
ECOLOGY OF THE MONSOON-RAINFOREST 

ENDEMIC RAINBOW PITTA PITTA IRIS 

by 

Udo M. Zimmermann 

Master of Science (University of Zurich, 1991) 

Work carried out in the Faculty of Science, 

Northern Territory University 

Thesis submitted for the degree of Doctor of Philosophy 

on 24 March 1997. 



[0KTHERN TERRITORY UNVERSITY LIBRARY 



Plate 1 Rainbow Pitta in monsoon-rainforest of Kakadu National Park, Northern 

Territory of Australia. 



The work presented in this thesis is original to the best of my knowledge and belief, 

except as acknowledged in the text. The material has not been submitted either in 

whole or in part for another degree at this or any other university. 

Udo M. Zimmermann 

Sargans 24 March 1997 

© 1997 by Udo M. Zimmermann 

Städtchenstr. 17, 7320 Sargans, Switzerland 

All rights reserved. 

No parts of this thesis may be reproduced, 

in any form or by any means, 

without prior permission in writing from the author. 



III 

ABSTRACT 

The Rainbow Pitta Pitta iris is endemic to monsoon-rainforests and associated 

habitats of the Top End of the Northern Territory and the Kimberley of Western 

Australia. Colour-banding showed that birds were sedentary and mean territory size 

of pairs varied from 1.6 ha to 3.6 ha. Pittas foraged in the leaf litter, eating mainly 

ants and beetles during the dry season, and earthworms during the wet season, when 

they were superabundant. Breeding coincided with the highest abundance of 

earthworms. Three quarters (74%) of all nests were predated, but predation on eggs 

was higher in the monsoon-rainforest (60%) than in the eucalypt forest (12%). 

Experiments with radiotelemetred eggs suggest that nest predators included arboreal 

snakes and rats. Fledglings remained in their natal territory for a relatively short 

period (18 days), then apparently dispersed to other forest patches. The species was 

more abundant in wet than dry monsoon-rainforests. There was no evidence that this 

species was adversely affected by habitat perturbation by feral animals, weeds or 

fire. 

The flush of earthworms, which lasted two to three months, but varied annually 

depending on rainfall, appeared to be a key-factor in the ecology of this species, 

explaining the brevity and annual variation in the start and length of the breeding 

season, the relatively high clutch-size (mean = 3.9), weight differences of birds from 

different populations, and geographical variation in density of birds. The Noisy Pitta 

P. versicolor in northern Queensland was migratory at some sites, but appeared to be 

sedentary on Cape York Peninsula, in contrast to the Red-bellied Pitta P. 

erythrogaster, which visits this region only during the wet season to breed. This 

difference in migration status may relate to the more specialised diet of the latter 

species, being more dependent on moisture-requiring invertebrates, which were 

scarce during the dry season. 
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1.1 Background of study 

Very little ecological research has been carried out in the tropical third of Australia, 

compared to the temperate and even arid zones of this continent (Ridpath 1985). 

Monsoon-rainforests in the Top End of the Northern Territory have gained some 

attention due to their restricted occurrence as discrete patches within a vast expanse 

of eucalypt-dominated savanna. Research has focused mainly on the floristics of this 

habitat type (Bowman et al. 1991; Russell-Smith 1991: Russell-Smith & Lee 1992). 

However, little is known about the fauna of monsoon-rainforests (Kikkawa & 

Monteith 1980; Martin & Freeland 1988). 

The bird community in the monsoon-rainforests of the Top End is very 

distinct from those of adjacent vegetation types like mangroves or savanna 

(Woinarski et al. 1988, 1989). This habitat contains more bird species and more 

individuals than adjacent habitats (Woinarski et al. 1988). The avifauna of 

Australia's tropical rainforests is however much poorer in species and individuals 

than other tropical rainforests like for example the ones in the Amazon region 

(Kikkawa 1990). Many bird species in the monsoon-rainforests of the Top End are 

derived from paperbark forests and mangroves (Woinarski 1993). The species 

composition in Australia's tropical rainforests is temporally unstable, being 

associated with the marked wet-dry seasonality (Crome 1978; Johnstone & Burbidge 

1991; Woinarski & Tidemann 1991). Compared to other tropical rainforest 

avifaunas, Australia's members of this assemblage are relatively generalised with 

few specialists, which again has been attributed to the climatic variability of this 

region (Brooker et al. 1990; Crome 1990). 

Compared with their northern counterparts, Australian birds have long 

breeding seasons, lay small clutches, have a low breeding success and live long. 

These features have been related to the low seasonality of food resources in Australia 

(Woinarski 1985; Wyndham 1986; Yom-Tov 1987; Ford 1989). The environment of 

the Rainbow Pitta Pitta iris shows a marked seasonality in rainfall, affecting the food 

availability (Nix 1983; Ridpath 1985), which provides an opportunity to examine the 

relation between seasonality and life history characteristics of Australian birds. The 



Rainbow Pitta is one of the few bird species in the Top End, having a close 

association with monsoon-rainforests (Woinarski 1993), allowing an insight into 

adaptations to this habitat as opposed to those of similar bird species found in other 

habitats in the same region, and rainforest birds from other regions of Australia and 

overseas. Ecological differences between the Rainbow Pitta and other Australian 

passerines might also derive from the Asian origin of the species, which presumably 

colonised Australia only recently (Ford 1989). 

1.2 Family Pittidae 

Pittas are brightly coloured, thrush-sized, suboscine passerine birds and comprise a 

rather uniform family with a single genus Pitta. DNA hybridisation and 

morphological comparisons indicate broadbills (Eurylaimidae) to be their closest 

relatives (Raikow 1987; Sibley & Ahlquist 1990). Notwithstanding some 

discrepancy between authors as to the total number of pitta species, about 31 species 

have been described, of which most occur in South-east Asia. The distribution of 

this family extends to India, southern China, Japan, the Philippines, Solomon Islands 

and Australia. Two species occur in central Africa (Sibley & Monroe 1990). 

Pittas have a plump body, short tail and strong legs, and are therefore well 

adapted to life on the forest floor. Their often brilliant colours and secretive nature 

make them favourites of birdwatchers. Only nine species are sexually dimorphic 

(Campbell & Lack 1985). Their total length ranges from 15 cm to 27.5 cm (Glenister 

1951; Coates 1990). 

The majority of the species live in rainforests, where they feed on 

invertebrates of the leaf litter. They are normally seen alone or in pairs hopping on 

the forest floor. Their calls are short series of variably pitched whistles (Campbell & 

Lack 1985). Most species are sedentary, while others such as the Blue-winged Pitta 

Pitta moluccensis and Hooded Pitta P. sordida show local or long distance 

movements (McClure 1974; Perrins & Middleton 1985). The majority of the species 

breed during the wetter part of the year when invertebrates are said to be abundant 

(Round & Treesucon 1983; Collar et al. 1986; Round 1991). 



Although several members of this family, such as Gurney's Pitta P. gurneyi 

in Burma and peninsular Thailand, Schneider's Pitta P. schneideri in Borneo and the 

Superb Pitta P. superba on Manus Island off New Guinea, are endangered, no pitta 

species has been studied in detail so far (Round & Treesucon 1986; Hurrell 1989; 

Dutson & Newman 1991). I concentrated my study on the ecology and ethology of 

the Rainbow Pitta, a species endemic to monsoon-rainforests in the Kimberley of 

Western Australia and the Top End of the Northern Territory. Comparisons were 

made with the Noisy Pitta P. versicolor, a species found on the east coast of 

Australia and southern New Guinea, and the more widespread Red-bellied Pitta P.  

erythrogaster, which in Australia occurs only on Cape York Peninsula, during the 

austral summer months (Blakers et al. 1984). 

1.3 North Australian rainforests and their biogeographical 

classification 

Rainforests in Australia occur in strips and patches over a wide range of climatic 

conditions yet comprise little more than 20,000 km2  (Winter & Atherton 1987a). The 

monsoon-rainforests in the Northern Territory are small, discrete patches, in contrast 

to rainforests in northern Queensland, which are clearly wetter, richer in species, and 

cover a larger area. However, the rainforest flora of both regions is closely related at 

the generic level and has many species in common (Beadle 1981; Kikkawa et al. 

1981; Webb & Tracey 1981; Russell-Smith & Lee 1992). 

The tropics of northern Australia have been biogeographically classified as 

the Torresian zone, comprising mainly woodlands dominated by the Eucalyptus 

genus (Spencer 1896). This province is bounded in the south by the arid Eyrean 

zone, containing shrubland and grassland. The rainforests of the Torresian zone have 

been further separated into the Tumbunan and Irian divisions (Schodde & Calaby 

1972). The former comprises the rainforests of the east coast south of Cape York 

including the Atherton Tableland, a forest type also found in the central highlands of 

New Guinea. The Irian division consists of rainforest on Cape York Peninsula, 

lowland rainforests of New Guinea and monsoon-rainforests across the Top End of 

the Northern Territory and the Kimberley of Western Australia. Based on avifaunal 
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studies, the Top End has also been described as the Timorian or Wet Tropical zone 

(Kikkawa & Pearse 1969; Whitehead et al. 1992). 

Monsoon-rainforests of the Top End show a lower species richness of birds 

than the rainforests of northern Queensland, but accommodate more species than 

Kimberley monsoon-rainforests (Kikkawa & Monteith 1980; Woinarski et al. 1989; 

Johnstone & Burbidge 1991). Many bird species move to Top End monsoon-

rainforests when food is abundant there, while northern Queensland rainforests 

exhibit a more closed system (Kikkawa 1976, 1980). Top End monsoon-rainforests 

can be divided into lowland closed forests and sandstone closed forests. The bird 

community of lowland closed forests shows a higher density and diversity than that 

of sandstone closed forests (Woinarski et al. 1989). 

1.4 Study sites 

1.4.1 Northern Territory 

The Rainbow Pitta was studied in three lowland monsoon-rainforests near Darwin in 

the Northern Territory (see Fig. 1.1): 

(1) Fogg Dain Conservation Reserve (120  33'S, 131°  18'E), 50 km south-east of 

Darwin, is fringed by the Adelaide River floodplain. Five intergrading forest 

communities occur along an elevation gradient, of which part is inundated during the 

wet season (Bowman & McDonough 1991a). In order of increasing elevation, the 

habitats are: (a) sedgeland, (b) melaleuca forest, (c) semi-deciduous monsoon-

rainforest, and (d)-(f) three types of mixed forests with Syzygium nervosuml 

Barringtonia acutangula, Lophostemon lactifluus and Eucalyptus sp. as dominant 

tree species. A mixed forest is a combination of various distinct habitat types 

(Jackson 1928); in the present case monsoon -rai nforest and eucalypt woodland. 

These three types of mixed forests will be referred to in this thesis as Syzygiuml 

Barringtonia forest, Lophostemon forest and eucalypt forest. The latter type should, 

however, not be confused with typical coastal and sub-coastal Eucalyptus forests in 

the same region (Wilson & Bowman 1986, 1987). 
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The monsoon-rainforest at this site covers 20 ha and has been classified by 

Russell-Smith (1991) in relation to other monsoon-rainforests in the Northern 

Territory as a wet type (no. 2) associated with basic soil. The understorey of this 

forest is much more open than the same habitat at the other two major sites. This 

monsoon-rainforest is relatively poor in species, dominated by Syzygium nervosum, 

Terminalia microcarpa and Nauclea orientalis (Bowman & McDonough 1991 a). The 

eucalypt forest contains several shrub species like Exocarpos latifolius and 

Antidesrna .ghaesembilla, which are species typical of semi-deciduous monsoon-

rainforests. This habitat also includes some large monospecific stands of Pandanus 

spiralis. The canopy height of the forest reaches 22 m. 

A grid of 50 m x 50 m cells, covering all the above described forest types and 

part of the sedgeland, was established at this site by Bowman & McDonough 

(1991 a). All grid points are marked with numbered metal stakes. I concentrated my 

study on 10 ha of monsoon-rainforest, containing a board-walk, which has been built 

to make this seasonally inundated habitat accessible for tourists. 

East Point Reserve (12°  24'S, 130°  49'E), 5 km north of Darwin G.P.O., 

supports a monsoon-rainforest covering an area of 25 ha. The forest is dissected by a 

sealed road, and surrounded by coastline and an area cleared for a proposed golf-

course, a project later abandoned. The floristic type of the forest (no. 9) is associated 

with seasonally dry substrate (Russell-Smith 1991). The scarcity of water at this site 

is reflected by numerous deciduous and semi-deciduous tree species like Strychnos 

lucida and Wrightia pubescens. No species clearly dominates. The tree and shrub 

density is clearly higher than at Fogg Dam. The height of the canopy is 10 m. 

Holmes Jungle Nature Park (12°  24'S, 130°  55'E), 11 km north-east of 

Darwin, contains a 25 ha evergreen monsoon-rainforest, surrounded by eucalypt 

woodland, paperbark forest and a seasonal swamp. This site supports a permanent 

creek, and the soils of the monsoon-rainforest are therefore waterlogged all year 

round. The forest belongs to the same floristic type (no. 2) as the monsoon-rainforest 

at Fogg Dam, associated with a wet, basic substrate (Russell-Smith 1991). The 

dominant tree species is Carpentaria acuminata, forming prominent stands. Smilax 
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australis, a robust climber with thorns, is abundant in some parts of the forest and 

makes fieldwork difficult in this habitat. Most of the forest has a relatively dense tree 

and shrub layer, although there are some patches with an open understorey similar to 

that at Fogg Dam. The canopy is uneven, reaching up to 17 rn. 

Additionally, 48 monsoon-rainforests located in the western half of the 

Northern Territory were each visited once to investigate the distribution and habitat 

requirements of the Rainbow Pitta. These sites are referred to as minor sites, and 

their floristic classification is described in chapter 10. 

1.4.2 Queensland 

Five rainforests were visited in northern Queensland, all situated within the 

distribution range of the Noisy Pitta. Only the most northern site (Iron Range) is 

inhabited by the Red-bellied Pitta, and only during the wet season (Blakers et al. 

1984). Forests are classified according to Tracey (1982). 

Dunk Island - The most southern study site was at Dunk Island (17°08'S, 

146° 09'E) on the Great Barrier Reef, 5 km off the coast near Mission Beach. The 15 

ha study area was located 50-150 m asi, in the large (730 ha) Dunk Island National 

Park, and contained a mosaic of three forest types (nos. 2a, 12, 13, Tracey 1982): 

evergreen rainforest, occurring on soils of low to medium fertility; mixed forest with 

Acacia mangium and A. aulacocarpa; and mixed forest with Eucalyptus pellita, E. 

intermedia, E. tessellaris, Acacia crassicarpa, A. cincinnata, A. mangium and  A. 

flavescens. 

Lake Eachain National Park (17°  18'S, 145°  37'E) is situated on the 

Atherton Tableland, at 750 m asi. It contains a volcanic crater lake, surrounded by 

complex evergreen rainforest. The species composition in this type of forest (no. ib) 

is more complex than in any other rainforest type in northern Queensland (Tracey 

1982). This site is characterised by red basaltic soils, due to volcanic upheaval. 

Unpleasant plants associated with forest disturbance like lawyer vine Calamus sp., 

containing barbed spines, and poisonous stinging trees Dendrocnide moroides are 
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common, due to the impact of a cyclone in 1986 (Anon. 1994). The study was 

concentrated on a 10 ha strip around the lake. 

Mount Whitfield Environmental Park (160  55'S. 145°  44'E) in the 

northern part of coastal Cairns is surrounded by urban areas and reaches an elevation 

of 365 m. The park contains eucalypt woodland, grassland and rainforest. The latter 

is semi-deciduous, with the emergent southern conifer Agathis robusta. Heavy leaf 

fall occurs in this type of rainforest (no. 6) during the dry season (Tracey 1982). The 

study was carried out in a 20 ha area, on both sides of a walking track called "Blue 

Arrow Circuit". 

The Black Mountain Road (16°49'S, 1450  38'E) is located near the Baron 

River, north-east of Kuranda on the Atherton Tableland. The forest (type no. 2a) 

along this road is similar to the complex evergreen rainforest at Lake Eacharn, but 

most trees are smaller and show a more regular distribution of size classes. 

Deciduous trees are rare (Tracey 1982). This forest has some prominent stands of fan 

palms Licuala ramsayi. The study area was 400 m asl, in a 5 ha patch, 2 km north of 

the Barron River Bridge. 

Study sites: 
lEast Point and Holmes 
Jungle near Darwin 

2 Fogg Dam 
3 Dunk Island 
4 Lake Eacham 
5 Cairns 
6 Kuranda 
7 Iron Range 

Distribution: 
\Rainbow Pitta 

—Noisy Pitta 
I Red-bellied Pitta 

IV: 
Figure 1.1 Location of study sites and distribution of pitta species in Australia (Blakers  et 

al. 1984). 
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(5) Iron Range National Park (120  13S. 1430  19E) on Cape York Peninsula 

contains one of the largest lowland rainforests in Australia. I concentrated my study 

on a 15 ha area between the Claudie River and Lamond Hill, below 100 m asl, where 

both semi-deciduous and evergreen rainforests occur (Winter & Atherton 1987b). 

1.5 Climate 

There is little daily or monthly variation in temperatures in the Top End of the 

Northern Territory. Highest values are normally recorded from September to 

December. The mean maximum temperature for Darwin Airport is 31.9 °C and the 

mean minimum temperature is 23.1 T. The rainfall shows a strongly seasonal 

character (Fig. 1.2). The wet season extends from November to April and the dry 

season, covers the remainder of the year. The mean annual rainfall is 1661 mm for 

Darwin Airport and 1368 mm for Middle Point near Fogg Dam (data from Darwin 

Bureau of Meteorology; Anon. 1989). 

Figure 1.2 Comparison of rainfall pattern between study sites in the Northern Territory 

(Darwin and Fogg Dam) and in Queensland (Cairns and Iron Range). 

For Darwin, Fogg Dam, Cairns and Iron Range Meteorology Bureau rainfall data were used from 
Darwin Airport, Middle Point, Cairns and Lockhart River. 
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North Queensland, like the former region, shows little variation in 

temperatures. Highest values are recorded from November to February. The mean 

maximum temperature for Cairns is 28.9 °C, and the mean minimum temperature is 

20.7 T. Rainfall at the sites in Queensland shows greater values during the dry 

season and a later wet season than at the Northern Territory sites. The mean annual 

rainfall is 1672 mm for Malanda near Lake Eacham, 1997 mm for Cairns, 1937 mm 

for Kuranda and 2074 mm for Lockhart River near Iron Range (data from Bureau of 

Meteorology, Brisbane; Anon. 1971). 

1.6 Aims of the study 

My research of the Rainbow Pitta is the first detailed study in the Northern Territory 

on the autoecology of a vertebrate specialised on monsoon-rainforests. The lack of 

comparative ecological data for other species of pittas made generalisation difficult. 

