-2 m and 

% native foliage cover were important habitat attributes for exotic 

species. Although there were not many grassland species recorded their 

numbers appeared to be related to the lower foliage height classes and 

ground features such as% mulch cover, % lawn cover and% house cover. 

These results did suggest than the habitat changes brought about by 

suburban development was of no benefit to most native grassland 

species, although there were indications of positive responses by some 

grassland species such as Galah, Australian Magpie, Common Bronze-wing 

and the Australian Magpie-lark, to the percentage of area covered by 

lawn and mulch. Overall, the numbers of exotic species was positively 

correlated with the percent foliage cover of the lower height classes, 

such as% lawn cover, % foliage cover 1-2 m and % total foliage cover. 
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TABLE 7.5 Cumulative r 2 values from the step wise regression analysis 

between the numbers of grassland species and exotic species and 

suburban habitat attributes. 

r* = P<0.05 r** P<0.01 d.f. = 51 

GRASS[AID SPECIES NT.MBERS EXOTIC SPEx:::IFS NlMBERS 

Habitat Cl!Iulative Smlple Habitat Omulative Smple 

Attr:il:utes r2 r Attr:iJ:utes r2 r 

% lawn C01Ter 0.12 0.35* % Mulch CXNer 0.36 0.59** 

% Foliage aover 1-2m 0.20 -0.20 Foliage height 0.53 0.28 

diversity 

% Mulch cover 0.23 -0.13 % lawn caver 0.59 o.59** 

% lbuSe cover 0.26 -0.22 % Foliage cover 1-2m 0.61 0.01 

% Pavanant CCNer 0.64 0.25 

% Native foliage 0.66 -0.17 

COITer 

The habitat variables most related to the density of grassland and 

exotic species were related to the vegetation habitat attributes 

especially the % lawn, % foliage cover 8-12 m and top height (Table 

7.6). Most other attributes selected for density of grassland birds had 

negative correlations. over all, the eight habitat attributes listed 

for the density of grassland species accounted for only 61% of the 

variation in their density. 

Similarly, the habitat attributes accounting for most of the variations 

in the density of exotic birds were still those related with the ground 

features (Table 7.6) and included% mulch cover, % foliage cover 1-2 m, 

% native foliage cover, % house cover and% pavement cover which all 

accounted for only 42% of the variations in the density of exotic 

birds. Such a low coefficient of determination indicated that there 

were other habitat featureij such as breeding and .roosting sites that 

were responsible for variations in the density of the exotics. 
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TABLE 7.6 Cumulative r 2 values from the step wise regression analysis 

between the density of grassland and exotic birds and suburban habitat 

variables. 

r* = P<0.05 r** = P<0.01 d.f.= 51 

GRASSI.AW ~ MJNlllLY BIIO DENSITY ElOTIC M:NlHLY BIR> DENSITY 

Habitat Cmtulative Simple Habitat Oml.llative Sitipl.e 

Attributes r2 r Attributes r2 r 

% lawn COiler 0.29 o.53** % Mulch COifer Q.17 -0.42** 

% Foliage oover 8-12rn 0.33 0.35* % Foliage oover 1-2rn 0.29 0,26 

'lbp height 0.44 -0-14 % Native foliage COiler 0,37 -0.40** 

% Pavarent oover 0.48 -0.12 

% Foliage cover >12rn 0.50 -0.02 % House cover 0,40 o. 11 

% Native foliage C011er 0.54 0.21 

% Foliage oover 1-2rn 0.57 -0.10 % Pavem:mt r.:,::,ver 0.42 0.20 

% Foliage COier 4-em 0.61 0,28* 

7.3.3 Stepwise regression weighted rank scores of habitat attributes 

So far step wise regressions have been conducted and it was shown how 

the influential habitat variables selected for each species group were 

unique to each species group and how the ranking of such attributes 

changed between species richness and bird density for the same species 

group. Since the variables selected came from the same group of 

habitat variables each time a step wise regression was conducted, the 

habitat variable selected more frequently than others would most likely 

be the most important attributes for birds in the suburbs studies, 

Therefore to further rank the habitat variables selected by the 

stepwise regression, the variables selected for each regression of each 

species group were weighted by assigning a score to each variable 

selected depending on its position as described in section 1 .• J.2.1 of 

this chapter. 
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Thus the ranked scores for each habitat attribute showed the relative 

importance of each in relation to the number of times selected in the 

step wise regressions (Appendix 7 ). 

The ranking of the attributes in this order showed that out of the 

eight habitat attributes with the highest scores (Table 7.7) four were 

associated with the vegetation components. Two of the remaining four, 

were% lawn cover and% mulch cover, distance of sites from source 

areas and% pavement cover were the main attributes with negative 

correlations. Percentage foliage cover 1-2 m had the highest score of 

82 and% cover pavement and house had the lowest score of zero. 

TABLE 7.7 Habitat attributes used in the analyses and their relative 

position in relation to the points scored from regression models of 

best fit of the four species groups as well as for the overall number 

of species recorded. 

POSITION HABITAT ATTRIBUTE TOTAL POINTS SCORED COMMENT 

----------------------------------------------------------------------
1 % Foliage cover 1-2m 82 MOST 

2 % Lawn cover 72 IMPORTANT 

3 % Native foliage cover 56 ATTRIBUTES 

4 % Foliage cover >12m 48 

5 Distance from source area 47 

6 % Mulch cover 44 

7 Foliage height diversity 43 

8 % Pavement cover 40 

9 % House cover 30 LESS 

10 % Foliage cover 8-12m 23 IMPORTANT 

11 % Total foliage cover 20 ATTRIBUTES 

11 Top height 20 

13 % Foliage cover 2-4m 11 

14 % Foliage cover 4-Bm 10 

15 % Foliage cover 0-1m 4 

16 % Pavement+ House cover 0 
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7.4 DISCUSSIOH ARD CORCLUSIONS 

The analyses show that there was a combination of habitat attributes 

that were responsible for variation in species numbers for each of the 

derived habitat groups. In most cases there were differences in the 

combination of habitat attributes selected between species numbers and 

density of the same species group. These attributes are shown in 

Tables 7.1 to 7.7. These tables show that the variations in the number 

of species of all the species groups, including grassland and exotic 

species was a response to spatial and temporal changes caused by very 

closely related habitat attributes. Percentage foliage cover 1-2 m was 

found to be the most frequent attribute positively related to the 

number of species for all the species groups. 

The total vegetative cover in the form of% native foliage cover, % 

foliage cover 1-2 m, % foliage cover >12 m and foliage height diversity 

accounted for a higher proportion of the variation in species richness 

and bird density than any other combination of habitat variables 

(Appendix IV). 

The habitat attributes that enhanced open-forest species were those 

associated with the vegetation components. Although distance of sites 

from source areas was very strongly correlated with open-forest species 

richness (Table 7.2), The habitat attributes correlated with woodland 

species richness included distance of sites from source areas which was 

selected as the second most important attribute. There were five 

habitat attributes included in the multiple regression model for the 

number of woodland species (Table 7.3). Seven variables were included 

for the density of woodland birds, suggesting that density was related 

to a wider range of habitat attributes than those shown for species 

richness. 

Although four attributes were selected as most significant attributes 

in influencing the numbers of grassland species they only accounted for 

26% of the variation (Table 7.5). On the other hand, only 34% of the 

variation in the exotic species richness was unaccounted for and the 

combination of the habitat variables selected for the regression model 

was quite different, with% mulch cover accounting for 36% of the total 

101 



66% accounted for by the 6 variables selected. For the exotic species, 

the lower foliage height classes of 1-2 m seemed to be an important 

variable and so was foliage height diversity and% native foliage 

native. Habitat attributes associated with paved surfaces, lawn, and 

mulch featured quite prominently in the list of attributes selected for 

causing the variations in the density of exotic birds (Table 7.6). The 

list of habitat variables selected accounted for only 42% of variation 

in the density of exotic species. 

It was pointed out earlier that the purpose of conducting the step wise 

regression was to rank the habitat attributes examined, in the order of 

importance for each species group. The first clear attempt to solve 

this problem was to combine the different groups of species and 

determine the important habitat variables in one analysis. The 

variables in Table 7.1 were regarded as satisfying the requirements of 

all species groups. The lists of habitat attributes shown in Table 7.4 

and Table 7.1 were selected as the most important variables for open

forest and woodland species and for all species groups respectively as 

determined by the selection of the variables that yielded the least 

squares best fit equation in the step wise regression. However, a 

method used by De Graaf ( 1978) was used for further ranking habitat 

variables selected by a step wise regression. The attributes selected 

for each species group in the step wise regression were weighted by 

assigning a score to each attribute in elation to its position in the 

step wise regression order. The scores were then summed up for each 

habitat attribute according to its occurrence for each species group. 