Therefore the Noisy Pitta and Red-bellied Pitta in northern Queensland were studied. 

This approach further allowed an investigation into factors that might cause 

differences between these three species in general ecology, especially migratory 

status. 

The main questions of the study were: 

Are there any differences in morphometrics or plumage between sexes or 

populations of the Rainbow Pitta, which may have implications for the 

conservation and genetics of populations? 

What are the migratory status of the three Australian pitta species? What patterns 

of social organisation, site fidelity and survival does the Rainbow Pitta show? 

What is the abundance of other ground-foraging insectivorous birds in the 

habitats of pittas? 

What behaviour patterns do pittas show? Are there any differences in time 

budgets between the three species? 

4)Is there any seasonality in the frequency of calling by pittas? Are there different 

dialects in Rainbow Pitta populations? 

5) Are there any seasonal changes in the diet of pittas? 



What kind and abundance of food is available for pittas? Is there any seasonality 

in the abundance of food? 

Does the breeding of the Rainbow Pitta follow the pattern of other Australian 

passeriformes? 

Are the predation rates on Rainbow Pitta eggs and nestlings similar to those of 

temperate Australian birds? 

How is the Rainbow Pitta affected by fera' animals, weeds and fire? 

Which environmental factors influence the distribution and abundance of this 

species? 

10 



Chapter 2 MORPHOLOGY 

2.1 Introduction 

2.2 Methods 

2.3 Results 

2.3.1 Morphometrics 

2.3.2 Plumage and bare parts 

2.4 Discussion 



2.1 Introduction 

Wildlife research in the Northern Territory has focused on the distribution and 

habitat preferences of vertebrates, particularly mammals of floodplains (Bowman 

1991). Several studies have analysed the composition of the avifauna in particular 

areas or habitat types (Woinarski et al. 1988; Whitehead et al. 1992; Woinarski 

1993). Little is known about the ecology (autecology) of individual bird species in 

the monsoonal tropics of Australia, with the exceptions of the economically 

significant Magpie Goose Anseranas semipalmata and the threatened Gouldian 

Finch Erythrura gouldiae (Frith & Davies 1961a; Friend et al. 1988; Whitehead & 

Tschirner 1992; Woinarski & Tidemann 1992). 

Studies of pittas have concentrated on three of the eight migratory species. 

Large numbers of the Blue-winged Pitta Pitta moluccensis, Hooded Pitta P. sordida 

and Red-bellied Pitta have been caught and banded during their migration in 

Malaysia and the Philippines. However, published information is limited to 

recapture rates (McClure 1974) and no morphometrical data have been published. 

Nine pitta species out of 29 are sexually dimorphic in plumage pattern 

(Campbell & Lack 1985). The sexes of the Rainbow, Red-bellied and Noisy Pittas 

are similar in appearance (Schodde & Tidemann 1986). Woodall (1993) examined 

museum specimens of the last species, and found an increase in size with latitude, 

but no morphometric difference between sexes. 

The present chapter addresses following questions. (1) Do differences in site 

characteristics affect geographical variation in weight and morphometrics of the 

Rainbow Pitta? (2) What are the differences in morphology between the three 

Australian pitta species? (3) Is it possible to distinguish the sexes of the Rainbow 

Pitta by weight, morphometrics or plumage characteristics? (4) What are the 

differences in plumage between juvenile and adult Rainbow Pittas? (5) At what time 

of the year does the species moult? 
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2.2 Methods 

Rainbow Pittas were mistnetted, measured and banded at the three major sites, at 

least once a month from August 1992 to March 1995, to provide data on 

morphometrics and site fidelity. In addition, 26 mornings were spent on mistnetting 

at minor sites. To improve catchability, I used playback of calls to stimulate pittas to 

attack the false intruder: a tape recorder and a speaker were placed in front of each 

mistnet. Standard batteries were not sufficiently powerful to play tape recorders with 

endless tapes. Therefore, I used 90 min tapes, which played pitta calls every 5 s. 

Captured birds were weighed, measured, banded and released. Birds other 

than pittas were released immediately. Pittas were banded with one metal band 

(provided by Australian Nature Conservation Agency) and three colour bands 

(provided by Australian Bird Study Association) with individually unique 

combinations. 

Weight was measured with a Pesola spring scale to the nearest 0.5 g. The 

following standard measurements (Lowe 1989) were taken with dial callipers to the 

nearest 0. 1 mm: head-bill length, head width (behind the eyes), bill length (bill tip to 

base of skull), bill depth (from nostrils), bill width (from nostrils) and tarsus length. 

Wing span and wing length (flattened, straightened wing) were measured with an 

unbutted ruler to the nearest millimetre. 

Birds were aged by plumage and soft part colours. Feather wear was recorded 

by classifying the primary feathers and secondary feathers as slightly, moderately or 

very worn. Moult of the primaries and secondaries was scored from 0 (old feather) to 

5 (new feather fully developed), as recommended by Lowe (1989). The breast, flank, 

back, mantle, crown and forehead were checked for active moult. Moult data 

collected at Fogg Dam in 1983/84 by J. McKean (pers. comm.) were also used. I 

searched plumage and soft parts of captured birds for ectoparasites. Colour-marked 

individuals were sexed by their calling frequency, as males call far more often than 

females (see chapter 5). 
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In order to detect differences in plumage pattern between sexes, the 

following variables were recorded: 

greatest extent of exposed iridescent turquoise-blue coverts, measured with dial 

callipers to the nearest 0. 1 mm; 

extent of chestnut brown on crown; classified as dots, separated parallel stripes, 

or parallel stripes joined at nape; 

extent of red on lower belly, classified as small, moderate or large; 

extent of yellow on lower flanks, classified as small, moderate or large; and 

number of primaries with white spots. 

Morphometrics of 23 museum specimens of the three Australian pitta species 

were recorded with the same procedure as for live Rainbow Pittas. In order to 

compare wing lengths between these three species relative to body size, the former 

character was divided by total length. Differences in bill shape between these three 

species were analysed by dividing bill depth and bill width, respectively, by bill 

length. General literature was used for data on sizes of pitta species outside 

Australia. 

Morphometrical data were stored on "Microsoft Excel" and analysed with 

"Statistica for Windows" (release 4.5; Stat Soft, Tulsa, USA). Variation in 

measurements between birds of different sites or sexes were analysed with the 

Students t-test, when the assumptions for this test were met. Alternatively the Mann-

Whitney U-test was used. For recaptured birds only the latest measurements were 

used for analysis. To test for sexual variation in chestnut stripes on the side-crown of 

adult Rainbow Pittas, the amount of chestnut was divided into three categories: (1) 

brown dots, (2) brown stripes, (3) brown stripes and brown nape. Head-bill length, 

head width, bill depth and bill width were not tested for sexual variation, because the 

sample size for females was less than five for each of these measurements. 

One-way Analyses of Variance were used to compare morphometrics 

between Rainbow, Noisy and Red-bellied Pittas. A Pearson Correlation was used to 

test for the influence of latitude on body length of Asian and Australian pitta species. 

The averages of the two extreme values for each species were applied for length and 

latitude values. 
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2.3 Results 

2.3.1 Morphometrics 

Of the total of 62 Rainbow Pittas caught (without recaptures), 15 were identified by 

their plumage or bill colour as immature. Comparisons between coefficients of 

variation of morphometrics from adults indicated a small dispersion of tarsus and 

wing measurements relative to head and bill values (Table 2.1). 

Pittas at Fogg Dam were heavier than those at East Point (Students t = 2.7, df 

= 37, p  <0.05) (Table 2.2), but there were no significant differences between these 

two populations in tarsus length, wing length or wing span (t = 0.0, 0.2 and 1.8, 

respectively; df= 31, 34 and 34, respectively; p >0.05). At Fogg Dam, males had a 

slightly, but significantly longer bill (t = 3.4, df= 9, p < 0.01), a longer tarsus (t = 

2.6, df= 9, p < 0.05) and a greater wingspan (t = 3.1, df= 9, p  <0.01) than females 

(Table 2.3). There were no significant differences between sexes, however, in weight 

(t = 1.2, df= 12, p > 0.05) and wing length (Mann-Whitney U = 6.0, n = 11, p> 

0.05). Analysis of seasonal variation in weight was not possible due to inadequate 

sample sizes of adults from March to June. 

Table 2.1 Weight (g) and morphometrics (mm) of adult1  Rainbow Pittas. 

Measurement Mean s.d. Mm. Max. V 2  (n) 

Weight 63.2 ±4.1 55.0 75.0 0.065 (45) 

Head-bill length 51.6 ± 1.7 48.6 57.6 0.033 (29) 

Headwidth 19.1 ±2.6 17.0 27.7 0.136 (25) 

Bill length 28.4 ± 1.6 26.4 32.8 0.056  

Bill depth 8.2 ± 0.2 7.9 8.5 0.024 (9) 

Bill width 6.9 ±0.7 5.7 8.4 0.101 (28) 

Tarsus length 38.8 ± 1.0 36.4 40.8 0.026  

Wing span 350.6 ± 7.0 335 365 0.020 (38) 

Wing length 108.0 ±3.1 102 119 0.029 (38) 

'Weight, morphometrics and growth rates of nestlings are described in chapter 8. 
2 V coefficient of variation (s.d. mean'). 
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Table 2.2 Comparisons of weight (g) and morphometrics (mm) of adult Rainbow Pittas 

from Fogg Dam and from East Point. 

Site Weight Tarsus length Wing length Wing span 

mean s.d. (ii) mean s.d. (ii) mean s.d. (n) mean s.d. (ii) 

Fogg Dam 63.8 ±3.8 (34) 39.0 ±Ll (29) 107.9 ±3.2 (31) 352.8 ±6.1 (31) 

East Point 59.1 ±2.4 (5) 39.0 ±0.7 (4) 107.6 ±2.3 (5) 347.4 ±7.1 (5) 

Underlined values are significantly different between the two sites. 

Table 2.3 Mean weight (g) and morphometrics (mm) of adult male and female Rainbow 

Pittas at Fogg Dam. 

Sex W'eight (n) Bill (n) Tarsus (ii) Wing (ii) Wing (n) 

length length span length 

Male 62.8 (8) 28.5 (6) 39.4 (6) 357.5 (6) 110.3 (6) 

Female 66.3 (6) 27.1 (5) 37.9 (5) 348.8 (5) 107.2 (5) 

Underlined values are significantly different between sexes. 

Bill and tarsus length measurements of Pittas at Fogg Dam were normally 

distributed, and suggested little overlap between sexes (Figs. 2.1, 2.2). Wing span 

measurements appeared to differ between sexes, with one male value clearly lower 

than others (Fig. 2.3), perhaps due to an error in measuring. 

Compared with other members of this family, the Rainbow Pitta and Red-

bellied Pitta were relatively small, while the Noisy Pitta showed a moderate size 

(Table 2.4). For some species, like the Blue-winged Pitta and Noisy Pittas, reported 

body length values showed a wide range, while others, like the Garnet Pitta and 

Banded Pitta, showed little variation in this measurement. There was a significant, 

positive correlation between the distribution, in mean distance from equator, and the 

body length of pitta species (Rp = 0.44, n = 24, p <0.05). Thus, species living close 

to the equator were smaller than species from temperate or subtropical zones. 

Some measurements of the Rainbow Pitta were significantly different 

between captured live individuals and museum specimens: live birds had longer and 

shallower bills (t= 2.9, df= 42, p <0.01; and t= 3.0, df= 16, p <0.01, respectively), 

longer tarsi (t = 2.4, df= 42, p <0.01) and longer wings (t = 3.5, df= 42, p < 0.001) 



re 

than museum specimens (Table 2.6). These differences are probably due to the 

process of skin preparation rather than to geographical variation in morphology. 

because I banded birds at locations similar to those where museum specimens had 

been collected. Therefore only museum specimens of the Rainbow Pitta were used 

for comparisons in morphometrics with the two other species. 
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Figure 2.1 Sexual variation in bill length of adult Rainbow Pittas (n = 29) at Fogg Dam. 

Birds sexed according to calls. One outlying value (32.0 mm) ignored for histogram 

only. 
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Figure 2.2 Sexual variation in tarsus length of adult Rainbow Pittas (n = 29) at Fogg Dam. 



7 

6 

5 

V 

0 
a) 

2 

0 

17 

344- 346- 348- 350- 352- 354- 356- 358- 360- 362- 364- 

Wing span (mm) 

Figure 2.3 Sexual variation in wing span of adult Rainbow Pittas (ii = 31) at Fogg Dam. 

Noisy Pittas were significantly heavier than Rainbow Pittas (t = 3.6, df= 49, 

p <0.001) (Table 2.5). Insufficient weight data for Red-bellied Pittas were available 

for comparisons. Total body length, tarsus length and wing length : total length ratio 

differed significantly between the three species (ANOVA, F = 16.4, 46.9 and 4.1, 

respectively; n = 18, 19 and 17, respectively; p < 0.001, 0.001 and 0.05, 

respectively). Noisy Pittas were in each of these measurements significantly longer 

than Rainbow Pittas and Red-bellied Pittas (LSD test, all p < 0.001). The latter two 

species showed similar length measurements (LSD test, both p > 0.05). Total body 

lengths were difficult to measure consistently because of the stiffness of the 

specimens and should therefore be regarded as conservative estimates. In summary, 

the Noisy Pitta is clearly larger in body and tarsus length than either the Rainbow 

Pitta and the Red-bellied Pitta, while the latter two species show little differences. 

However, the Red-bellied Pitta had longer wings than the other two species. 

The wing length total length ratio was significantly greater for the Red-

bellied Pitta than for the Rainbow Pitta and the Noisy Pitta (LSD test, both p < 

0.05). The latter two species showed similar ratios (LSD test, both p > 0.05) (Fig. 

2.4). 
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Table 2.4 Total length (cm) of museum specimens of the Rainbow Pitta (ri = 9), Noisy Pitta 

(n = 10) and Red-bellied Pitta (n = 4), and data from literature on these three species and 21 

Asian pittas: listed in order of increasing size. 

Species Length Refe i-en cc2 Distribu tb,? 

Black-faced Pitta Pitta anerythra 15 10 Solomon 

Black-crowned Pitta P. venusta 16 13 Sunda 

Blue-banded Pitta P. arcuata 17 13 Borneo 

Rainbow Pitta P. iris1  15-19 8,15 Australia 

Red-bellied Pitta P. erythrogaster' 16-19 5,7,8,10,15 MA,AuR 

Garnet Pitta P. granatina 17-18 4,9,12,13,14 seAsia 

Hooded Pitta P. sordida 16.5-19 2,3,4,6,7,10,11,12,13 sAsia,MA,NG 

Indian Pitta P. brachyura 19 2 India 

Elegant Pitta P. elegans 20 13 Indonesia 

Mangrove Pitta P. megarhyncha 20 12,13,14 seAsia 

Fairy Pitta P. nympha 20-20.5 6,13 eAsia 

Blue-winged Pitta P. moluccensis 17.5-23 2,4,5,11,12,13 seAsia 

Noisy Pitta P. versicolor' 17-25 5,8,10,15 Australia 

Superb Pitta P. superba 2 1-22 10 BisA 

Gurney's Pitta P. gurneyi 22 4,12 seAsia 

Schneider's Pitta P. schneideri 22 13 Sumatra 

Banded Pitta P. guajana 22-23 4,9,11,12,13 seAsia 

Bar-bellied Pitta P. elliottii 23 4,12 Indochina 
Eared Pitta P. phayrei 23 4,12 seAsia 

Blue Pitta P. cyanea 23-24 2,4,6,12 sAsia 

Blue-rumped Pitta P. soror 24-25 4,6,12 seAsia 

Blue-naped Pitta P. nipalensis 24-25.5 2,4,6 sAsia 
Rusty-naped Pitta P. oatesi 25-25,5 4,6,12 seAsia 

Giant Pitta P. caerulea 27-29 1,4,12,13 seAsia 

Specimens: Rainbow Pittas from Northern Territory Museum of Arts and Science in Darwin, and 
Noisy and Red-bellied Pittas from Queensland Museum in Brisbane. 

2  References: 1, Glenister 1951; 2, Ali & Ripley 1970; 3, Rutgers & Gould 1970; 4, King & 
Dickinson 1975; 5, Pizzey 1980; 6, Meyer de Schauensee 1984; 7, Rabor 1986; 8, Schodde 
&Tidemann 1986; 9, Holmes &Nash 1989; 10,Coates 1990; 11,MacKinnon 1990; 12, 
Lekagul & Round 1991; 13, MacKinnon & Phillipps 1993; 14, Strange & Jeyarajasingam 
1993; 15, this study. 

Distribution according to Sibley & Monroe (1990): prefixes e, s, se = east, south and south-east, 
respectively; AuR = Australian region (including eastern Indonesia and New Guinea); BisA 
= Bismarck Archipelago; MA = Malay Archipelago; NG = New Guinea region; Solomon = 

Solomon Islands, and Sunda = Greater Sunda Islands (Borneo and Sumatra). 



Bill width : bill length ratios showed significant differences between the 

three species (F = 4.4. ii = 24. p < 0.05). The bill width bill length ratio of the 

Noisy Pitta ( X 0.249) was significantly smaller than the one of the Red-bellied 

Pitta ( X = 0.282; LSD test, p < 0.01), but similar to the one of the Rainbow Pitta 

( X= 0.262) (LSD test, p > 0.05). The difference between the latter two species in 

bill width bill length ratios was not significant (LSD test, p> 0.05). Bill depth bill 

length ratios were similar for all three species (F = 1 .0, ii = 24, p > 0.05). In 

summary, the bill of the Noisy Pitta is narrower than that of the Red-bellied Pitta, 

while that of the Rainbow Pitta is intermediate. 

Table 2.5 Mean weight (g) and morphometrics (mm) of adult Rainbow Pittas caught with 

mistnets and of museum specimens of all three Australian pitta species (1 = length). 

Measu rein. Live Museum specimens' 

Rainbow Pitta Rainbow Pitta Noisy Pitta Red-bellied Pitta 

mean s.d. (n) mean s.d. (n) mean s.d. (n) mean s.d. (n) 

Total I. - 

Weight2  63.2 ±4.2 (45) 

Head-bill 1. 51.6 ±1.7 (29) 

Bill length 28.4 ±1.5  

Bill depth 8.2 ±0.2 (9) 

Bill width 6.9 ±0.1 (28) 

Tarsus 1. 38.8 ±1.0  

Wing 1. 108.0 ±3.0 (38) 

185.2 ±4.4 (9) 

52.2 ±3.1  

26.8 ±1.1  

8.5 ±0.3 (9) 

7.0 ±0.4 (9) 

37.8 ±1.9  

104.0 ±1.9 (8) 

221.5 ±22.5 (6) 

103.5 ±19.5 (6) 

60.1 ±3.9 (9) 

33.7 ±3.1 (10) 

10.5 ±0.5(10) 

8.3 ±0.5(10) 

46.7 ±1.9 (7) 

125.0 ±5.2 (9) 

176.0 ±7.9 (3) 

76.0 (1) 

49.5 ±1.1 (5) 

26.2 ±1.5 (5) 

8.6 ±0.5 (5) 

7.4 ±0.6 (5) 

40.0 ±1.4 (4) 

105.8 ±2.5 (4) 

'Rainbow Pitta specimens from Northern Territory Museum of Arts and Sciences, and Noisy and 
Red-bellied Pitta specimens from Queensland Museum. 