The ranking in Table 7,7 of the habitat attributes tested in relation 

to the points scored by each attribute showed the order of importance 

of the 16 attributes tested in all the analyses undertaken during the 
study. 

In conclusion, this analysis has shown that relationships between 

s~ecies richness, bird density and suburban habitats do not depart 

significantly from other similar studies carried out in Wagga Wagga and 

Townsville (Jones 1981, 1983) and Canberra (Stein 1982), as well as the 

more recent study by Green (1984), One of the new discoveries about 

some of the habitat attributes was the importance of proximity of 

suburbs to source areas for all species groups except exotic species 
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(Figures 7.1 to 7.4). There were differences observed in the ranking 

of habitat attributes between species numbers and density of the four 

species groups. Paved surfaces, including proportion of area covered 

by houses, were negatively related with most species groups except 

exotic species. 
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APPENDIX I 

LIST OF 61 SITES WITH THEIR CODE JIUMBER, AGE AND 

DISTAIICE FROM OPEN FOREST/WOODLAND SOURCE AREAS. FORTY SEVER ARB 

LOCATED ON STREETS, SIX IN PARKS, SCHOOLS ARD COLLEGES ARD SEVEN IN 

SOURCE AREAS. 

----------------------------------------------------------------------
Site Code 

Number 

Site 

Location 

Age of Site Distance from Suburb 

(Yrs) Source Area (km) 

----------------------------------------------------------------------
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Bruce Ridge 

Bruce Backyard Alley 

Portus-Place Street 

Jaeger Street 

Lytleton Crescent 

Sexton Street 

Dexter Street 

Fitzhardinge Crescent 

Sharwood Crescent 

Black Mountain 

Cook Backyard Alley 

Wybalena Grove 

Bourne Street 

Dugdale Street 

Brunswick Circut 

Shannon Circut 

Greenough Circut 

Florentine Circut 

Evatt Primary School 

Grounds 

Gungahlin Woodland 

Canberra College of 

Advanced Education 

TAFE College 

1 

1 

2 

2 

2 

2 

2 

5 

2 

5 

5 

5 

5 

5 

5 

5 

12 

5 

Aranda Backyard Alley 12 

Barada Crescent 12 
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o.o 
o.os 
0.18 

0.18 

0.38 

0.75 

0.75 

1.50 

1. 50 

o.oo 
0.05 

0. 18 

0.38 

0.38 

0.75 

0.75 

1.50 

1.50 

1. 50 

o.oo 

0.38 

0.75 

o.os 
0. 18 

Source Area 

South Bruce 

II 

II 

Cook 

II 

11 

Evatt 

II 

Source Area 

cook 

II 

" 
" 

Kaleen 

" 

II 

" 
Source Area 

Bruce 

Belconnen 

Town Centre 

Aranda 

" 



----------------------------------------------------------------------
Site Code 

Number 

Site 

Location 

Age of Site 

{Yrs) 

Distance from Suburb 

Source Area (km) 

----------------------------------------------------------------------
25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

Mirning Crescent 

Jalanga Crescent 

Gidabal Street 

Bindaga Street 

Bindubi Street 

Bennelong Crescent 

Elizabeth Crescent 

12 

12 

12 

12 

12 

12 

12 

Stewart Street 12 

Horsley Street 12 

Macquarie Primary 20 

School 

Ainslie/Majura Hills 

Hackett Backyard Alley 20 

Rivett Street 20 

Mackenzie Street 20 

French Street 20 

Gilbert Street 20 

Stanley Street 20 

Newton Street 20 

Phillip Avenue 20 

Burn Street 

Ainslie Backyard 

Alley 

Duffy Street (I) 

Duffy Street {II) 

Campbell Street 

Patterson Street 

Bonney Street 

Angus Street 

David Street 

Macleay Street 

Corroboree Park 

Haige Park 

Northbourne Avenue 
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20 

>30 

>30 

>30 

>30 

>30 

>30 

>30 

>30 

>30 

>30 

>30 

>30 

0.18 

0.38 

0,38 

0.75 

0.75 

1.50 

1. 50 

1.50 

1. 50 

1. 50 

o.oo 
0.05 

0. 18 

o. 18 

0.38 

0.38 

0,75 

0.75 

1. 50 

1.50 

0.05 

0 .18 

0.18 

0.38 

0.38 

0,75 

0.75 

1.50 

1. 50 

0.75 

0.75 

1. 50 

Aranda 

" 
" 