2  Weight values for Rainbow Pittas from live birds and for the two other species provided by the 
Queensland Museum. All Rainbow Pitta specimens had been collected in the Northern 
Territory and all Red-bellied Pitta specimens in Cape York Peninsula (Pitta erythrogaster 
macklotii). One Noisy Pitta had been collected in Cape York Peninsula (P. versicolor 
simillima) and nine individuals had been obtained further south (P. v. versicolor). 
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Figure 2.4 Inter-specific variation in wing length measurements relative to total length of 

pitta specimens. Rainbow Pitta specimens from Northern Territory Museum of Arts and 

Sciences, and Noisy and Red-bellied Pitta specimens from Queensland Museum. 

2.3.2 Plumage and bare parts 

The plumage of the Rainbow Pitta showed no geographical variation. The colour of 

the mantle at Fogg Dam apparently varied with habitat. All 30 adults caught in the 

monsoon-rainforest showed a uniform olive-green mantle. Two of three adults 

banded in the nearby eucalypt forest, however, had an iridescent narrow turquoise-

blue saddle on the mantle just below the black colour on the nape. Two unbanded 

birds with the same mantle pattern were seen later in the same eucalypt forest. This 

colour variant was not recorded at any other site. 

The chestnut stripes on the adults side-crown showed wide variation between 

individuals throughout the study area. Eight (20%) had two parallel stripes, while on 

31 birds (77%) the stripes joined at the nape, and one (3%) showed only two brown 

dots. This variation was not related to sex (Mann-Whitney U = 3.0, n = 10, p > 

0.05). Extent of yellow on the lower flanks also clearly varied between individuals, 

but not sexually (U = 1.5, n = 9, p > 0.05). Extent of iridescent turquoise-blue of the 

wing coverts, of red on the lower belly and undertail coverts, and of white spots on 
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the primaries showed little individual variations, and did not show sexual variations 

(U = 2.0, 3.0 and 8.0, respectively: n = 7, 6 and 11. respectively: p > 0.05). The red 

on the lower belly and undertail coverts, however, appeared slightly darker and 

brighter in males than in females. 

Plumage and bare parts of Rainbow Pitta nestlings and fledglings are 

described in chapter 8. Juveniles showed the same plumage pattern as adults, apart 

from duller coloration and a white triangular area on the lower throat. The claw 

colour of juveniles changed from yellow through dull orange to grey-brown. Other 

features that differed from adults were the legs (purplish-flesh cf. grey-brown in 

adults) and the gape, which changed from whitish-orange to black between June and 

August of their first year. Two of five Noisy Pittas observed at Cairns in July 1994 

had an orange gape, which indicated that they were immature, but were otherwise 

similar to adults in plumage. No features of immature Pittas were seen at other sites 

in Queensland. One four-month old Rainbow Pitta showed fault bars (translucent 

cross-bands) in its primaries and secondaries. 

There were only slight differences in the condition of primary and secondary 

feathers (Tables 2.6, 2.7). Both feather types showed an increased wear from July to 

January and February, which was the only time very worn feathers were recorded. 

Moult of primary feathers of adult Rainbow Pittas was noted in February (1 

adult), March (2), April (1), May (1) and October (I) (including data of J. McKean, 

pers. comm.). Adults appeared to have one full postnuptial moult a year, which 

unambiguously started at the inner primaries. The birds were very secretive during 

the moulting period, and did not respond to playback, which resulted in a small 

number of birds caught or seen. Two birds showed a prenuptial moult in September! 

October. Post-juvenile moult was noted in March (3), April (4), May (4) and June 

(1) (including data of J. McKean, pers. comm.). 

Brood patches were recorded from both sexes (7 times from males and 6 

times from females) between November and February. They were inconspicuous, but 

were characterised by elasticity of the skin and enlargement of blood vessels on the 

lower breast and belly. 
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Table 2.6 Monthly variation in primary wear of adult Rainbow Pittas. No adults were 

caught between March and June. 

Wear Jul Aug Sep Oct Nov Dec Jan Feb 

slightly 0 3 2 0 1 2 2 

moderately 1 0 3 2 5 6 11 0 

very 0 0 0 0 0 0 1 

Table 2.7 Monthly variation in secondary wear of adult Rainbow Pittas. No adults were 

caught between March and June. 

Wear Jul Aug Sep Oct Nov Dec Jan Feb 

slightly 0 3 5 1 0 2 2 0 

moderately 1 0 0 1 6 6 11 2 

very 0 0 0 0 0 0 1 0 

Insect ectoparasites found in the plumage of handled birds were louse flies 

(Diptera: Hippoboscidae) and biting lice (Mallophaga: Picicola sp.). One or two 

louse flies were recorded on 56% of birds (n = 25). Biting lice were hard to detect 

but also seemed to be quite common. Mites (Arachnida: Acari) were found at the 

gape, near the eyes or on the belly of 50% of birds examined (n = 10). Ulcers were 

recorded on the head of 3% of nestlings and fledglings (n = 97), but never on adults 

(n = 47). 

2.4 Discussion 

Woodall (1993) reported geographical variation in morphometrics of the Noisy Pitta. 

Measurements of this species increased with latitude (10300  S) and therefore 

followed Bergmann's rule (James 1970). Rainbow Pittas at Fogg Dam were 

significantly heavier than those at East Point. Both populations showed similar 

morphometrics, however, indicating differences in weight were due to spatial 

variation in food availability rather than genetic divergence. An assessment of food 

availability shows in fact higher records of invertebrate numbers and biomass at 

Fogg Dam compared to East Point (chapter 6). Moreover, major gnetic variation 

between these two populations, separated by only 60 km, is unlikely because young 

birds seemed to disperse between patches of monsoon-rainforests (see chapter 3). 
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The difference in body weight further coincided with heavier (but not larger) 

nestlings at Fogg Dam than at East Point (see chapter 8). Because only few adult 

Rainbow Pittas were caught at the main study sites the result about differences in 

morphometrics between these two populations has to be treated with caution. 

According to Ford (1977) the Northern Territory and Kimberley populations 

of the Rainbow Pitta, despite being separated by 500 km of unsuitable habitat 

(Blakers et al. 1984), are similar in plumage pattern, yet Rainbow Pittas in the 

Northern Territory are heavier than those in the Kimberley (Student's t = 3.2, df = 

56, p < 0.05) (Table 2.8). This difference in weight of birds between these two 

regions may, however, be due to uneven sample sizes at my sites. A total of 34 adult 

Pittas were weighed at Fogg Dam, which were relatively heavy compared the five 

birds caught at East Point, whose mean weight was below the average of the 

Western Australian population. There is no significant difference in tarsus length 

between these two populations (t = 1 .3, df= 11, p > 0.05). 

Birds in the Top End got isolated by geographical barriers in the Joseph 

Bonaparte Gulf region from their vicariants in the Kimberley (Ford 1977). 

Differentiation has occurred between these two regions for several species adapted 

to rocky places (e.g. Chestnut-quilled Rock-Pigeon Petrophassa rufipennis in N.T., 

White-quilled Rock-Pigeon P. albipennis in W.A.; and White-throated Grasswren 

Amytornis woodwardi in N.T.; Black Grasswren Amytornis housei in W.A.). The 

lack of differentiation in the Rainbow Pitta and other monsoon-rainforest specialists 

like the Orange-footed Scrubfowl Megapodius reinwardt and White-lined 

Honeyeater Meliphaga albilineata, indicates differentiation having taken place 

during a humid cycle of the Pleistocene, when rainforests were more continuous 

between the two regions, yet drier areas were contracted, isolating mesic adapted 

species. 

Woodall (1993) found no sexual differences in morphometrics of 89 Noisy 

Pitta specimens. Collar et al. (1986) published measurements of three Asian pitta 

species with sex-specific plumage, without examining morphometrics for sexual 

differences. My analysis of the latter data shows that weight, bill length, tarsus 

length and wing length are similar for both sexes of the Banded Pitta P. guajana 

irena (t = 0.5, 0.2, 0.5 and 1.5, respectively; df= 16, 17, 17 and 17, respectively; p > 
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Table 2.8 Comparison of weight (g) and tarsus length (mm) between Rainbow Pittas from 

the Top End of the Northern Territory (N.T.) and the Kimberley of Western Australia 

(W.A.). 

Region Weight Tarsus length 

mean mm. max. (n) mean mm. max. (ii) 

N.T. 632 55.0 75.0 (47) 37.8 34.9 40.2 (8) 

W.A. 60.1 53.7 69.0 (11) 36.3 29.0 39.0 (5) 

Underlined values are significantly different between the regions. 
Values for the W.A. birds were provided by the Museum of Western Australia. Weight values of the 
N.T. birds were taken from live individuals and tarsus length from specimens in the Northern 
Territory Museum of Arts and Sciences. 

0.05), the Blue Pitta P. cyanea cyanea (t = 0.0, 0.8, 0.9 and 1.5, respectively; df= 13, 

16, 15 and 16, respectively; p > 0.05) and the Gurney's Pitta Pitta gurneyi (t = - 

0.8, 1.2 and 0.3, respectively; df= -', 11, 15 and 15, respectively; p >0.05). 

Males of the Rainbow Pitta at Fogg Dam were slightly larger in size than 

females. The minor extent of these differences indicates only a weak selection 

pressure. Morphological differences between sexes are usually interpreted as 

evidence of inter-sexual selection (Darwin 1859). Only males were observed in 

territorial encounters, whose greater size may be useful for success in disputes, while 

this selective pressure is weaker on the less territorial females. The secretive nature 

of this species prevented the study of mate selection, which could provide 

information about the importance of inter- or intra-sexual selection. 

Interpretations of differences in sexual dimorphism between the Rainbow 

Pitta and other pitta species are highly speculative because of lack of sociobiological 

studies of the latter species. Differences in the importance of sexual selection 

pressure between species may be due to variation in time sexes allocate to territorial 

defence, incubation, or variation in density of individuals, affecting frequency of 

territorial encounters. 

The overlap between sexes of the Rainbow Pitta in tarsus length and wing 

span make these criteria inadequate for sexing birds. Bill length is the measurement 

Insufficient data were available to compare weights between sexes of the Gurney's Pitta. 
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with the least overlap between sexes, but because of the slight differences, precision 

could be a problem in further work. Attenpts to apply multivariate analyses to test 

for morphometrical differences between sexes were thwarted by strong correlation 

between individual variables. 

Variation in size between pitta species can partly be explained by 

Bergmann's rule, stating a positive correlation for body size with decreasing 

temperature and humidity (James 1970). Most small species of this family like the 

Black-crowned Pitta, Blue-banded Pitta and Garnet Pitta live in the constantly moist 

equatorial climates of Malaysia, Sumatra and Borneo. Larger species like the Blue-

rumped Pitta, Blue-naped Pitta and Rusty-naped Pitta live in the less humid climates 

of India, Indochina and China. One notable exception to this rule is the Giant Pitta, 

which is confined to Malaysia, Sumatra and Borneo. Bergmanns rule also partly 

explains size differences between Australian species of pittas. The moderately sized 

Noisy Pitta inhabits both tropical and subtropical regions, while the smaller Rainbow 

and Red-bellied Pittas are confined to the tropics. 

In contrast to sedentary birds, migrants tend to have longer and more pointed 

wings, that are less air resistant, but decrease the ability of birds to manoeuvre 

(Schuz et al. 1971; Ruppell 1980). This rule accords with findings for the three 

Australian pitta species presented here. The migratory Red-bellied Pitta had 

relatively long wings compared to the sedentary Rainbow Pitta and the partially 

migratory Noisy Pitta. Bill shape differed only between Noisy and Red-bellied 

Pittas, which both occur at Cape York Peninsula, while the bill shape of the solitary 

Rainbow Pitta was intermediate. This variation in bill shape could be due to 

character displacement (Lack 1974; Arthur 1982), which could be tested by 

comparing bill measurements from areas where Noisy and Red-bellied Pittas occur 

together like at Cape York with data from areas where each occurs alone, such as 

south of Cape York for the Noisy Pitta and New Britain north-east of Papua New 

Guinea for the Red-bellied Pitta. 

Some Rainbow Pittas in the eucalypt forest at Fogg Dam had an iridescent 

narrow turquoise-blue saddle on the mantle, a colour pattern not found in the 
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Some Rainbow Pittas in the eucalypt forest at Fogg Dam had an iridescent 

narrow turquoise-blue saddle on the mantle, a colour pattern not found in the 

adjacent monsoon-rainforest or at any other site. This colour variation is unlikely to 

be age related, because birds of all age groups were inspected in the monsoon-

rainforest, including one at least 10 year old individual (colour-bands, BG). Feather 

colour can be affected by diet, which has been shown for numerous bird species like 

Flamingos Phoenicopterus ruber, Builfinches Pyrrhula pyrrhula and Red Crossbills 

Loxia curvirostra (Beebe 1906; Welty 1982). The variation in plumage colour of 

Pittas could be due to a difference in diet between the birds in the eucalypt forest and 

monsoon-rainforest. A major part of this species diet during the wet season are 

earthworms which are significantly more abundant in the monsoon-rainforest than in 

eucalypt forest (see chapters 6, 7). Therefore, individuals in the eucalypt forest have 

to concentrate on other kinds of food items during the wet season, which may affect 

their mantle coloration. 

The only sexual difference in plumage pattern of Rainbow Pittas was the red 

lower belly and undertail coverts, being scarlet-red in males and pale rust-red in 

females. Observations by Taylor and Taylor (1995) indicate Noisy Pittas to show a 

similar variation in colour between sexes: the frequently calling bird of a breeding 

pair had red undertail coverts, which were more pink in its mate. 

The low levels of wear in remiges of Rainbow Pittas, indicated by the 

relatively few records of very worn feathers, can be explained by the relatively low 

frequency of flying (see chapter 4). Records of moulting individuals showed that this 

species normally had one full postnuptial moult a year. The absence of data from 

March to June is a serious impediment to a full understanding of feather wear. 

Prenuptial moult was only recorded on two occasions and can be explained with 

individual variation. The high energy demands of moulting are better met by the 

normally observed postnuptial moult, because food availability rised rapidly at the 

start of the breeding season and only slowly declined after the reproductive period 

(chapter 6). Both incidents of prenuptial moult were recorded by J. McKean (pers. 

comm.) at the end of September/ beginning of October 1984. September 1984 

showed one of the highest to date recorded rainfall totals for this month (Fogg Dam 
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68 mm cf. mean II mm: Anon. 1984). which probably resulted in relatively high 

food abundance, providing the additional energy for this supplementary moult. 

Fault bars are translucent cross-bands in feathers, caused by defective 

formation of barbules due to metabolic deficiency or stressful condition, like fear of 

death (Michener & Michener 1938; Melius 1975; King & Murphy 1984; Bub 1985). 

Fault bars were recorded in the primaries of an immature Rainbow Pitta. The 

distance between the fault bars and the tip of the feathers was 4.0-6.5 cm. 

Comparison with growth curves of primaries of Pitta nestlings showed that the 

defective barbules had been formed from the age of about ten days to the first week 

after fledging (chapter 8). This bird was a recapture, and had been banded as a 

nestling at the age of nine to ten days. Four days after banding, the brood of this 

young was found partly predated. This individual had escaped predation, and was 

seen 100 m away from the nest (chapter 9). Fault bar formation therefore coincided 

with the predation incident, and probably was caused by a combination of fear of 

death from the predator and a subsequent period of undernutrition due to premature 

desertion of the nest. 

In summary, the Rainbow Pitta shows some variation in weight, 

morphometrics and plumage between different populations. However, differences 

were always relatively small, reflecting the minor amount of variation in 

environmental variables. A comparison of the Rainbow Pitta with the Noisy Pitta 

elucidates the relationship between environmental and morphological variation. The 

Rainbow Pitta is restricted to a small range of latitudes (6°) in the Irian 

biogeographical division, while the Noisy Pitta lives in a wide range of latitudes 

(25°) in both the Irian and Tumbunan divisions (Schodde & Calaby 1972; Blakers et 

al. 1984). No subspecies are recognised for the Rainbow Pitta, while two or three 

subspecies have been described for the Noisy Pitta (Storr 1984; Woodall 1993). The 

small extent of variation in weight, morphometrics and plumage between the sexes 

of the Rainbow Pitta can be related to minor sexual differences in breeding biology, 

which will be discussed in detail in chapter 8. 
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3.1 Introduction 

The great majority of Australian autecological studies of birds have been conducted on 

temperate zone species or groups, mostly in eucalypt communities (Keast et al. 1985; Ford  et 

al. 1986). Relatively few studies concern birds of the Australian tropical rainforests, major 

exceptions being bowerbirds (Ptilonorhynchidae) (Frith & Frith 1993, 1995). Pittas are 

essentially birds of tropical rainforests. All but eight out of 29 species are thought to be 

sedentary (Campbell & Lack 1985). 

The three species of Australian pittas have similar foraging ecologies (see chapter 7), 

but differ in their migratory status. The Rainbow Pitta is said to be sedentary in monsoon-

rainforests, occasionally visiting riverine forests, bamboo thickets and mangroves (Crawford 

1972; Frith & Calaby 1974; Storr 1977; Blakers et al. 1984). Rainforests are also the major 

habitat of both the Noisy and Red-bellied Pitta (Storr 1977; Blakers et al. 1984). The Noisy 

Pitta shows some small-scale migration within eastern Australia, but its movements are little 

understood (Bell 1968; Blakers et al. 1984). A small population of this species with uncertain 

migration status, occurs in southern New Guinea (Bell 1968; Coates 1990). The Australian 

race of the Red-bellied Pitta Pitta erythrogaster macklotii shows regular migration, breeding 

on Cape York Peninsula, and spending the remainder of the year in southern New Guinea 

(Macgillivray 1914; Blakers et al. 1984). 

The bird communities of the tropical parts of the Northern Territory and Queensland 

differ dramatically in species richness. The monsoon -rai nforest habitat of the Rainbow Pitta is 

poor in species. North-eastern Australian rainforests on the other hand have a rich avifauna 

with many species that forage on the ground (Kikkawa & Pearse 1969; Schodde & Calaby 

1972; Kikkawa & Monteith 1980). The strong seasonality of monsoon-rainforests forces some 

animals to move to other habitats during the season of low food availability. Therefore 

monsoon-rainforests, unlike rainforests of north-eastern Australia, operate as an open system 

(Kikkawa et al. 1981). Pittas provide an opportunity to examine how population ecology is 

affected by slightly different physical and biotic environments. 
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This chapter thus examines the social organisation, density. site fidelity and 

survivorship of the Rainbow Pitta. I examined seasonal changes in abundance of Rainbow. 

Noisy and Red-bellied Pittas to clarify their migratory status. The abundance of other species 

in the ground-foraging insectivorous guild of the monsoon-rainforests of the Northern 

Territory and the rainforests of tropical Queensland are compared, and correlated with 

densities of pittas. 

3.2 Methods 

3.2.1 Transect counts 

To examine temporal variation in presence or absence of Rainbow Pittas and Orange-footed 

Scrubfowls Megapodius reinwardt and spatial variation in abundance of these species, I 

conducted regular censuses at the three major sites (Fogg Dam, East Point and Holmes 

Jungle) from February 1993 to February 1995. For each site censuses were conducted on three 

consecutive days every two months, starting at sunrise and walking at a speed of 1.36 km h'. 

Density estimates for the Scrubfowl were based on sight detections, and for the Pitta on calls. 

This modification of the standard method (Emlen 1971, 1977) was used for Pittas, because 

they are rather secretive and inconspicuous, but have loud distinct calls, and are therefore 

heard more than seen. Sighted Pittas, which remained quiet, were ignored. Sightings of Pittas 

were too infrequent to assess the reliability of population estimates based on calls (4.2 Pittas 

were heard per census compared to 0.7 seen per census). 

The lengths of the transects were 1.8 km at both Fogg Dam and East Point, and 1.9 km 

at Holmes Jungle. The lateral distances between the sighted or calling birds and the centre line 

were estimated to the nearest 5 m. These distances were then subdivided into 10 m bands from 

the centre line (viz. 10 m, 20 m, 30 m, etc.) as per the variable-strip transect method (Emlen 

1971, 1977). The band with the highest cumulative density (birds per hectare) was used as the 

measure of abundance (Bell & Ferrier 1985). Pitta calls were played every 15 mm 

(corresponding to intervals of c. 340 m) with a cassette tape recorder and a speaker, the 

volume of which was adjusted to the volume of actual Pitta calls. This procedure was used to 
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stimulate Pittas to answer the playback, increasing the number of Pittas calling and therefore 

improving the rate of detection. Before starting any censusing. the distance between the 

observer and a call-playing tape recorder was estimated and checked with a measuring tape. 

This procedure was carried out in order to calibrate the estimates of the distances between 

calling birds and the transect centre line. 

The same censusing method was used to compare the densities of Rainbow Pittas and 

Scrubfowls between five habitat types at Fogg Dam, viz. paperbark forest, monsoon-

rainforest, Syzygiumi Barringtonia forest, Lophostemon forest and eucalypt forest. Four 

counts, starting at sunrise, were conducted in each habitat between mid-November and mid-

December 1994. The length of the transects was 1.2 km in all five types of habitat. 

Transect counts were also conducted along the ecotone between mangroves and 

monsoon-rainforests to determine whether Rainbow Pittas occupy the former habitat. During 

the dry season of 1993 one count was carried out at each of the following sites: Coconut 

Grove (northern suburb of Darwin), Lee Point (15 km N of Darwin), Tree Point (35 km NE of 

Darwin), Fright Point (40 km NE of Darwin) and the West Alligator River Head. The 

boundary between the two types of habitat was followed for half an hour starting one hour 

after sunrise. Pitta calls were played every 5 min using a cassette tape recorder and speaker, 

and the number of Rainbow Pittas seen or heard was recorded. 

To estimate the density and seasonal abundance of Noisy Pittas, Red-bellied Pittas and 

Scrubfowls in the rainforests of northern Queensland, the first mentioned censusing method 

was used. Density estimations for the two pitta species were based on calls, and for the 

Scrubfowls on sight detections. Three censuses each were conducted during the dry season in 

July! August 1994 and during the wet season in December 1994! January 1995 at each of the 

following sites (length of transects in brackets): Dunk Island (1.8 km), Lake Eacham (2.4 km; 

only two censuses per season), Cairns (2.3 km) and Iron Range (1.8 km). In addition, the birds 

along the Black Mountain Road at Kuranda (1.8 km) were counted three times in January 

1995. Only Noisy Pitta calls were played with the cassette tape recorder because the Red-

bellied Pitta did not respond to calls played in its presence (pers. obs.). 
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To gain some understanding of the relative abundance of other ground-foraging 

insectivorous bird species in northern Queensland, I also counted the number of Australian 

Brush-turkeys Alectura I athami, Grey-headed Robins Poecilodryas albispecularis and Eastern 

Whipbirds Psophodes olivaceus seen. For analysis, counts were converted to birds per 

kilometre. Chowchillas, which are sympatric with, and show a similar foraging ecology as 

Noisy Pittas (Crome 1978), were never observed during my studies in Queensland. Apart from 

the Rainbow Pitta and Scrubfowl, no other insectivorous birds were observed to restrict 

foraging to the ground in monsoon-rainforests of the Northern Territory. 

3.2.2 Mapping 

I mistnetted at the three major sites at least once a month from August 1992 to March 1995 (ii 

= 128 mornings), and at minor sites for an additional 26 mornings. Captured Rainbow Pittas 

were weighed and measured (see chapter 2), and then banded with one metal band on the left 

leg, and three colour bands (one on the left and two on the right) with individually unique 

combinations. 

Colour-banded Rainbow Pittas were mapped at Fogg Dam and East Point at least once 

every two months from November 1992 to February 1995. Mapping was intensified during the 

breeding season. Birds at Holmes Jungle were mapped from November 1992 only till October 

1993, because of the relatively small number of birds caught during this period. Locations of 

sighted birds were plotted to the nearest metre on maps with 50 m x 50 m grids, by pacing 

with a compass to the closest marked tree or metal stake, defining a grid corner. At Fogg 

Dam, the grid system was established with metal stakes by Bowman & McDonough (1991a) 

(see chapter 1). I replaced missing stakes in a 17 ha area at this site by colour-tagging trees 

and shrubs at grid corners, located by compass and tape-measure. The same method was used 

to establish a 25 ha and 24 ha grid area at East Point and Holmes Jungle, respectively. The 

size of Pitta territories was estimated to the nearest 0.1 ha from locations mapped for each pair 

during the 1992/93, 1993/94 and 1994/95 breeding seasons. For each pair a polygon based on 

the most extreme records was drawn. All space in the polygons was considered as occupied by 

the birds. Only territories bounded completely by other territories, cleared areas, or other 

habitats were used for calculations of territory size. 
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Annual survivorship was estimated by the number of banded birds present in years 

subsequent to banding (Nicholls & Woinarski 1988; Brown etal. 1990; Noske 1991). Because 

of the secretive nature of Rainbow Pittas, I based calculations of survivorship on the core area 

of the study site at Fogg Dam, during the season of most intensive study. Only males were 

used for these calculations, because females showed relatively weak site-fidelity, and were 

therefore likely to be missed due to movements within the study sites. Colour-marked 

individuals were sexed by their calling frequency, males calling more often than females (see 

chapter 5). Birds that were recorded in the breeding season 1992/93, but not again until the 

breeding season 1994/95, were assumed to have been present during the intervening breeding 

season. Dettman (1995) recommended calculating survival of birds from capture-recapture 

data by the Jolly-Seber model (Jolly 1965; Seber 1965). However, my data did not meet the 

assumptions of this model, due to concentration of mistnettirlg in territories without colour-

banded birds. 

3.2.3 Statistical analysis 

Data were stored on "Microsoft Excel" and analysed with "Statistica for Windows" (release 

4.5; Stat Soft, Tulsa, USA). Mann-Whitney U-tests were used to test the difference between 

territory size of Rainbow Pittas at Fogg Dam and East Point, between densities of Scrubfowls 

in the Northern Territory and in Queensland, and between densities of Rainbow Pittas and 

Noisy Pittas. For the density comparisons, mean values per site were used. Three-way 

Analyses of Variance were used to determine the effects of year, month and site on the density 

of Rainbow Pittas and Scrubfowls. One-way Analyses of Variance were used to compare 

densities of Rainbow Pittas and Scrubfowls between habitat types at Fogg Dam. For both 

Analyses of Variance one value per transect count was used. 

Spearman Rank Correlations were used to investigate the relationship between the 

density of Noisy Pittas and the abundance of Scrubfowls, Brush-turkeys, and Grey-headed 

Robins and Whipbirds combined. For each site a mean value of dry and wet season combined 

was applied for these correlations. Data for Kuranda were not considered because this site was 

only visited during the latter season. The same test was used to study the link between mean 

values of Rainbow Pitta density and earthworm abundance at East Point, Holmes Jungle and 
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five different types of habitat at Fogg Darn, viz. paperbark forest. monsoon-rainforest. 

Syzygiurn/ Barringtonia forest. Lophostemon forest and eucalypt forest. The Chi-square test 

was used to analyse seasonal changes in frequency of territorial interactions, by comparing the 

number of observations with interactions against observations without interactions between 

the dry and wet season. 

3.3 Results 

3.3.1 Seasonal abundance 

Rainbow Pittas were recorded in monsoon-rainforest, paperbark forest, Syzygium! 

Barringtonia forest, Lophostemon forest and eucalypt forest, but were never noted in 

mangroves. Pittas were seen occasionally in other types of habitat, all of which were close to 

the former habitats: one pair nested in a pine plantation at Fogg Dam, and collected food for 

its young in this habitat and in the adjacent Lophostemon forest. One bird was calling 

vigorously during the breeding season in a banana plantation near Fogg Dam, separated by a 

road from eucalypt forest. In August 1993, a bird of unknown age was observed feeding on a 

camp-ground with a few remnant monsoon-rainforest trees at Dundee Beach, 65 km south-

west of Darwin. 

Rainbow Pittas were present during all bimonthly censuses in the monsoon-rainforests 

of the three major sites (Fig. 3.1). Combining these sites, the mean number of individuals was 

4.2 per transect (n = 117), and the mean estimated density was 0.25 birds ha'. There was a 

significant variation between bimonthly samples (ANOVA, F = 3.8, n = 117, p < 0.01). The 

highest numbers of birds were counted from October to February each year, which can be 

explained by the high frequency of calling during this time of the year (see chapter 5). 

Significantly more birds were counted in 1993 (calendar-year) than 1994 (F = 13.0, p < 

0.001). The populations at the major sites showed different densities (F = 26.5, p < 0.001). 

More birds were counted at Fogg Dam ( X = 0.38 birds ha') than East Point ( X = 0.22 

birds ha') or Holmes Jungle ( X = 0.17 birds ha'; LSD test, both p  <0.001). The densities 

of populations at the latter two sites were not significantly different (LSD test, p > 0.05). 
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The densities between different types of habitat at Fogg Dam showed a significant 

variation (F = 9.5, ii = 20, p  <0.001) (Table 3.1). Similar numbers of birds were counted in 

the monsoon-rainforest, Syzygiuml Barringtonia forest and Lophostemon forest, and there was 

no significant difference between counts in the paperbark forest and eucalypt forest (LSD test, 

p > 0.05). However, the monsoon-rainforest and Syzygiuml Barringtonia forest had higher 

values than the eucalypt forest (LSD test, all p < 0.01), but not the Lophostemon forest (LSD 

test, p> 0.05). 

The densities of birds counted in these five types of habitat at Fogg Dam, at East Point 

and at Holmes Jungle in November and December 1994 were positively correlated with the 

abundance of earthworms in the leaf litter at these sites! habitats (see chapter 6) during the 

same period (R ç  = 0.77, n = 7, p  <0.05). 

In the rainforests of northern Queensland, a mean number of 1.5 Noisy Pittas were 

counted per transect (n = 25) and the mean estimated density was 0.08 birds ha' (Table 3.2). 

The highest density was recorded at Dunk Island during the dry season (0.18 birds ha 1) . No 

birds were recorded at this site during the wet season, which is when birds call most 

frequently (see chapter 5), suggesting that migration had taken place. A similar situation was 
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Figure 3.1 Mean densities of Rainbow Pittas per site, estimated by bimonthly counts along transects 

(ii = 3 for each X). 
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Table 3.1 Estimates of mean density (birds had ) ± s.d. of Rainbow Pittas in five types of habitat at 

Fogg Dam in November and December 1994 (n = 4 for each X). Letters join means that are not 

significantly different (LSD test, p > 0.05). 

Paperbark Monsoon - Sv:./ Bar. Lopho stem on Euca lvpt 

forest rain forest forest' forest forest 

Mean Oh 0.63 a 0.52 a 0.38 ac 0.17 bc 

s.d. - ±0.20 ±0.18 ±0.27 ±0.18 

Syzycium I Barringtonia forest 

noted at Cairns: Pittas were common during the dry season, but only two birds, which called 

frequently, were recorded on December 25 and 26. On the two subsequent days no birds were 

noted. Three further rainforests near Cairns were visited once each at the beginning of 

January: no birds were recorded at Bayview Heights 5 km south of Cairns (100 m asi), 

however one individual each was recorded near Lake Morris (450 m as]) and near Crystal 

Cascades (100 in as]) 12 km south-west of Cairns. By contrast, relatively high densities were 

noted in January at Kuranda 15 km NW of Cairns. Similar numbers of birds were recorded at 

Iron Range during both seasons, indicating that some sites were occupied all year round by 

this species, but this could not be analysed statistically due to the small sample size. 

Red-bellied Pittas were recorded at Iron Range only during the wet season, as 

expected. The mean number of birds per census (n = 3) was 1.7, giving a mean density of 

0.08 birds ha'. Noisy Pittas showed the same density as Red-bellied Pittas at this time. 

Rainbow Pittas at the major sites in the Northern Territory showed a significantly 

higher mean density than Noisy Pittas in Queensland (Mann-Whitney U = 0.0, n = 7, p < 

0.05). The Rainbow Pitta also clearly showed a higher density at the major sites ( X = 0.25 

birds ha') than the Red-bellied Pitta at Iron Range during the wet season (0.08 birds ha'). The 

combined densities of the Noisy and Red-bellied Pittas at Iron Range during the wet season is 

only slightly lower than the density of the Rainbow Pitta in the Northern Territory (0.16 cf. 

0.25 birds ha'), though this could not be tested statistically due to the small sample size at the 

Queensland site. 
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Table 3.2 Estimates of mean density (birds ha 1 ) ± s.d. of Noisy Pittas in northern Queensland during 

dry season (Dry) and wet season (Wet) (n = 3 for each X). 

Dunk Lake Cairns Kuranda2 Iron 

Island Eacham' Range 

Dry 0.18±0.21 0 0.15±0.01 NR 0.12±0.21 

Wet 0 0 0.01 ± 0.01 0.16±0.05 0.08±0.10 

Only two instead of three censuses were conducted at Lake Eacham during both seasons. 
2  Kuranda was only visited during the wet season. 

3.3.2 Territoriality and site fidelity 

A total of 81 Rainbow Pittas was caught (including recaptures) during 155 mornings of 

mistnetting (Table 3.3). At the major sites 72 birds were caught, and nine at the minor sites: 

one each at Gunn Point, Lee Point, Koolpinyah, Dundee Beach, Baroalba Springs, east of 

Batchelor and Bukbukluk; and two birds were caught at the West Alligator River Head. The 

capture rate at Fogg Dam was clearly higher than at East Point or Holmes Jungle. Of 48 adults 

caught at Fogg Dam 34 were banded. Of these birds ten were re-trapped once and two were 

re-trapped twice. One bird at East Point was also retrapped twice. All birds were recaptured 

within 100 m of their banding locations. 

Rainbow Pittas showed significantly more territorial interactions, relative to 

observation time, during the wet than the dry season (0.59 cf. 0.14 interactions per hour of 

observation; x2 = 15.1, df= I, n = 160, p  <0.0001). Most males were noted in the same 

Table 3.3 Number of Rainbow Pittas caught with mistnets at the three major sites and the minor sites. 

Fogg Dam East Point Holmes Jungle Minor sites Total 

Adults 48 6 3 5 62 

Immatures 15 0 0 4 19 

Total captures 63 6 3 9 81 

Net hours' 552 126 96 156 930 

Capture rate2  0.114 0.048 0.031 0.058 0.087 

I Hours spent mistnetting multiplied by number of nets used. 

2 Total birds caught (including recaptures) divided by net hours 
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territories all year round, but only one out of six colour-banded birds identified as females was 

recorded in the same territory during both the breeding and non-breeding season. Two females 

left their breeding territories and were seen during the subsequent non-breeding season 100 m 

and 200 rn, respectively, from their former locations in adjacent territories. 

The territories of 23 colour-banded Pittas were mapped in the monsoon-rainforest at 

Fogg Dam, five at East Point and one at Holmes Jungle. The mean size (± s.d.) of breeding 

territories of nine pairs at Fogg Dam was 1 .6 ha (± 0.2 ha), significantly smaller (Mann-

Whitney U = 1 .0, p  <0.05) than the three territories mapped at East Point ( X = 3.1 ha ± 0.5 

ha). The size of territories at Holmes Jungle was not estimated, due to the small sample size at 

this site. At Fogg Dam, the mean density estimated by mapping was 1.25 birds ha , clearly 

higher than the value estimated by transect counts at this site ( X = 0.39 birds ha'). 

Unfortunately, insufficient birds were banded in the eucalypt forest to map territories in this 

habitat. It is also likely that many nests in the eucalypt forest were not found, so it is invalid to 

estimate territory size from distances between nests. 

All banded birds shown in Figures 3.2 - 3.4 stayed in their territories during most of 

the breeding season. None of them was seen more than 5 m outside their territories during 

breeding, which indicates that there is virtually no overlap between territories. Seven out of 

the 13 banded birds occupying territories during the breeding season in the monsoon-

rainforest in 1992/93 (Fig. 3.2) were not recorded during the following breeding season (Fig. 

3.3). Each of their territories were reoccupied, though some territorial boundaries had clearly 

shifted. Half of the banded birds present in the second breeding season (1993/94) still held 

approximately the same territories in the third season (1994/95) (Fig. 3.4). One female (RG) 

had changed her partner, and was occupying an adjacent territory. Two birds, which had held 

territories during the first breeding season, but not the second, were recorded again in the 

third: GG male was noted at the same location as previously, and BG (unsexed) had moved 

more than 300 m southwards. 

Due to above-average rainfall during the 1994/95 wet season, part of the monsoon-

rainforest at Fogg Dam was inundated in February 1995. Four out of ten territories in the core 
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Figure 3.2 Territories of Rainbow Pitta pairs during the 1992/93 breeding season in the monsoon-

rainforest at Fogg Dam overlaying 50 m x 50 m grid-system. 