" 

" 
Macquarie 

Melba 

Macquarie 

Source Area 

Hackett 

" 

II 

" 
" 

Downer 

" 
Ainslie 

" 

" 

" 
II 

Turner 

" 
Ainslie 

" 
Braddon 



----------------------------------------------------------------------
Site Code 

Number 

Site 

Location 

Age of Site Distance from Suburb 

(Yrs} Source Area (km} 

----------------------------------------------------------------------
58 Moore Street 

59 Black Mountain 

60 Botanical Gardens 

Upper Slopes 

61 Botanical Gardens 

Lower Slopes 

62 Mitchell Grassland 

>30 1. 50 

o.oo 

0.05 

0.05 

Turner 

Source Area 

II 

II 

Grassland 

Area 

----------------------------------------------------------------------
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APPENDIX II 

RECOMMRIIDBD ENGLISH ll!IAIIES AND SCIEHTIFIC NAMES OF TIIB 99 BIRD SPECIES 

RECORDED IN 'l'IIE STUDY AREA FRODI JUNE 1982 - MAY 1983. 

Family ARDEID.U: 

White-faced Heron 

Cattle Egret 

Fam i 1 y PLATALEIDAE 

Glossy Ibis 

Sacred Ibis 

Straw-necked Ibis 

Family ANATIDAE 

Pacific Black Duck 

Family ACCIPITRIDAE 

Black-shouldered Kite 

Brown Goshawk 

Collared Sparrowhawk 

Family FALCONIDAE 

Australian Hobby 

Brown Falcon 

Australian Kestrel 
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Ardea novaehollandiae 

Ardeola ibis 

Plegadis falcinellus 

Threskiornis aethiopica 

Threskiornis spinicollis 

Anas superciliosa 

Elanus notatus 

Accipiter fasciatus 

Accipiter cirrhocephalus 

Falco longipennis 

Falco berigora 

Falco cenchroides 



Family TORNICIDAE 

Quail 

Family CBARADRIID.AE 

Masked Lapwing 

Banded Lapwing 

Feral Pigeon 

Common Bronzewing 

Crested Pigeon 

Gang-gang Cockatoo 

Galah 

Family COUJMBIDAE 

Family CACA'l"UIDAE 

Sulphur-crested Cockatoo 

Family POLYTKLITIDAE 

Australian King-Parrot 

Family PLATYCERCIDAE 

Crimson Rosella 

Eastern Rosella 

Red-rumped Parrot 
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Turnix sp. 

Vanellus miles 

Vanellus tricolor 

Columba livia 

Phaps chalcoptera 

Ocyphaps lophotes 

Callocephalon fimbriatum 

Cacatua roseicapilla 

Cacatua galerita 

Alisterus scapularis 

Platycercus elegans 

Platycercus eximius 

Psephotus haematonotus 



Family CUCULIDU 

Pallid Cuckoo 

Fan-tailed Cuckoo 

Horsefield's Bronze-Cuckoo 

Family STRIGII>ll 

Southern Boobook 

Family ALCEDINIDAE 

Laughing Kookaburra 

Sacred Kingfisher 

Dollarbird 

Singing Bushlark 

Skylark 

Welcome Swallow 

Tree Martin 

Richard's Pipit 

Family CORACIIDAE 

Family ALAUDIDAE 

Family HIRDNDD1IDAB 

Family MOTACILLIDAE 
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Cuculus pallidus 

Cuculus pyrrhophanus 

Chrysococcyx basalis 

Ninox novaeseelandiae 

Dacelo novaeguineae 

Halcyon sancta 

Eurystomus orientalis 

Mirafra javanica 

Alauda arvensis 

Hirundo neoxena 

Cecropis nigricans 

Anthus novaeseelandiae 



Family CAMPEPIIAGIDAE 

Black-faced Cuckoo-shrike 

White-winged Triller 

Family MUSCICAPIDAE 

Blackbird 

Flame Robin 

Scarlet Robin 

Red-capped Robin 

Eastern Yellow Robin 

Jacky Winter 

Olive Whistler 

Golden Whistler 

Rufous Whistler 

Grey Shrike-thrush 

Leaden Flycatcher 

Satin Flycatcher 

Rufous Fantail 

Grey Fantail 

Willie Wagtail 

Family SYLVIIDAE 

Rufous Songlark 

Family IIAUJIUDAE 

Superb Fairy-wren 
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Coracina novaehollandiae 