Letters in the territories show the colour-band combinations (B = blue, G = green, M = mauve, R = red, Y = 

yellow, - = unbanded). Breeding partners are separated by oblique strokes; underlined combinations show birds 
determined as males. The broken line indicates a boardwalk. 
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Figure 3.3 Territories of Rainbow Pitta pairs during the 1993/94 breeding season in the monsoon-

rainforest at Fogg Dam (for explanations see Fig. 3.2). 
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Figure 3.4 Territories of Rainbow Pitta pairs during the 1994/95 breeding season in the monsoon-

rainforest at Fogg Dam (for explanations see Fig. 3.2). 

area of this site were completely under water in this season, unlike former years when 

territories of these birds were only partly inundated. All birds in entirely inundated territories 

moved away, while those in partially-inundated territories stayed. Only minor inundation was 

registered in the Syzygiuml Barringtonia forest and Lophostemon forest, and no flooding at all 

was recorded in the eucalypt forest. 

Most colour-marked adults which were mapped in the core area of the study site at 

Fogg Dam (Fig. 3.5) showed a relatively weak partner-fidelity. One pair (MR male, OL 

female) stayed together for the 1992/93 breeding season. The female disappeared at the 

beginning of the 1993 dry season, and her mate was seen with an unbanded female the 

following breeding season. The latter was banded (WO) in December 1993, and subsequently 

both birds were seen feeding their recently fledged young. One month later, WO disappeared 

and an unbanded female was seen feeding nestlings together with the MR male. The mate 

(GM) of another male (RR) was banded at the end of the 1993/94 breeding season, when both 

birds were feeding their nestlings. This female was last seen a few days later. The male was 

recorded breeding with an unbanded female the subsequent season. One pair (RO male, RG 

female) stayed together for a whole breeding season, but both members were seen with new 

mates the subsequent breeding season (RO with unbanded bird, and RG with GG). Another 
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Colour-hand Sex 1992 1993 1994 1995 

combination A SONDJFMAMJJA S ONDJFMA MJJA S ONDJF 

RM M b----------------------------------------------------------- d 

RY F b---------------------------------------------------- d 

YR M b------------------------------------------ d 

RR M b---------------------------------------------------------------------------- > 

GM F b-d 

BR b -------------------------------------------------------------------------- > 

MR M b------------------------------------------------------------------ > 

OL F b ---- d 

WO F b-d 

YB M b-------------------------------------------------------------------------- > 

RO M b----------------------------------> 

RG F b ------------------ 

MB* ------------ d 

RG F > 

GG M b--------------------------------------------------------------------------- > 

BO M b------------------------------------------------------------------ > 

BB M b-----------------------------------------> 

GR F b---------------------------------> 

OW M b---------------------------------> 

Figure 3.5 History of individual Rainbow Pittas in core area of the study site at Fogg Dam, excluding 

juveniles. 

Solid vertical bars group colour-band combinations of breeding partners; horizontal lines, lifespan of birds; 
vertical broken line, change of breeding partner; b, date of banding; d, date of disappearance. All individuals, 
except BR, were recorded to breed at least once during the period of study. 

* MB was banded in January 1984 (J. McKean, pers. comm.). 

pair (RM, RY) stayed together for the first two breeding seasons, but both members 

disappeared prior to the third breeding season. Both members of a pair (BB male, GR female) 

were banded at the onset of the 1993/94 wet season, and were still paired at the end of the 

study period. 

Of the three adults banded in the eucalypt forest at Fogg Dam, one was seen in two 

subsequent breeding seasons near the place it had been banded, and another one was recorded 
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during two breeding and subsequent non-breeding seasons close to the place of banding. Two 

birds (RB, OL) both caught at East Point on 6 December 1992 occupied the same territories in 

all subsequent seasons and years. but OL was found dead beside the road through the reserve 

on 21 August 1994. At Holmes Jungle BB was present in the same territory for the 12 months 

over which mapping was conducted (November 1992 to October 1993). 

Of 70 nestlings banded at the major sites, only one was recorded more than one month 

after fledging. This bird was banded at East Point in mid-March 1995 and was caught four 

months later at the Northern Territory University in the suburbs of Nakara, 6.5 km north-east 

of its place of birth, and almost 1 km away from the nearest suitable habitat (Casuarina 

Coastal Reserve). This observation and the disappearance of fledglings from their natal sites, 

indicates dispersal of juveniles to other patches of monsoon-rainforest or other suitable 

habitat. One bird was captured at Fogg Dam in August 1993 as juvenile, and resighted in June 

1994 at another place in the monsoon-rainforest, 520 m away from the banding location. This 

bird may have been captured after it had left its natal territory. 

Mean annual survivorship of males at Fogg Dam during the whole period of study was 

88% (Table 3.4). One bird (MB) that I recorded at Fogg Dam had been banded as adult during 

another study at this site in January 1984 (J. McKean; pers. comm.). When last observed on 

January 1993, this bird was at least ten years old. 

Table 3.4 Survival of adult Rainbow Pitta males in core area of study site at Fogg Dam. 

Year banded' No. adults banded No. of males known 

and sexed as males to be alive after 

lyear 2years 

1992/93 6 6 4 

1993/ 94 4 4 

1994/ 95 0 

Total no. of birds present: 6+10 = 16 

Total no. of these birds present one year later: 6+8 = 14 

Average annual survival: 14/16 = 0.875 (88%)  

Banding years covering the period of 1 July to 30 June of the subsequent year. 
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Noisy and Red-bellied Pittas were observed together only during the wet season 

1994/95 at Iron Range. Both species were seen together at three locations, suggesting that 

their territories overlapped. 

3.3.3 Abundance of other ground-foraging insectivorous birds 

In the Northern Territory, Orange-footed Scrubfowls showed no significant variation in 

density between bimonthly samples (ANOVA, F = 1.7, n = 117, p > 0.05) or between the 

1993 and 1994 calendar-years (F = 0.1, p  >0.05) (Fig. 3.6). The relatively high fluctuations in 

density of Scrubfowls compared with Rainbow Pittas (cf. Fig. 3.1) can be explained by the 

difference in the census methods used. Pittas were detected by calls, while Scrubfowls were 

detected by sight. Most Scrubfowls were seen close to the transect line, leading to narrow 

bands and thus, relatively high density values for individual observations, while many Pittas 

were heard further away from the transects, leading to low individual values. Differences in 

numbers of birds counted therefore caused clearer variation in cumulative density estimates 

for Scrubfowls than for Pittas. 
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Figure 3.6 Mean density ± s.e. (n = 3 for each X) of Orange-footed Scrubfowls, estimated by 

bimonthly counts along transects at the major sites. 
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There was a significant variation in densities between sites (F = 3.4. n = 20, p  <0.05). 

Fewer Scrubfowls were counted at Fogg Dam ( X = 0.22 birds ha') than at East Point ( X = 

0.35 birds ha', LSD test, p < 0.05). The densities between Holmes Jungle ( X = 0.28 birds 

ha1) and these two sites, however, were not significantly different (LSD test, p > 0.05). There 

was no significant variation in the density of Scrubfowls between different types of habitat at 

Fogg Dam (F = 1.0, n = 20, p  >0.05) (Table 3.5). Although this species was not recorded in 

the eucalypt forest during transect counts, it was observed in this habitat on other occasions. 

In northern Queensland, Scrubfowls were present at all sites during both seasons 

(Table 3.6). The highest estimated density was at Dunk Island with 0.84 birds ha 1 , and the 

lowest at Lake Eacham with 0.07 birds ha 1 . It was not possible to detect seasonal variation in 

densities of this species within sites, because of the low numbers of birds seen per transect 

( X = 2.8 birds), and low sample sizes. This species showed a similar density at the 

combined sites in Queensland (0.33 birds ha') as in the Northern Territory (0.28 birds ha1, 

Mann-Whitney U = 3.0, n = 7, p > 0.05). Australian Brush-turkeys were also present at all 

Queensland sites during both seasons (Table 3.7). The relatively high numbers of birds seen at 

Dunk Island and Lake Eacham can partly be explained by the tameness of the birds there, due 

to frequent visitation by tourists. 

The two smallest birds considered in this study, the Grey-headed Robin and the 

Eastern Whipbird were combined for analysis, because these species were recorded in 

relatively low numbers. Both species were seen at Lake Eacham, while at Kuranda only the 

Whipbird was seen, and at other sites neither species was recorded (Table 3.8). A mean of 

0.53 birds km' of the latter two species was seen along all transects combined, compared 

Table 3.5 Estimates of mean density (birds ha') ± s.d. of Orange-footed Scrubfowl in five types of 

habitat at Fogg Dam in November and December 1994 (n = 4 for each X). 

Paperbark Monsoon- Lophostenion Eucalypt 

forest rainforest forest' forest forest 

Mean 0.21 0.21 0.52 0.31 0 

s.d. ± 0.40 ± 0.26 ± 0.76 ± 0.40 - 

Syzyciuml Banintonia forest 
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with 1.16 Brush-turkeys and 1.28 Scrubfowls krn* There were no significant correlations 

between the abundance of each of these birds in all Queensland sites combined and the density 

of Noisy Pittas (R, = 0.07 for Scrubfowl. R, = - 0.14 for Brush-turkey, and Rç  = - 0.39 for 

Grey-headed Robin and Whipbird combined, all a = 9, p > 0.05). 

Table 3.6 Estimates of mean density (birds ha') ± s.d. of Orange-footed Scrubfowl in northern 

Queensland during dry season (Dry) and wet season (Wet) (n = 3 for each X). 

Dunk Lake Cairns Kuranda2 Iron 

Island Eacham' Range 

Dry 0.65±0.38 0.03±0.05 0.12±0.13 NR 0.09±0.10 

Wet 1.02 ± 0.42 0.10 ± 0.15 0.51 ± 0.13 0.09 ± 0.16 0.09 ± 0.16 

Only two instead of three censuses were conducted at Lake Eacham during both seasons. 

2  Kuranda was only visited during the wet season. 

Table 3.7 Relative abundance (birds krn 1 ) ± s.d. of Australian Brush-turkeys on transects in northern 

Queensland during dry season (Dry) and wet season (Wet) (n = 3 for each X). 

Dunk Lake Cairns Kuranda2  Iron 

Island Eacham' Range 

Dry 1.99 ± 1.13 1.49 ± 1.50 0.74 ± 0.26 NR 0.36 ± 0.63 

Wet 0.54±0.54 4.26±0.32 0.15 ±0.26 0.18 ±0.31 0.72±1.26 

Only two instead of three censuses were conducted at Lake Eacham during both seasons. 

2  Kuranda was only visited during the wet season. 

Table 3.8 Relative abundance (birds km') ± s.d. of Grey-headed Robins and Eastern Whipbirds 

combined on transects in northern Queensland (D = dry season, W = wet season) (n = 3 for each X). 

Dunk Lake Cairns Kuranda2  Iron 

Island Eachain' Range 

Dry 0 1.28 ±0.60 0 NR 0 

Wet 0 2.98± 1.20 0 0.91 ± 0.63 0 

Only two instead of three censuses were conducted at Lake Eacham during both seasons. 

2  Kuranda was only visited during the wet season. 
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3.4 Discussion 

3.4.1 Seasonal abundance 

Rainbow Pittas were recorded mainly in monsoon-rainforests, but at Fogg Dam were 

also common in Syzygium! Barringtonia forest and Lophostemon forest. The 

presence of this species in the latter two habitat types is probably due to the 

luxuriance of the vegetation at this site, which could be caused by the influx of 

nutrients from the adjacent floodplain. Habitats of less importance were the 

paperbark forest and eucalypt forest at the same site, both having relatively low 

densities of Pittas. Paperbark forests cannot be inhabited all year-round, because part 

of this habitat is completely inundated during the late wet and early dry seasons. The 

lack of records in mangroves indicates that this habitat is of minor importance for 

this species. However, mangroves often occur adjacent to dry/ coastal monsoon-

rainforests, so it is likely that Pittas occasionally wander from the latter into adjacent 

mangroves. These observations and my records of this species in odd habitats like 

pine and banana plantations at Fogg Dam and the clearing at Dundee Beach, indicate 

that the Rainbow Pitta is fairly flexible in its habitat requirements, and may occur in 

a variety of habitats that are adjacent to monsoon-rainforests. 

The Rainbow Pitta showed a higher density at Fogg Dam, than at East Point 

or Holmes Jungle, which explains the relatively high capture rates at the former site. 

The variation in density of birds between these sites is likely due to local differences 

in invertebrate abundance. A higher density of invertebrates was recorded at Fogg 

Dam than at East Point and Holmes Jungle (see chapter 6). 

The sedentariness of Rainbow Pittas (Blakers et al. 1984) is confirmed by the 

residence of colour-marked birds at Fogg Dam and East Point. Adults remained at 

the same sites during breeding and non-breeding seasons. The observations of an 

immature bird 6.5 km away from its natal territory, and the lack of resightings of 70 

banded nestlings, more than I month post-fledging (chapter 8), indicates that young 

disperse to other patches of suitable habitat. 
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My transect counts at Fogg Dam underestimated the density of Rainbow 

Pittas by a factor of 3.2 relative to densities from mapping colour-marked 

individuals. Woinarski et al. (1988) estimated the densities of Rainbow Pittas by 

counting birds seen and heard in 0.25 ha quadrats in two patches of lowland 

monsoon-rainforest at Howard's Peninsula near Darwin at the onset of the dry 

season. Their estimates were 0.88 and 0.64 birds ha 1 , which are clearly more similar 

to my values from mapping colour-marked individuals at Fogg Dam and East Point 

(1.25 and 0.65 birds had , respectively), than my estimates from transect counts (0.38 

and 0.17 birds ha', respectively). Although several authors regarded point counts as 

less accurate than transect counts (Jarvinen 1978; Arnold 1984; Recher 1984; Verner 

1985; Smith 1986), the adequacy of each method depends on the habitat and species 

concerned (Bell & Ferrier 1985). Pittas are more often heard than seen, with pauses 

of a few minutes up to several hours between periods of calling (pers. obs.). It is 

therefore likely that many quiet individuals are missed during transect censuses, 

whereas during counts in small quadrats, the observer remains for a longer period in 

hearing distance of birds, and is therefore more likely to hear all birds present. The 

relatively high values of Woinarski et al. (1988) are, however, surprising because 

their censuses were conducted in April and May, when Pittas normally moult and are 

relatively quiet (see chapter 2). Although transect censuses usually underestimate 

true densities of birds, they nevertheless give a good relative index of abundance for 

different habitats and sites (Hermes 1978; Bell & Ferrier 1985). 

The significantly higher abundance of Rainbow Pittas in 1993 compared to 

1994 was mainly due to relatively high bird numbers in the 1992/ 93 breeding 

season. The subsequent decline can partly be explained by the very short duration of 

breeding during this season compared to the two following years, probably resulting 

in fewer offspring. 

Rainbow Pittas at the major sites showed higher densities than Noisy Pittas 

in northern Queensland. However, this result must be treated cautiously, because of 

the small sample size from Queensland. The relatively low density of Noisy Pittas 

could be related to the high species richness of ground-foraging insectivorous birds 

in this region, compared to the Top End of the Northern Territory. Noisy Pittas 
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apparently shared their food resource with at least ten other species in northern 

Queensland (see Table 3.9), while Rainbow Pittas shared it with only one, the 

Scrubfowl. Food availability, measured in biomass/ number of litter invertebrates, 

was similar between both regions during the dry season, and was even higher in the 

Top End during the wet season (chapter 6). Whether interspecific competition for 

food resources among ground-foraging insectivorous birds is higher in northern 

Queensland than in the Top End can only be evaluated with additional data 

concerning the diet of each species from this region and behavioural interactions 

between them. My data of similar densities of Scrubfowls in both regions may 

suggest minor differences in the importance of interspecific competition between the 

two regions. 

The rainforests of Cape York and lowland rainforests of New Guinea belong 

both to the Irian avifaunal element (Schodde & Calaby 1972). Bell (1982) estimated 

the density of Red-bellied Pittas in a lowland rainforest near Port Moresby, New 

Guinea, as 0.3 birds per hectare, much higher than my estimates of this species at 

Iron Range in Cape York (0.08 birds ha'). The difference in density may again be 

due to the difference in methods used, as Bell used a combination of spot-mapping 

based on sight, and distances between calling birds to estimate their density, whereas 

I used transect censuses. Because Red-bellied Pittas did not respond to playback 

calls, my density values of this species may well be underestimated compared to 

Rainbow and Noisy Pittas, which both answered to playback calls. 

Rainfall pattern greatly affects seasonal abundance of rainforest litter 

invertebrates (Levings & Windsor 1985; Frith & Frith 1990; chapter 6, this study). 

The Rainbow Pitta is sedentary in an environment with a very seasonal rainfall, 

where there is a dramatic change in the composition of litter invertebrates, and 

consequently the diet of this bird. This species fed predominantly on insects during 

the dry season, and on earthworms during the wet season (chapter 7). The significant 

positive correlation between earthworm abundance and Pitta density suggests that 

these invertebrates are a key factor in habitat choice. 
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Small-scale altitudinal or latitudinal migration is hardly possible for the 

Rainbow Pitta because of the lack of mountain ranges in its rather restricted 

geographical range. The distance between the Top End of the Northern Territory and 

Timor, the nearest substantial island, is about 500 km, compared with the 200 km 

gap between southern New Guinea and the northern tip of Cape York, over which 

the Red-bellied Pitta and possibly the Noisy Pitta migrate (Blakers et al. 1984, 

Coates 1990). The latter species is however generally rare in New Guinea (Coates 

1990). Local migration has been suggested for Australian populations of the Noisy 

Pitta (Bell 1968; Blakers et al. 1984). The lack of records of Noisy Pittas at several 

sites in Australia during the dry season (Bell 1968; Blakers et al. 1984) can partly be 

explained by the lower frequency of calling at this time of the year (see chapter 5). 

Some altitudinal migration of Noisy Pittas in September to November to the 

highlands and back to the lowlands in March to April has been suggested (Storr 

1973). This accords with my data showing the absence in the wet season of this bird 

from Dunk Island and coastal Cairns (where they spent the dry season), and presence 

at Kuranda on the Atherton Tableland at the onset of the wet season. This migration 

may well be related to altitudinal variation in food availability, but this could not be 

tested due to the small sample size of litter invertebrates (see chapter 6). Two Noisy 

Pittas were recorded at Cairns on December 25 and 26, but were not recorded on the 

two subsequent days. Both birds called frequently, so it is unlikely that they were 

missed on the latter two days. These two birds may have been late migrants leaving 

Cairns or birds stopping briefly while on passage from elsewhere. Records of night-

flying Pittas striking power-lines in suburban Brisbane (Jack 1963), and reports of 

this species from non-forest habitats in the same region in April and May also 

indicates movements of southern populations (Woodall 1993). A gradual latitudinal 

increase in morphometrics of this species (from 10°  to 30°  S), without seasonal 

variation in measurements at same locations, suggests movements to be restricted to 

relatively short distances (North 1909; Woodall 1993). 

There was a clear variation in taxonomic composition of litter invertebrates 

within the Atherton Tableland, which may be related to small differences in altitude. 

During the wet season, the dominant class of invertebrates in quadrats throughout 
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the rainforest at Lake Eacham (750 in asl) was crustaceans (6217c). in contrast to 

Kuranda (400 m asl), where insects predominated (90%). A similar number of 

invertebrates was collected at both sites (see chapter 6). This difference in 

invertebrate composition may explain the absence or rarity of Noisy Pittas at Lake 

Eacham, in contrast to Kuranda where they were common at least during the wet 

season. Although crustaceans have once been noted in the diet of Noisy Pittas, in 

contrast to several records of insects (Barker & Vestjens I 984b), these relatively 

small amphipods (73% of crustaceans sampled in Queensland) may not be sufficient 

to meet the energy requirement of pittas breeding and feeding young. 

Abundance of Noisy Pittas at Iron Range was similar during both dry and wet 

seasons, indicating that this species is sedentary at this site, in contrast to the Red-

bellied Pitta, which is well known to be present at Cape York only during the wet 

season (e.g. Macgillivray 1914; Blakers et al. 1984). Migration allows birds to 

exploit seasonal feeding opportunities (Gill 1989). They breed when these regions 

are productive, and move out again before conditions deteriorate (Perrins & 

Birkhead 1983). New Guinea has a more humid climate and more regular rainfall 

than Cape York (McAlpine 1983), and therefore probably supports a more stable 

food supply of litter invertebrates. The Red-bellied Pitta follows the usual pattern of 

birds migrating to higher latitudes for breeding, where food is relatively abundant in 

spring! summer (Moreau 1972; Baker 1978). Many Australian bird species migrate 

along the east coast, and some, like the Red-bellied Pitta, undertake seasonal 

movements across the Torres Strait, including the Channel-billed Cuckoo Scythrops 

novaehollandiae, Common Koel Eudynamis scolopacea, Sacred Kingfisher Halcyon 

sancta, Rainbow Bee-eater Merops ornatus, Dollarbird Eurystomus orientalis, 

Cicadabird Coracina tenuirostris, Black-faced Monarch Monarcha melanopsis, Satin 

Flycatcher Myiagra cyanoleuca, and Leaden Flycatcher M. rubecula (Blakers et al. 

1984). The departure of Red-bellied Pittas from Cape York at the end of the wet 

season, while some populations of the Noisy Pitta seem to be sedentary (at least at 

some sites like Iron Range), indicates that the latter species can cope better with the 

local seasonal variation in food availability. A wide variety of food items have been 

recorded in the diet of the Noisy Pitta during limited sampling periods (Taylor & 

Taylor 1995; Barker & Vestjens 1984b; chapter 7, this study), suggesting that this 
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species is catholic in its diet. A broad diet may enable the Noisy Pitta to switch to 

food resources, such as insects, abundant during the dry season. In accordance with 

this hypothesis. H. Bell (in Howe et al. 1981) suggested that rainforest birds in 

northern Queensland are more generalised foragers than their ecologically equivalent 

species in New Guinea. 

The ground-foraging Buff-breasted Paradise-Kingfisher Tanysiptera sylvia, 

like the Red-bellied Pitta, migrates from New Guinea to rainforests in northern 

Queensland for breeding. Observations of a breeding pair of this species near 

Mackay showed that their most common prey was earthworms (Andrews & Brickhill 

1995), the only food item I recorded in the Red-bellied Pitta (chapter 7). Similarities 

in the migration pattern between these two species could be related to a dependence 

on earthworms and other moisture-requiring invertebrates, which are more common 

during the wet season (chapter 6), and which are likely to show clearer fluctuations 

in abundance in the more seasonal climate of Cape York than in New Guinea. Lack 

of migration in the Rainbow Pitta, despite dietary specialization, probably relates to 

the lack of alternative suitable habitats outside of, and close to north-western 

Australia (> 500 km; cf. 150 km between Cape York and New Guinea). 

3.4.2 Site fidelity and survivorship 

Males of the Rainbow Pitta apparently had a stronger site-fidelity and were more 

territorial than females, as indicated by the higher calling frequency of males and 

observations of territorial displays performed by only this sex (see chapters 4, 5). 

Females showed some local movements, but this conclusion is based on only a small 

number of banded and sexed females. GG male, who occupied the same breeding 

territory during the first and third breeding season (but was not recorded during the 

second) may have moved because his territory, adjacent to paperbark forest, was 

partly inundated at the end of the first season, and he subsequently failed to regain 

his territory during the second season. The high level of inundation in February 1995 

forced several birds to leave their flooded territories. Inundation may be the major 

cause of local movements of males, leading to their disappearance from the core area 

of the study site. 
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A male (MR), who was seen in the company of two different mates within a 

month, had either changed his partner, as indicated by the disappearance of his first 

mate (WO), or was polygynous. Males obtaining a second mate have been recorded 

for several typically monogamous species including the Common Dipper Cinclus 

cinclus in Europe (pers. obs.), and the Rufous-banded Honeyeater Conopophila 

albogularis in the Top End (R. Noske, pers. comm.). 

Adults in the eucalypt forest at Fogg Dam, as in the adjacent monsoon-

rainforest, seemed to be sedentary. The lack of adult birds moving between these 

two habitat types indicates a similar habitat quality. Although food availability 

(estimated by abundance of earthworms) was higher in the monsoon-rainforest 

during the breeding season, the eucalypt forest had the advantage of lower egg 

predation rates and lack of inundation (see chapters 6, 9). 

Australian temperate birds show higher annual survival rates than species in 

Europe and North America, which is probably related to the profound food shortage 

and harsh conditions during winter in the latter region (Ford 1989). Survival rates of 

Australian temperate passerines tend to be between 60% and 80% (Nicholls & 

Woinarski 1988; Ford 1989; Brown et al. 1990; Noske 1991; Wilson 1995), 

although that of Silvereyes Zosterops lateralis and Brown Thornbills Acanthiza 

pusilla is even higher (91% and 87%, respectively) (Kikkawa 1980; Bell 1985). Low 

mortality rates have also been suggested for adult birds in the humid tropics, and 

have been attributed to stable climate and year-round food availability (Skutch 1940, 

1949; Fry 1980). These factors contrast with the strongly seasonal rainfall of the Top 

End, which causes significant seasonal variation in abundance and composition of 

litter invertebrates (see chapter 6). Rainbow Pittas changed their diet from 

predominantly insects in the dry season, to earthworms in the wet season, which 

probably reduces the effect of the lean period on this species (chapter 7), and 

accounts for their high survivorship. However, my calculations of survival of Pittas 

were based on males only, which may enjoy higher survivorship than females which 

apparently disperse more frequently than males. 

One female (GM) was not re-sighted a few days after banding, and another 

(WO) a few weeks after banding, indicating a link between capture and 
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disappearance. Both females were banded after their young fledged. It is therefore 

possible that these females moved away from their territories due to stress 

experience during banding and handling, and previous nest inspections (see chapter 

8). 

3.4.3 Foraging ecology of ground-dwelling insectivorous birds 

The Scrubfowl seems to be the only bird in the Top End that overlaps significantly 

with the Rainbow Pitta in diet. The Scrubfowl feeds on fruits, seeds, earthworms, 

snails, insects and other invertebrates (Barker & Vesijens 1984a; Coates 1990). All 

these food items except seeds have also been recorded from Pittas (see chapter 7). 

While pittas feed mainly on invertebrates (chapter 7), plant matter appears to be 

more dominant in the diet of megapodes (Lea & Gray 1935; Frith 1986). Differences 

in habitat preferences between the Rainbow Pitta and Scrubfowl are also indicated 

by the low densities of Scrubfowls away from coastal regions (Woinarski 1993), 

while Pittas are most abundant in wet/ basic monsoon-rainforests (chapter 10), a 

forest type mainly associated with floodplain margins or limestone springs in more 

inland regions (Russell-Smith 1991). 

Pittas in northern Queensland shared their habitat with a larger number of 

ground-foraging insectivorous bird species than Rainbow Pittas in the Northern 

Territory. Most birds of this foraging guild observed in Queensland showed distinct 

differences in abundance between sites, which is partly due to their limited 

distributions (see Table 3.9). For example the Pale-yellow Robin and White-faced 

Robin appear to replace each other in the Cairns and Cape York regions, 

respectively. Possible competition between sympatric ground-foraging insectivorous 

species is partly reduced by differences in size of species: e.g. moderately sized birds 

like pittas and the Ground-Thrush feed on large snails (Helix) (Franca 1967; Barker 

& Vestjens 1984b), which are clearly too large to be preyed upon by smaller birds 

like scrub-wrens. All species eat insects, however, the Brush-turkey may, like the 

Scubfowl, eat more plant matter like fruits and seeds than pittas (Frith 1986). 

Many of these ground-foraging species are somewhat segregated by foraging 

behaviour. The Scrubfowl, Brush-turkey, Noisy and Red-bellied Pittas, Ground-

Thrush, Whipbird, Chowchilla and Fernwren scratch in the litter and collect items 
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hidden under leaves, while the remaining species glean items from the surface of the 

litter (Schodde & Tidemann 1986). Species like the Pale-yellow Robin and White-

faced Robin typically dive onto prey from trees, and therefore probably take more 

flying insects than do pittas. Red-bellied Pittas (and Rainbow Pittas) were 

Table 3.9 Local distribution' and diet2  of medium and small ground-foraging insectivorous 

birds in rainforests of northern Queensland. 

Species Diet Distribution 

Orange-footed Scrubfowl fruits, seeds, shoots, CA,AT,CY 

Merapodius reinwardt snails, insects 

Australian Brush-turkey Alectura lathami fruits, seeds, insects CA,AT,CY 

Red-necked Crake Rallina tricolor worms, snails, insects, CA,AT,CY 

crustaceans, frogs 

Buff-breasted Paradise-Kingfisher snails, insects, frogs, CA,CY 

Tanysiptera sylvia lizards 

Noisy Pitta Pitta versicolor fruits, worms, snails, CA,AT,CY 

insects 

Red-bellied Pitta P. erythrogaster snails, insects CY 

Australian Ground-Thrush fruits, worms, snails, CA,AT 

Zoothera lunulata insects 

Grey-headed Robin Poecilodryas albispecularis snails, insects, spiders AT 

Pale-yellow Robin Tregellasia capito insects CA, AT 

White-faced Robin T. leucops insects CY 

Northern Scrub-robin Drymodes superciliaris snails, insects CY 

Eastern Whipbird Psophodes olivaceus insects CA,AT 

Chowchilla Orthonyx spaldingii insects CA,AT 

Australian Fernwren Crateroscelis gutturalis snails, insects, spiders AT 

Tropical Scrubwren Sericornis beccarii insects CY 

Atherton Scrubwren S. keri snails, insects AT 

'Distribution according to Storr (1973), and Blakers etal. (1984); CA, lowlands in Cairns region 

AT, Atherton Tableland; CY, Cape York Peninsula. 
2  Diet referring to Schodde and Tidemann (1986) 
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occasionally observed to flick their tails up and down a few times. the function of 

which may be in flushing invertebrates from the litter. The effectiveness of flushing 

prey is likely to increase by foraging in intraspecific groups, as recorded for the 

Chowchilla (Lavery 1986). 

A further difference between the foraging behaviour of some of these species 

is the manner in which they scratch in the leaf litter: pittas use their bills, while the 

Chowchilla, Whipbird and megapodes use their legs. It is likely that a higher amount 

of leaf litter can be turned over by using the legs than the bill, which therefore 

requires the Noisy Pitta to have a greater ability to detect invertebrates in order to 

find sufficient food. Rainbow Pittas were often observed to pause for a few seconds, 

before hopping resolutely to a spot a few metres away from which they extracted an 

invertebrate, usually within seconds (pers. obs.). This behaviour pattern indicates 

that, rather than scratching randomly in the leaf litter, pittas locate invertebrates by 

smell, vibration, sound, or movement of leaves created by the activity of their prey. 

The possibility of locating prey by smell is indicated by the finding that pittas have 

the largest olfactory ratio among passerines (Garrod 1876), but the relative 

importance of the senses requires testing in captive birds. 

Crome (1978) studied the foraging ecology of the most conspicuous species 

in lowland rainforest near Mission Beach in northern Queensland, and found that the 

Chowchilla had the most similar foraging ecology to the Noisy Pitta, but the former 

was heavier and had a proportionally narrower bill than the Pitta. Both species have 

a similar diet and overlap in distribution in the Cairns/ Atherton Tableland region 

including Atherton Tableland (Barker & Vestjens 1984b; Blakers et al. 1984). The 

previously mentioned difference in foraging behaviour between these two species 

may allow further partitioning of food resources between them. 

In summary, the relatively rich ground-foraging insectivorous bird guild in 

northern Queensland, is probably partly partitioned by size, distribution, diet, and 

foraging behaviour. However, there is still a clear overlap in types of prey consumed, 

which may account for the low density of most of these species. 
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4.1 Introduction 

Behaviour of birds can be conveniently divided into two broad categories: social 

behaviour, which involves interactions between individuals of the same or other 

species, and individual behaviour, which includes preening and foraging (Hailman 

1985). Several displays have been described for pittas (Pitta erythrogaster, Beruldsen 

& Uhlenhut 1995; P. versicolor, Taylor and Taylor 1995; P. sordida, Lee et al. 

1989). The frequency of such displays have not been documented for this family, 

and activity patterns have been recorded for only a few tropical birds including 

Eulampis jugularis, a hummingbird of the Lesser Antilles, and the Malachite Sunbird 

Nectarinia famosa in Kenya (Wolf & Hainsworth 1971; Wolf 1975). Time/ energy 

budgets, describing the amount of time and energy allocated to several clearly 

defined activities, have mostly been carried out on relatively sedentary birds that are 

easy to observe for long periods of time (Pearson 1954). 

The present section describes and interprets social behaviour and a selection 

of individual behaviours for the three Australian pitta species. The amount of time 

individuals were engaged in specific categories of behaviours was recorded in time 

budgets. The frequency with which Rainbow Pittas indulged in flying, and the 

distances they moved, were also recorded. These parameters and time budgets were 

analysed for seasonal and interspecific variation. 

4.2 Methods 

4.2.1 Types of behaviour 

Behavioural observations were normally made whilst documenting time budgets of 

the Rainbow, the Noisy and the Red-bellied Pitta. All types of social behaviours and 

their context were noted whenever possible. A few selected individual behaviours 

were also recorded. Rainbow Pittas were sexed by their calling frequency, males 

calling more often than females (chapter 5). 
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4.2.2 Time budgets 

Every two months from February 1993 to February 1995, the time budget of the 

Rainbow Pitta was recorded at Fogg Darn, East Point and Holmes Jungle. 

Observations of the Noisy and the Red-bellied Pitta were made at Cairns, Kuranda 

and Iron Range in July! August 1994 and December 1994! January 1995. Rainbow 

Pittas were observed for total of 80 hours, Noisy Pittas for nine hours and Red-

bellied Pittas for three hours. 

On successive days, I walked along the footpaths at the study sites and 

searched for birds, without song playback. Each adult encountered was followed for 

up to 30 mm, except during the moulting period (February to April) when pittas 

were followed for up to 60 mm, due to difficulty of locating birds at that time. 

Individuals were followed at a distance of 20 m to 50 m. The distance was increased 

if the behaviour of the bird seemed to be influenced by the presence of the observer. 

Recording was stopped if the focal bird moved completely out of sight, and such 

interruptions were excluded from later analyses. To avoid bias, recording was only 

resumed if the observed bird was relocated within two minutes. If birds were found 

by calling, time budget data were not collected until 10 min had lapsed to avoid 

sampling bias. Each minute of observation I recorded the dominant activity over the 

whole 60 seconds. The drawback of this method is that brief activities are 

underestimated. 

Six categories of behaviours were recorded, defined as follow: 

Foraging - The bird was hopping along the forest floor, regularly raking the leaf 

litter with its bill. 

Resting - The bird was resting on the forest floor, on a log or in a tree. 

Maintenance - The bird was preening its plumage. 

Calling - The bird was uttering standard calls. 

Interaction - The bird was chasing another pitta, was chased by another bird, or 

displayed to another pitta. 
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Breeding - This category included nest building, collecting and flying with nest 

material, collecting and flying with food for nestlings, feeding nestlings and 

staying in nest. 

Other activities such as sunning or giving alarm calls, were witnessed 

occasionally, but as they lasted less than 30 s, they were excluded from analyses. The 

behaviours were normally clearly defined and showed little or no overlap, although 

maintenance and calling occasionally alternated several times within a 60 s period. 

In this case, the behaviour that was longer during each minute was noted. 

For Rainbow Pittas, I recorded the frequencies of flights during each 

observation period. The distances this species moved during observations lasting 30 

min were also recorded. The locations of the bird at the beginning and at the end of 

these observations were marked with coloured flagging tape. The distance between 

the two colour flags was then estimated to the nearest metre by pacing. 

4.2.3 Statistical analysis 

Data were stored on "Microsoft Excel" and analysed with "Statistica for Windows" 

(release 4.5; Stat Soft, Tulsa, USA). Mann-Whitney U-tests were used to compare 

seasonal differences in time spent on specific behaviour categories, in number of 

flights and in distances moved by the Rainbow Pitta. For seasonal analyses all data 

collected from October till February were allocated to the breeding season (chapter 

8) and the remainder to the non-breeding season. 

4.3 Results 

4.3.1 Individual and social behaviour 

In the standard posture pittas stand upright (Figure 4.1 a), the leg slightly bent and 

the body held forward at a 60°  to 70°  angle. Standard postures of the Rainbow Pitta, 

the Noisy Pitta and the Red-bellied Pitta were very similar to each other. This 

posture was shown when pittas were foraging, or when they were resting on the 

ground, on a log or on a branch. In the sunning posture, witnessed five times, the 

bird squatted on the forest floor, and stretched its wings out for up to 30 s. The 

breast and the ventral surface of the wings touched the ground. The white spots on 

the primaries were conspicuous. This behaviour was shown when a foraging 
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Rainbow Pitta reached an area on which the sun was shining through the dense 

foliage. 

A bowing display by Rainbow Pittas was witnessed on more than 30 

occasions, and normally involved two birds standing parallel to each other on the 

ground or on a perch, 1-10 in apart. Both birds bowed for 5-20 s, then hopped for a 

few metres, and bowed again. The display was performed simultaneously by 

neighbours along territory boundaries mostly during the breeding season. 