Lalage sueurii 

Turdus merula 

Petroica phoenicea 

Petroica multicolor 

Petroica goodenovii 

Eopsaltria australis 

Microeca leucophaea 

Pachycephala olivacea 

Pachycephala pectoralis 

Pachycephala rufiventris 

Colluricincla harmonica 

Myiagra rubecula 

Myiagra cyanoleuca 

Rhipidura rufifrons 

Rhipidura fuliginosa 

Rhipidura leucophrys 

Cinclorharnphus mathewsi 

Malurus cyaneus 



Family ACANTHIZIDAE 

White-brewed Scrubwren 

Speckled warbler 

Weebill 

Western Gerygone 

White-throated Gerygone 

Brown Thornhill 

Buff-rumped Thornhill 

Yellow-rumped Thornhill 

Yellow Thornhill 

Striated Thornhill 

Family REOSI'TTIDAE 

Varied Sittella 

Family CLIMACTERIDAE 

White-throated Treecreeper 

Brown Treecreeper 

Family MKLIPBAGIDAE 

Red wattlebird 

Noisy Friarhird 

Noisy Miner 

Yellow-faced Honeyeater 

White-eared Honeyeater 

Yellow-tufted Honeyeater 

Fuscous Honeyeater 

White-plumed Honeyeater 

White-naped Honeyeater 

Crescent Honeyeater 

New Holland Honeyeater 

Eastern Spinehill 
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Sericornis frontalis 

Sericornis sagittatus 

Smicrornis hrevirostris 

Gerygone fusca 

Gerygone olivacea 

Acanthiza pusilla 

Acanthiza reguloides 

Acanthiza chrysorrhoa 

Acanthiza nana 

Acanthiza lineata 

Daphoenositta chrysoptera 

Climacteris leucophaea 

Climacteris picumnus 

Anthochaera carunculata 

Philemon corniculatus 

Manorina melanocephala 

Lichenostomus chrysops 

Lichenostomus leucotis 

Lichenostomus melanops 

Lichenostomus fuscus 

Lichenostomus penicillatus 

Melithreptus lunatus 

Phylidonyris pyrrhoptera 

Phylidonyris novaehollandiae 

Acanthorhynchus tenuirostris 



Family DICAEIDAE 

Mistletoebird 

Family PARDALOTIDAE 

Spotted Pardalote 

Striated Pardalote 

Family ZOS".rEROPIDAE 

Silvereye 

Family FRDTGILLIDAE 

European Goldfinch 

Family PASSERIDAE 

House Sparrow 

Family PLOCEIDAE 

Red-browed Firetai 1 

Double-barred Finch 

Common Starling 

Common Mynah 

Family S'rtJRNIDAE 

121 

Dicaeum hirundinaceum 

Pardalotus punctatus 

Pardalotus striatus 

Zosterops lateralis 

Carduelis carduelis 

Passer domesticus 

Emblema temporalis 

Poephila bichenovii 

Sturnus vulgaris 

Acridotheres tristis 



Family ORIOLIDAE 

Olive-backed Oriole 

Family CORCORACIDAE 

White-winged Chough 

Family GRALLIHIDll 

Australian Magpie-lark 

Family ARTAKIDAE 

Dusky Woodswallow 

Family CRACTICIDAE 

Australian Magpie 

Pied Currawong 

Grey Currawong 

Australian Raven 

Family CORVIDAE 
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Oriolus sagittatus 

Corcorax melanorhamphos 

Grallina cyanoleuca 

Artamus cyanopterus 

Gymnorhina tibicen 

Strepera graculina 

Strepera versicolor 

Corvus coronoides 



APPENDIX III 

THE BIRD SPECIES RECORDED FROM JUNE 1982 TO MAY 1983 SUBGROUPED INTO 

THEIR BBOAD HABITAT PREFERENCE GROUPS. TBB 'l'OTM. HUMBER OF DIDIVIDUALS 

OF EACH SPECIES IS ALSO SHOWN. THIRTY SPECIES WERE CATEGORISED INTO 

MORE THAN ORE HABITAT GROUP. 