Participants were identified ten times, and all cases, it/ they were males. When 

bowing, Pittas first changed from the standard posture to an upright posture (Figure 

4.1 a,c). The legs were straighter, body vertical and neck extended. The bird then 

bowed its body slowly toward the floor, taking about 5 s, almost touching the ground 

with its breast (Figure 4.1 d). The whole body from tail to head was held in a stiff 

line. The performing bird constantly moved between upright posture and bowed 

posture, giving the purring call, described in chapter 5. At Iron Range, I watched a 

single unsexed Red-bellied Pitta indulge in a display which closely resembled the 

bowing display of the Rainbow Pitta, but it was not accompanied by calls. 

Wing flicking involved flicking the wings at intervals of about 5 s while 

standing in the standard posture. Each flicking of the wings took less than one 

second, and the wings were only partly opened. This behaviour was always 

accompanied by the alarm call (chapter 5), and was performed by Rainbow Pittas on 

perches near occupied nests when potential egg- or nestling predators approached. It 

was observed 15 times when the observer approached a nest, and once when a 

Sulphur-crested Cockatoo Cacatua galerita was close to the nest. 

A wing-spreading display was witnessed three times when I was close to 

nests with young birds. Standing in an upright posture (Figure 4.1 c), the Pitta partly 

opened its wings in the vertical plane for about three seconds (Figure 4.1 b), while 

giving the alarm call (chapter 5). Once, a Rainbow Pitta was observed to perform 

bowing and wing-spreading displays alternately. 

During the dry season I saw on three occasions up to five Spangled Drongos 

Dicrurus bracteatus perched on shrubs close to foraging Rainbow Pittas. On one of 

these occasions, a drongo dived to catch insects flushed by the scratching Pitta, 
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Figure 4.1 Standard posture (a), wing spreading display (b), upright posture (c) and bowed 

posture of bowing display (d) of the Rainbow Pitta. Drawings by D. Percival. 

almost colliding with the Pitta several times. The Pitta responded with a ducking 

posture. In this posture, the bird bent forward with the breast touching or nearly 

touching the ground, and the tail in the air. The head was held backward so that the 

bill pointed upward, and the wings were slightly opened. 

Within a few hours of leaving its nest one fledgling showed a ducking 

posture similar to the one above when I approached it to within 5 m, prior to capture. 

Older nestlings, when collected from nests for examination, showed similar 
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behaviour, except that the head was pointed downward. On each occasion I 

witnessed the ducking posture the bird had no chance to flee from the potential 

predator. 

4.3.2 Time budgets 

Over the whole year, the Rainbow Pitta spent on average 61% of its time during the 

day on foraging (s.d. ± 9%), 15% on resting (s.d. ± 11%), 12% on calling (s.d. ± 

14%), and the remaining 11% on preening, breeding and interactions (all n = 13 

bimonthly observation periods). During the non-breeding season, this species spent 

significantly more time on foraging and resting, and less time on calling and, of 

course, on breeding than during the breeding season (Mann-Whitney U = 6.5, 2.0, 

4.0 and 6.0, respectively; all n = 13, p  <0.05) (Figure 4.2). There was no difference 

between these two seasons in amount of time spent on preening and interactions (U 

= 17.5 and 12.0, respectively; both n = 13, p> 0.05). 

The Rainbow Pitta moved longer distances per hour during the breeding 

season than during the non-breeding season ( X = 100.2 m and 53.6 m, respectively; 

U = 0.0, n = 13, p  <0.01). The distances shown in Figure 4.3 are only relative 

0 

Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb 

141 229 346 263 159 192 240 242 252 282 230 365 216 

1993 1994 

Figure 4.2 Seasonal variation in time budgets of Rainbow Pittas. 

Numbers below months represent observation time (mm). 
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values, measured between the start and end point of observations, and are clearly 

shorter than the actual distances covered, because birds sometimes moved back to 

the vicinity of the start-point at the end of 30 rnin observations. A mean number of 

7.4 flights h' were conducted by this bird during daytime (s.d. ± 6.4 flights h). The 

frequency of flying was slightly, but not significantly higher during the breeding 

season, compared with the non-breeding season (U = 9.0, n = 13, p = 0.09). 

The Noisy Pitta was observed during the non-breeding season and at the 

onset of the breeding season, and showed similar seasonal fluctuations in amount of 

time allocated to certain behaviour categories as the Rainbow Pitta (Figure 4.4). The 

time this species spent on foraging decreased from 83% in the non-breeding season 

to 44% in the breeding season, and resting was reduced from 15% to 9%, while 

calling increased from 0% to 46%. 

The time budget of the Red-bellied Pitta at the onset of the breeding season 

was similar to the one of the Noisy Pitta at the same time of the year. However, both 

pittas in Queensland clearly spent more time on calling (46% and 44%, respectively) 
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Figure 4.3 Seasonal variation in frequency of flying and distances moved by the Rainbow 

Pitta. 
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Figure 4.4 Seasonal and interspecific variation in duration of behaviours shown by pittas in 

northern Queensland. 

Numbers on the horizontal axis represent time (mm). Red-bellied Pittas are absent from Australia 
during the dry season. 

during this season than the Rainbow Pitta (20%). The lack of breeding behaviour 

recorded for the Noisy Pitta and Red-bellied Pitta appeared to be due to the late start 

of the wet season in 1994, as is discussed in chapter 8. 

4.4 Discussion 

4.4.1 Types of behaviour 

Several behaviours described in this chapter, like the sunning posture or the wing-

spreading display are rarely seen and have not been published for any pitta species, 

while displays similar to the bowing of the Rainbow Pitta have been described for a 

number of other pitta species. 

The bowing display of the Rainbow Pitta was performed by neighbouring 

males along territory boundaries, indicating that its purpose is to establish and 
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maintain territories. The display is clearly visible in the dim light of the monsoon-

rainforest floor. Although bowing displays of Rainbow Pittas only involved males. 

Beruldsen & Uhlenhut (1995) reported a bowing display being performed by a 1-1  

female Red-bellied Pitta to a nearby male, although this may have been a submission 

or pre-mating display, as bowing displays of Rainbow Pittas only involved males. 

Unlike Rainbow Pittas and Red-bellied Pittas, Hooded Pittas Pitta sordida 

hunch their neck during bowing (Lansdown et al. 1991). Lee et al. (1989) described 

a tall-stretch display in caged Hooded Pittas, the bird stretching slowly up to its 

extreme height, then suddenly reverting to normal position. This display was 

performed by both sexes during the breeding season, and may therefore be a pre-

copulatory or courtship display. 

Wing flicking was only observed when potential egg- or nestling predators 

were in the vicinity of the performing bird. Wing flicking is shown by several 

species of birds when in a state of nervousness (e.g. Common Dipper Cinclus 

cinclus, pers. obs.). The wing-spreading display was seen in similar contexts to wing 

flicking. As wings are opened suddenly, accompanied by alarm calls, this display 

could easily distract or threaten a predator. 

Displays similar to the ducking posture of the Rainbow Pitta have been 

described for the Noisy Pitta (Bruce 1986; Perrins & Middleton 1985) and the Blue-

rumped Pitta Pitta soror (Perrins & Middleton 1985), but all were performed when 

another pitta approached the performing bird. The head of the Blue-rumped Pitta is, 

however, bent low over the back to expose a triangular white-spotted patch below 

the throat. Lee et al. (1989) described a similar behaviour in captive nestlings of 

Hooded Pittas, which was shown when the nest was inspected. The ducking posture 

of the Rainbow Pitta and Hooded Pitta are almost certainly defensive anti-predator 

postures, while the displays of the other two species appear to be associated with 

courtship. 
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4.4.2 Time budgets 

The amount of time birds allocate during the day to foraging varies greatly between 

species. Australian insectivorous birds like the Rainbow Pitta, and the Golden 

Whistler Pachycephala pectoralis, Rufous Whistler P. rufiventris and White-throated 

Treecreeper (Cormobates leucophaea) in New South Wales, clearly spend more time 

foraging (85%, 48-89%, 34-52% and 90-92%, respectively) than sunbirds (20%) or 

hummingbirds (10%), which feed on energy-rich nectar (Wolf & Hainsworth 1971; 

Wolf 1975; Ford 1989; Turner 1991; Noske 1982). The time allocated to foraging 

partly depends on the ease of detectability of the food source. Sunbirds and 

hummingbirds feed on conspicuous flowers, while insectivorous birds feed on 

invertebrates that are often hidden. Values for White-naped Honeyeaters 

Melithreptus lunatus and Fuscous Honeyeaters Lichenostomus fuscus in New South 

Wales (Ford 1989) are significantly higher than those for hummingbirds, which is 

likely related to the broader diet of the former species, including nectar and insects. 

On the basis of detectability and energy value, it can be expected that pittas and 

other insectivorous species spend a lot of time and energy on finding food. 

During the breeding season, an increased amount of time was spent on 

calling and breeding activities, which reduced the amount of time spent on foraging 

and resting. Several bird species (including passerines) have been shown to lose 

weight during the breeding season (Welty 1982), as a consequence of this change in 

time budget. However, the reduction of time spent on foraging is probably partly 

compensated by the higher availability of food during the breeding season (chapter 

6), as passerines spend less time foraging when resources are abundant (Ford 1989; 

Gass 1978; Paton 1982; Hixon et al. 1983; Gass & Sutherland 1985; McFarland 

1986). The amount of time pittas spent on reproduction is probably underestimated 

because these birds were very secretive in the vicinity of their nests. 

The greater distances moved by Rainbow Pittas during breeding may be 

related to reduced time allocated to resting, supervening activities like food 

collection for their nestlings, and an increase in territory advertising activities (like 

calling) for which this species normally ascended to trees (chapter 5). 
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Time budgets of Noisy and the Red-bellied Pittas were similar to that of 

Rainbow Pittas, apart from a greater amount of time spent on calling by the former 

two species. This difference may be partly due to observer bias, because the 

Queensland species were mainly detected whilst calling, whereas the Rainbow Pitta 

was often found whilst engaged in other activities. Although time budgets of birds 

detected when calling were not recorded until 10 min had lapsed, many individuals 

were still calling after this period, or called again subsequently, apparently retaining 

a high motivation for vocalisation. The greater allocation of time to calling by the 

two pitta species in Queensland could also be partly due to their migratory status. 

The Rainbow Pitta defends the same territory all year round, while some populations 

of the Noisy Pitta are migratory and all Red-bellied Pittas in Cape York are 

migratory. After their arrival on the breeding grounds these migratory species need 

to establish a new territory, which they probably mainly maintain by calling (chapter 

5). 
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5.1 Introduction 

Bird calls have been studied little in comparison to songs, which are more complex 

in rhythm and modulation (Thorpe 1964). Calls are generally concerned with 

coordinating non-sexual behaviours of conspecifics like flocking, feeding and 

reactions to predators. They are apparently genetically determined, while parts of 

songs are learned by young from their parents (Welty 1982). All pitta species give 

short series of sharp calls, that often consist of two syllables (Perrins & Middleton 

1985). A clear whistle, usually described as 'want a whip' is characteristic of the 

Rainbow Pitta. The Noisy Pitta has a similar call, while the Red-bellied Pitta utters 

slow, mournful dove-like whistles (Bruce 1986; Slater et al. 1986; Coates 1990). 

The following section describes calls of Australian pittas and their context, 

and analyses variation in their acoustic structure and in calling frequencies. 

5.2 Methods 

Frequency of calling was recorded while documenting time budgets of the Rainbow 

Pitta (chapter 4). Every two months from February 1993 to February 1995, I walked 

along the footpaths in the monsoon-rainforests at Fogg Dam, East Point and Holmes 

Jungle and searched for Pittas, without using song playback. Each adult encountered 

was followed for up to 30 mm, except during the moulting period (March to May), 

when birds were watched for up to 60 mm, due to the difficulty of locating them at 

that time. Searches were conducted on consecutive days, at any time of the day. A 

mean time of four hours was spent bimonthly recording time budgets. For each 

individual followed, I recorded the number of calling sequences given, and the 

number of standard calls (two-note whistle) comprising each sequence. If a pause 

after a standard call exceeded 30 s, the sequence was considered as terminated. 

Seasonal variation in the length of calling sequences was studied during 

bimonthly transect censuses (chapter 3), which started at sunrise and were carried 

out three times at each major site from February 1993 to February 1995. The lengths 

of the transects were 1.8 km at both Fogg Dam and East Point and 1.9 km at Holmes 
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Jungle. I recorded the number of individuals calling, and whether they called at least 

six times or fewer than six times per sequence. 

Differences in length of calling sequences between sexes of the Rainbow 

Pitta were investigated at Fogg Dam during the breeding season 1993/94. For 

individuals in six territories in the core area of the study site, I noted the number of 

times sequences of at least 20 standard calls were given. Unbanded birds that uttered 

such a sequence were followed until they visited a nest, in order to identify the 

territory to which they belonged. 

Temporal variation in calling and the duration of calling sequences (at least 

six times or fewer than six times per sequence) given by Noisy and Red-bellied 

Pittas was investigated at Iron Range from 10 January to 22 January 1995. Lengths 

of calling sequences of Noisy Pittas were also recorded at Cairns on nine mornings 

during the dry season 1994 and on four mornings during the wet season 1994/95. 

Calls of Rainbow Pittas were recorded at six sites in the Top End of the 

Northern Territory (Table 5.1) to examine regional variation in acoustic structure. 

Calls were recorded with a 'Realistic VSC-2001' portable cassette tape recorder and 

a hand held 'Sennheiser K3-U' microphone. Two types of sonograms were drawn 

from these calls by the 'Ultrasound' computer program (Uniquest, University of 

Queensland 1988). The first type was a plot of sound frequency in relation to time, 

and the second one of sound frequency in relation to time and amplitude. The 

investigated variables were measured from the printed sonograms to the nearest 0.1 s 

and 0.05 kHz, respectively. The following variables were analysed: (1) lowest sound 

frequency of call (Ci ); (2) highest sound frequency of call (C2 ); (3) time from 

beginning of first note to end of second note (C3 ); (4) time between end of first note 

and beginning of second note (C4 ). Tape-recorded calls of Noisy and Red-bellied 

Pittas were not suitable for sonogram analysis. 

Data were stored on "Microsoft Excel" and analysed with "Statistica for 

Windows" (release 4.5; Stat Soft, Tulsa, USA). Kolmogorov-Smirnov tests were 

used to compare the number of calls per sequence of the three pitta species between 

morning (0:00 - 12:00) and afternoon (12:00 - 24:00). A two-way Analysis of 

Variance was used to determine the effect of site and season on the number of 
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Table 5.1 Locations where standard calls of Rainbow Pittas were recorded for producing 
sonograms. 

Site Coordinates Number of birds sampled 

Melacca Creek 120 23'S, 1310  12'E 2 

Holmes Jungle 120 24'S, 1300 49'E 2 

near Bankers Jungle 120  26'S, 1310  11 'E 2 
FoggDam 120 33'S, 1310 18'E 5 

near Batchelor 130 01'S, 131 0 06'E 

Barramundie Gorge 130  ITS, 1330 26'E 4 

Bukbukluk 130 29'S, 1330 26'E 2 

Rainbow Pitta calls per sequence. Post hoc comparisons were made with LSD tests. 
Diurnal variation of number of calls per sequence between Noisy and Red-bellied 
Pittas were compared with a Chi-square test. Mann-Whitney U-tests were used to 
analyse the variation in number of calls per sequence between different pitta species 
or seasons. 

Cluster Analysis (single linkage) was used to study similarities between 
individual Rainbow Pittas in the acoustic structure of calls, as characterised by the 
sonographic variables C1  - C4. Discriminant Function Analysis (Jobson 1992) was 
used to test for differences in acoustic structure between populations. Calls of only 
one individual were recorded near Batchelor, which was therefore excluded from 
this analysis. 

5.3 Results 

5.3.1 Types of calls 

The standard call of the Rainbow Pitta was a loud, clear two-note whistle, with two 
syllables per note (Fig. 5.1). The sound frequency of the standard call given by 18 
birds ranged from 1.2 to 2.5 kHz. The second syllable of each note peaked at a 
slightly higher sound frequency and amplitude than the first one. The standard call 
was heard all year round and was given by both sexes of this species. Calls were 
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normally delivered from trees, but short sequences were also given from the ground. 

On three occasions males called while inside the nest during incubation. Birds often 

responded to playback of this call. 

Another type of call, reminiscent of the purring of a cat, was given by birds 

during a bowing display, associated with territorial behaviour (chapter 4). This call 

showed no variation in sound frequency and amplitude, lasted about 0.5 s and was 

repeated every 2 s. It clearly had a lower amplitude and sound frequency than the 

standard call and could only be heard in a range of about 20 m. 

A sharp, loud 'keow', repeated at intervals, was produced by parents only 

when an observer approached their nestlings or fledglings, and is referred to as the 

alarm call. It was also heard once when a Sulphur-crested Cockatoo Cacatua galerita 

was close to the nest. This call lasted about 1 s and consisted of a long portamento 

(sound glides gradually from one tone to next through all intermediate sound 

frequencies), increasing in amplitude and sound frequency, and a short decrescendo 

(decreasing in amplitude). The amplitude of this call was lower than that of the 

standard call, but higher than that of the purring call. 

Fledglings gave a soft, short, high-pitched whistle at intervals of c. 5 s. This 

call could be heard for distances of not more than 15 m. Fledglings often remained 

motionless on the ground near shrubs and were consequently bard to detect. The 
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Figure 5.1 Sonogram of sound frequency in relation to time of standard call given by 

Rainbow Pitta. 
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function of this whistle seems therefore to be in revealing locations of the fledglings 

to their parents. 

The standard call of the Noisy Pitta, a two-note whistle was very similar to 

the one of the Rainbow Pitta, differing however, in the first note consisting of only 

one syllable. This syllable appeared to be a combination of the first two syllables of 

the Rainbow Pitta call. The first syllable was a portamento, peaking in a higher 

sound frequency than the second syllable, but lower sound frequency than the third 

syllable. The second and third syllable were similar to the third and fourth syllable of 

the Rainbow Pitta call. This call of the Noisy Pitta was given from trees and from the 

ground. On several occasions, birds responded to playback of this call. On one 

occasion a Noisy Pitta gave a call virtually identical to the alarm call of the Rainbow 

Pitta. It was heard immediately after playback of a standard call of its species. 

The standard call of the Red-bellied Pitta clearly differed from those of the 

other two species, being a mournful two-note whistle. The first note is a long-drawn 

portamento ascending in sound frequency. The second note is shorter than the first 

one and has a lower sound frequency than the end of the first note. This call was 

uttered from trees and less often from the ground. This species never responded to 

playback of its standard call, played in its presence. 

5.3.2 Frequency of calling 

Rainbow Pittas gave the standard call most often at dawn. Frequency of calling 

peaked at the onset of the breeding season (October! November) and showed lowest 

values during the non-breeding season (March to September) (Fig. 5.2). 