'lhe Broad Habitat Preference 

Sµries Groups 

!:pecies 'Ibtal Number of 

Open-forest vbxlland Grassland Exotic Individuals 

l:'pecies ~cies Species l:'pecies 

White-faoed Heral * 2 

cattle Egret * 3 

Glossy This * 1 

Sacred Ibis * 1 

straw-necked Ibis * 24 

Pacific Black Duck * 4 

Black-slv.lldered Kite * 1 

Brown GDshawk * * 1 

Collared ~ * * 13 

Australian lbl:by * * 13 

Bn'.A-m Falcon * * 4 

Australian Kestrel * 4 

Qml * 5 

Masked Lapring * 40 

Banded Iap,zi.ng * 41 

Feral Pigeon * 611 

camon~ * 46 

crested Piga:m * * 23 

Gang-gang Cockatoo * 161 

Gal.ah * * 1008 

SUlphur-crest.ed Cbckatoo * * * 236 

Australian King-Parrot * 48 

er-.imson R>sella * 1520 
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Species 

'!he Broad Habitat Preference 

Species Grcq:s 

~forest vbadland Grassland Exotic 

Species Species Species 

East.em la,e] J a * 
Red-rutped Parrot * * 
Pallid Ox:koo * * 
Fan-tailed CUckoo * 
Horsefield' s :Bra1ze-Ox:koo * 
S:>uthern Bodxx:>k * * 
I.augh:ing~a * * 
Sacred Kingfisher * 
tbllarbird * 
Singing BlShlark * 
S<ylark * * 
Wela::rce &rallcw * * 
Tree Mart.in * * 
Richard's Pipit * 
Black-facai ~ * * 
vfuite-winged Triller * 
Blackbird * 
Flane R:lb.:i..n * 
Scar let lbbi.n * * 
Red-cag;ied R>bin * 
Eastern YellcM lbbi.n * 
Jacky Winter * 
Olive W:ustler * 
Q:>lden vhistler * 
Rlfous W:ustler * * 
Grey 31ri.ke-thrush * 
~ Flycatcher * 
satin Flycatdier * 
:Rufous Fantail * 
Grey Fantail * 
Willie Wagtail * 
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Total Nmier of 

Individuals 

1304 

60 

18 

16 

21 

2 

164 

9 

29 

31 

11 

10 

15 

32 

194 

7 

509 

12 

59 

4 

14 

22 

1 

19 

96 

63 

32 

9 

7 

356 

116 



Species 

'l1ie Broad Habitat Preference 

~cies Groops 

C\)ell-forest W:xxlland Grassland EKoti.c 

Species Species Species 

Rufous Songlark * 
Slperb Fab:y-wren * 
~te-browed Scrubwren * 
~ed Wirbler * 
Weebill * * 
WestemG;uygone * 
White-throated Gerycµie * * 
Brown 'lll.arnbill * 
Buff-runped Toornb:i.11 * 
Yell~ 'IhOlllbill * 
Yell.cw 'IhJrnbill * 
striated 'Ihambill * 
Varied Sittella * 
White-throated Treecreeper * 
BroW'l Treecreeper * 
Red W:i.ttlebird * * 
Noisy Friarbird * * 
Noisy Miner * * 
Yel.1.o.,,-faced Horeyeat:er * 
Whi.te-e.ared Honeyeater * 
Yell~b.lfted lbreyeater * 
Fuscws lbneyeater * 
~te-plu:ned Honeyeater * 
Whi.te-naped Hone_yeater * 
crescent. Horeyeater * 
New Holland Honeyeater * 
F.astem. Spinebill * 
Mistletoebird * * 
Sp)tted Pardalote * 
Striated Pardalote * * 
Silvereye * 
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Total Number of 

Indi.vi<llals 

3 

596 

36 

72 

161 

7 

49 

124 

17 

1557 

107 

247 

146 

126 

2 

657 

1021 

175 

1632 

13 

2 

134 

91 

89 

18 

163 

227 

2 

1472 

1013 

4134 



'Ille Broad Habitat Preference 

~es Gro.lp:I 

Sfecies Total.Nmtier-of 

~forest W:xxlland Grassland EKotic Individlals 

Sfecies Sfecies Species Species 

European Q)ldfinch * 235 

fbuSe ~ * 6764 

Red--browe:i Firet.ail * 84 

D::luble-mrr-ed Finch * 136 

Comm. Starling * * * 6162 

c.amon Mynah * 34 

Olive-backed Oriole * 21 

White-wing:ld Olrugh * * 305 

.Australian Mi:q>ie-lark * * 750 

Dv.sky W:)Odswlllcw * * 21 

Australian Ma<);ri.e * * 1373 

Pied ~ * 1324 

Grey Q.n:rcM:ng * * 18 

Australian Riven * * 127 

'lbtal 99 56 45 24 7 38486 
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APPDIDIX IV 

WEIGHTED RARlC SCORES OF THE HABITAT ATTRIBU'.rES FROR THE STEP WISE 

REGRBSSIOBS ANALYSES FOR THE DERIVED HABITAT SPECIES GROUPS FOR BOTH 

SPECIES RICHNESS AND BIRD DBl!ISITY 

----------------------------------------------------------------------
Habitat 

variable 

Position 1 2 3 4 5 6 7 8 9 10 Total 

score 

-------------------------------------------------
Score 10 9 8 7 6 5 4 3 2 1 

----------------------------------------------------------------------
% Cover house 3 1 1 30 

% Cover pavement 1 2 2 1 40 

% Cover pavement & 

house 0 

% Cover mulch 2 1 1 1 44 

% Cover lawn 2 1 3 1 2 72 

% Foliage cover 0-1m 1 4 

% Foliage cover 1-2m 4 2 2 2 1 82 

% Foliage cover 2-4m 1 1 11 

% Foliage cover 4-Bm 1 1 10 

% Foliage cover 8-12m 1 1 1 23 

% Foliage cover >12m 3 1 1 48 

Top height (m) 1 1 20 

% Total foliage cover 2 20 

% Total native cover 2 1 1 1 3 56 

Foliage height 

diversity 1 2 2 2 43 

Distance from source 

area 3 2 1 47 

----------------------------------------------------------------------
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APPENDIX V 

MEAN TO'.rAL l!lUIIBBR OF BIRD SPECIES AND THEIR DDISITY FOR ALL SITES WITH 

RESPECT TO SUBURB AGE AND DISTANCE FBOII SOURCE AREAS. 

----------------------------------------------------------------------
Distance from Source Areas 

----------------------------------------------------------------------
Age of Suburb 

in (yrs) 0,05 o. 18 0,38 0.75 1. 5 

----------------------------------------------------------------------
<2 35 16 11 

----------------------------------------------------------------------
5 31 32 14 

----------------------------------------------------------------------
12 43 

----------------------------------------------------------------------
20 41 

----------------------------------------------------------------------
>30 37 

----------------------------------------------------------------------
Monthly Mean Density 

----------------------------------------------------------------------
Distance from Source Areas 

----------------------------------------------------------------------
Age of Suburb 

in (yrs) 0.05 0.18 0,38 0.75 1. 5 

----------------------------------------------------------------------
<2 23 12 

----------------------------------------------------------------------
5 49 32 13 

----------------------------------------------------------------------
12 49 55±8 

----------------------------------------------------------------------
20 88 

----------------------------------------------------------------------
>30 106 95±5 

----------------------------------------------------------------------
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APPENDIX VI 

BEAN TOTAL IW!IBER OF OPEN-FORBS'!' SPECIES ARD W<><>DLARD SPlllCIBS ARD THEIR 

DENSITY FOR ALL SITES WITH RESPECT TO SUBURB AGE MID DIS"l'AIICE FRO!I 

SOUBCE AREAS 

----------------------------------------------------------------------
Distance from Primary Habitat 

----------------------------------------------------------------------
Average age of 

Suburb (yrs) 0.05 0. 18 0.38 0.75 1. 5 

----------------------------------------------------------------------
<2 27 11 

----------------------------------------------------------------------
5 21 18 

----------------------------------------------------------------------
12 30 

----------------------------------------------------------------------
20 31 14 

----------------------------------------------------------------------
>30 26 

----------------------------------------------------------------------
Monthly Mean Density 

----------------------------------------------------------------------
Distance from Primary Habitat 

----------------------------------------------------------------------
Average age of 

Suburb (yrs) 0.05 0.18 Q.38 0.75 1.5 

----------------------------------------------------------------------
<2 21 8 

----------------------------------------------------------------------
5 45 31 

----------------------------------------------------------------------
12 49 

----------------------------------------------------------------------
20 85 35 

----------------------------------------------------------------------
>30 69 

----------------------------------------------------------------------
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