A similar picture is gained by looking at calling sequences instead of single 

calls (Fig. 5.3). The clearly lower seasonal variation in number of calling sequences 

than in number of single calls indicates seasonal variation in vocalisation to be due 

mainly to the duration of calling rather than frequency of calling sequences. There 

was a significant variation in number of calls per sequence between bimonthly 

periods (ANOVA; F = 8.7, n = 72, p  <0.001). Birds gave call sequences of similar 

duration in October and December, and from February to August (LSD test, p > 

0.05). The number of calls per sequence in October and December was significantly 

higher than during the rest of the year (LSD test, p  <0.05). At all of the three major 



71 

sites birds called for similar periods (F = 0.5. p > 0.05). The length of calling 

sequences was similar between morning and afternoon (Kolniogorov-Smirnov test. 

c/f= 7. p > 0.05). 
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Figure 5.2 Mean frequency of calling ± s.e. (n = 3 for each X) by the Rainbow Pitta. 
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Figure 5.3 Seasonal variation in frequency of calling sequences and in number of calls per 

sequence of the Rainbow Pitta; - 5 = one to five calls per sequence, > 5 = more than five 

calls per sequence. 
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During the 1993/94 breeding season at Fogg Darn. one bird in each of six 
pairs clearly gave long calling sequences more often than its partner (Fig. 5.4). One 
such bird (frequently calling for long periods) was killed by a car at East Point, and 
was later verified as male by dissection. This finding suggests males to be the 
frequently calling sex. 

Calling sequences of the standard calls of the Noisy Pitta and Red-bellied 
Pitta were most often recorded at dawn and their frequency declined during the day 
(Fig. 5.5). There was no significant difference between these two species in 

frequency of calling sequences during the day (x2 = 2.7, df= 4, ii = 167, p > 0.05). 

Seasonal variation in the duration of calling by the Noisy Pitta resembled that 
of the Rainbow Pitta (Fig. 5.6). Noisy Pittas called significantly longer during the 

wet season than during the dry season (Mann-Whitney U = 1147, n = 148, p < 

0.001). During the wet season, Red-bellied Pittas called for longer periods than 

Noisy Pittas (U = 2622, n = 168, p  <0.01) and Rainbow Pittas (U = 959, n = 111, p 

<0.01). Noisy Pittas called for similar periods during the wet and dry season as 
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Figure 5.4 Frequencies with which members of Rainbow Pitta pairs gave call sequences 
consisting of at least 20 standard calls. 
Colour-band combinations of breeding partners are separated by oblique strokes (B = blue, G = green, 
M = mauve, 0 = orange, R = red, W = white, Y = yellow, - = unbanded). 
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Rainbow Pittas (U = 1773 and 689, respectively: ii = 137 and 78, respectively: both 

p >0.05). 
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Figure 5.5 Temporal variation in total number of calling sequences recorded of the two 

pitta species at Iron Range from 10 January to 22 January 1995 (sunrise = 5:50, dusk = 

19:15). 
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Figure 5.6 Frequency of calls per sequence of the two pitta species in Queensland (Fig. 5.3 

explains ">5" and "-5"; Dry = dry season, Wet = wet season). 
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5.3.3 Geographical variation in acoustic structure of calls 

Individual variation in acoustic structure of standard calls of Rainbow Pittas was not 
related to geographical locations (Fig. 5.7). This variation cannot be readily 
explained by sexual differences in vocalisation: the only bird in this analysis which 
was sexed as female (FD_4F) showed a shorter linkage distance to three males 
(FD_IM, FD_2M, FD_5M) than these birds showed to a fourth male at Fogg Dam 
(FD_3M). Individual variation in calls was so distinct that I was able to recognise 
some birds at Fogg Dam by their vocalisations. 

There was no significant difference in the acoustic structure of calls between 
populations from different sites, although Figure 5.8 indicates some discrimination 
along the first canonical function, which mainly reflects variation in call length and 
period between notes (Discriminant Function Analysis; Wilks' X = 0.1, F = 1 .4, p > 

0.05). 
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Figure 5.7 Cluster Analysis for similarity between acoustic structures of standard calls of 
Rainbow Pittas from seven locations. 
The first two letters of each ordinate value are abbreviations for locations, the numbers separate 
individuals of each site and the last letter shows the sex of each bird (BA = Batchelor (1 bird), BC = 
Bankers Jungle (2), BG = Barramundie Gorge (4), BU = Bukbukluk (2), FD = Fogg Dam (5), HJ = 
Holmes Jungle (2), MC = Melacca Creek (2), M = male, F = female). 
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Figure 5.8 Discriminant Function Analysis for difference in acoustic structure of standard 
calls between Rainbow Pitta populations from six locations (for explanations of 
abbreviations see Fig. 5.7). 

Discrirninant function given by: 

Root I =-0.862C,- 1.244C2 +0.265C3 -0.476C4 (5.1) 
Root 2 = 0.106 C, + 0.094 C2 - 1.126 C3  + 0.292 C4 (5.2) 
Root 3 = 0.899 C, - 1.222 C2  - 0.424 C3  + 0.689 C4 (5.3) 
Root 4 = 0.478 C, + 0.062 C2  + 0.095 C3  - 0.855 C4 (5.4) 

where C, - C4  are the sonographic variables recorded (see methods). 

5.4 Discussion 

The standard call of the Rainbow Pitta is typically described as a two-note whistle, 

rendered 'want a whip' (Bruce 1986; Slater et al. 1986). The latter tn-syllabic 

phrase, however, is a more appropriate representation of the Noisy Pitta call. The 

call of the Rainbow Pitta had four syllables, and is better verbalised as 'teow-whit 

teow-whit'. 
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Bird songs, in contrast to calls, are generally concerned with the reproductive 

cycle (Thorpe 1964). Calls of pittas seem to have the same function as songs: the 

standard call of the Rainbow Pitta was most often heard at the onset of the breeding 

season, which corresponds with the occurrence of highest frequencies of singing by 

oscines prior to breeding. This seasonal variation in singing has been related mainly 

to establishing territories and to mate acquisition (Kelsey 1989; Keast 1994). A 

further analogy between bird songs and calls of pittas is the inference that male 

Rainbow Pittas called more frequently than females, as singing in many oscines is 

confined to males (Faaborg 1988). Indeed, Greenewalt (1968) stated that there was 

no real dichotomy between songs and calls in either acoustic structure and function. 

Catchpole (1982) compared the acoustic structure and context of songs 

whose function was either mainly to repulse males (territorial song) or to attract 

females (sexual song). Territorial songs tended to have repertoires with only few 

different types of syllables and stereotyped sequencing, with birds singing in 

territories and responding to playback after pairing. Sexual songs tended to be 

complex with many different types of syllables and variable sequencing, and after 

pairing, singing ceased and males did not respond to playback. Rainbow Pitta 

standard calls clearly follow the patterns of territorial songs. Sexual songs appear to 

have evolved by intersexual selection, while territorial songs are mainly affected by 

intrasexual selection between males (Catchpole 1982). The standard call of Rainbow 

Pittas contained four syllables with stereotyped sequencing. Birds were vocal after 

pairing and responded to playback all year round. These characteristics suggest that 

Pitta calls have evolved by intrasexual selection between males competing for 

territories, and that female mate choice is based on territory quality rather than 

complexity of calling by males. That intersexual selection is of minor importance for 

Rainbow Pittas is further indicated by their sexual monomorphism (see chapter 2). 

If the parental investment of both sexes is nearly equal, then sexual selection 

affects both equally, but if females invest more heavily than males, competition 

among males for females will be increased (Trivers 1972). In accordance with this 

theory, in some polyandrous species like jacanas (Jacanidae) and button quails 

(Turnicidae), in which the male incubates the eggs and rears the young, the female is 
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larger. has a brighter nuptial plumage, defends the territory and competes for males 

(Welty 1982). Rainbow Pittas were apparently monogamous and shared parental 

duties equally, which explains the almost complete lack of sexual differences in 

morphometrics and plumage patterns, caused by similar selection pressure on both 

sexes (see chapters 2, 8). The higher calling frequency of males may have been 

caused by a slightly higher parental investment of females, due to energy expenditure 

for egg formation. Another reason for apparent competition of males for females 

may be a possibly higher mortality rate of females, and therefore lower numbers of 

this sex (see chapter 3). In Rufous Scrub-birds Atrichornis rufescens, another 

primitive Australian ground dwelling passerine living in rainforests, vocalisation is 

restricted to males, apart from alarm calls uttered by females (Smith 1986). The 

complete absence of singing by females, in contrast to pittas, where females 

occasionally call, can be related to differences in parental investment. While 

breeding partners of Rainbow Pittas share parental duties equally, in the Rufous 

Scrub-bird the female alone is responsible for nest building, incubation and feeding 

the chicks (Ferrier 1985). 

If the prime function of standard calls is territoriality, then calls must be 

transmitted over long distances. The relative high volume and low sound frequency 

of pitta calls compared with birds of similar size in the adjacent woodland (pers. 

obs.) can be explained by high transmission of such calls in the dense vegetation of 

rainforests (Morton 1970, 1975; Chappuis 1971). Sound frequencies of around 1-2 

kHz attenuate less than either lower or higher frequencies on the ground than in 

higher strata (Marten & Marler 1977; Marten et al. 1977). The sound frequencies in 

vocalisations of birds vary inversely to body size, and the size of their anatomical 

structures including the sound-producing syrinx, respectively (Konishi 1970; 

Bowman 1979). The antbirds (Formicariidae), which replace the pittas in the New 

World, and which sing on the ground, have perhaps gone as far in the direction of 

low sound frequencies as possible for a small bird (Wiley & Richards 1982). All 

three Australian pitta species have apparently solved the problem of attenuation of 

certain sound frequencies on the ground by climbing trees to give their standard call. 

The high frequencies of calling at dawn can be related to the acoustic properties of 

the atmosphere, which is particularly favourable for long-range communication at 
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this time of the day due to relatively small temperature and wind gradients (Wiley & 

Richards 1982). 

The intensities of the other types of calls seem also to be related to their 

function. The low amplitudes of the purring call and the whistle given by fledglings 

are for nearby competitors and parents, respectively, and are unlikely to attract 

ground predators over long distances. Birds in parent-offspring relations generally 

use high sound frequencies, which attenuate rapidly (Wiley & Richards 1982). 

Whether the sound frequency of the purring call overlapped the previously 

mentioned "sound window" of 1-2 kHz, could not be determined due to lack of 

sonograms of this call. The alarm call had a higher amplitude than the latter two 

calls, but a lower one than the standard call. Apart from intimidating potential 

predators, its function may be to attract the mate for collective defence against 

predators. 

Jurisevic and Sanderson (1994b) classified alarm calls of Australian birds 

into two categories: (1) narrow frequency calls (1-5 kHz), mainly elicited in the 

context of flying predators; and (2) broad frequency calls (1-10 kHz), predominantly 

elicited by other threats. All alarm calls emitted by Rainbow Pittas, including calls in 

the presence of a Sulphur-crested Cockatoo, were of the same type, and appeared to 

cover a relatively broad frequency. Pitta calls therefore may have evolved in 

response to predominantly terrestrial predators. This hypothesis accords with the 

relative low number of avian predators in monsoon-rainforests of the Top End, 

compared to South-east Asian rainforests (R. Noske, pers. comm.). 

The migratory Red-bellied Pitta calls for longer periods than the Rainbow 

Pitta, perhaps because it needs to quickly establish a new territory after its arrival on 

its breeding ground, unlike the latter species which stays in the same territory all 

year round. The length of the calling sequences of the Noisy Pitta was similar to that 

of the Rainbow Pitta. The relation between length of calling sequences and 

migratory status are difficult to interpret, comparing the Noisy Pitta with the other 

two species, because data of the former species were collected from both sedentary 

and migratory populations at Iron Range and Cairns, respectively. Differences in 
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length of calling between these two populations could not be tested statistically due 

to the small sample size from Cairns. Keast (1994) also stated that the importance of 

early spring song could well be less for resident species than for returning migrants. 

To analyse the effect of migratory status on the frequency of territorial singing, a 

migratory population should be compared with a sedentary population of the same 

species, preferably at the same breeding site. Unlike Noisy and Rainbow Pittas, the 

migratory Red-bellied Pitta failed to respond to playback, possibly due to the poor 

quality of the recorded calls of the latter species. 

In spite of the separation of monsoon-rainforest patches by vast areas of 

woodland, lack of spatial differences in the acoustic structure of Rainbow Pitta calls 

indicates genetic exchange between populations. This finding corresponds with the 

apparent wide dispersal of young to other patches of suitable habitat (chapter 3). The 

absence of locally distinct calls is not surprising given the relative inflexibility of 

calls compared to songs, for which dialects have been described for a number of 

species (Marler 1967; Kroodsma et al. 1985; Bruce 1988; Jurisevic & Sanderson 

1994a). Further, it seems that calls of Rainbow Pittas have little scope for variation 

due to environmental constraints such as the acoustic properties of their habitat. 

Significantly individual, rather than inter-population, variation in calls 

indicates a high benefit in distinguishing between individuals like mates, neighbours 

and intruders. Individual recognition of call notes has been described for several bird 

species, mainly in communication between nestlings and their parents, but also 

between territory neighbours (Stonehouse 1956; Evans 1970; Wooller & Bradley 

1981; Falls 1982). It is obviously advantageous for a male to be able to distinguish 

between vocalisations given by mates and potential intruders. Selection pressure on 

recognition of individual calls is likely to be higher in the monsoon-rainforest than in 

adjacent woodland caused by restricted visibility in the former habitat type with its 

dim light conditions. 
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6.1 Introduction 

Most species of pittas forage in the leaf litter of monsoon-rainforests for earthworms, 
snails and insects (Perrins & Middleton 1985; Round 1991). Several species like the 
Blue-winged Pitta Pitta moluccensis and the Hooded Pitta P. sordida in South-east 
Asia, and the African Pitta P. angolensis in central Africa, are migratory and explore 
seasonal food sources (Benson & Irwin 1964; McClure 1974; Lekagul & Round 
1991). The Rainbow Pitta is sedentary (Blakers et al. 1984) and is therefore able to 
cope with the influence of the strongly seasonal, summer-dominant rainfall (Nix 
1981, 1983) on food availability. Of the two other Australian pitta species, the Noisy 
Pitta shows partial migration, and the Red-bellied Pitta migrates between Cape York 
Peninsula and New Guinea (Bell 1968; Blakers et al. 1984; chapter 3, this study). All 
three Australian species breed during the wet season (North 1909; Beruldsen 1980). 

Little is known about the composition and seasonal abundance of litter 
invertebrates in tropical rainforests. Several studies, mainly from Central America, 
showed that numbers of litter invertebrates increased during the wet season (Janzen 
1980; Levings & Windsor 1985; Pearson & Derr 1986). 

The major aims of this section were to analyse the composition, abundance 
and seasonality of litter invertebrates in monsoon-rainforests of the Darwin region, 
and to compare these data with those similarly gathered in the rainforests of northern 
Queensland. This assessment forms the basis of investigation on the impact of litter 
invertebrates on timing of breeding (chapter 8), movements and spatial abundance 
(chapter 3) of the three Australian pitta species. 

6.2 Methods 

6.2.1 Data collection 

Invertebrates of the leaf litter were collected bimonthly from February 1993 to 
February 1995 in the monsoon-rainforests of Fogg Dam, East Point and Holmes 



Jungle. Sampling was carried out in 20 haphazardly chosen 5 m x 5 rn quadrats per 

site. Quadrats were delineated by a measuring tape. New locations for the quadrats 

were selected each period throughout the rainforests, to keep samples independent. 

Leaf litter and a few millimetres of loose topsoil were shoveled, 30 times per 

quadrat, with a dustpan onto a sieve with 6 mm mesh width, which was placed on a 

bucket containing a plastic bag. Large invertebrates, which did not pass through the 

sieve or which were detected by glancing over the quadrat, were sorted to order, 

measured to the nearest millimetre and released. The thickness of the leaf litter on 

the forest floor was gauged by counting the number of leaves pierced with a needle. 

This procedure was carried out haphazardly ten times around each quadrat. In the 

laboratory, invertebrates were removed from the bags by forceps. All animals ~! 4 

mm were stored in 70% ethanol. Smaller invertebrates were excluded from the 

analyses, because they were expected to be unlikely prey items for pittas. However, 

faecal samples of Rainbow Pittas contained 3 mm long ants, amounting to 8% of all 

food items identified of this species (chapter 7). This discrepancy causes a minor 

bias towards large animals representing the available food for Pittas. 

The collected invertebrates were examined under a dissecting microscope, 

sorted to order, and their length measured to the nearest millimetre. Spiders were 

identified to family by J. Webber and G. Brown of the Northern Territory Museum 

of Arts and Sciences. The number of individuals processed in the field were 

combined with those found in the laboratory to give a total number per quadrat. 

After removing the invertebrates from the bags, the moisture content of the 

remaining soil was measured with the gravimetric method for four quadrats per site 

(Marshall & Holmes 1988). Bag contents were passed through a 1.18 mm mesh 

screen. The sieved soil was poured into sample tins, which were placed in an oven at 

115 °C for 48 hours. The moisture content (%) was calculated as weight loss divided 

by initial weight. 

The same sampling procedure was carried out in July! August 1994 and 

December 1994! January 1995 at Dunk Island, Lake Eacham, Cairns and Iron Range 

in northern Queensland. In addition, one sample was collected at Kuranda in January 

1995. The moisture content of the soil was not measured at these sites. 
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Not all groups of invertebrates have the same chance of being collected using 

this method. Large, slow-moving ones like earthworms have less chance of being 

missed than small, agile ones like crickets. The results are, however, suitable for 

comparing relative abundance of invertebrates between study sites, and to detect 

seasonal changes in numbers. 

The dry weight of arthropods was estimated by power models (v = axb) for 

length-weight relationship, where v = weight (mg), x = length (mm), and a and b = 

taxon-specific parameters. For earthworms the regression of Reynolds (1972) was 

consulted: a = 1.500, b = 2.390. Equations of Gowing and Recher (1984) were used 

for spiders (a = 0.036, h = 2.911), insects (a = 0.031, /7 = 2.362), amphipods (a = 

0.003, b = 3.613), isopods (a = 0.010, b = 3.160), centipedes (a = 0.017, b = 2.180) 

and millipedes (a = 0.101, b = 2.543). No equations were available for leeches and 

snails, but as these taxa comprised only 3% of all sampled invertebrates, they were 

excluded from the biomass analyses. 

To compare the relative abundance of earthworms in different habitats, I 

sampled the five habitat types at Fogg Dam, by sweeping leaf litter away with a 

dustpan 30 times in ten 5 m x 5 m quadrats each, once per month in October to 

December 1994 and in February 1995. Additional earthworms detected by glancing 

over the quadrats were also counted. 

For Fogg Dam, East Point and Holmes Jungle, Meteorology Bureau rainfall 

data were used from Middle Point, Coconut Grove and Karama, respectively. 

Missing values for Coconut Grove were completed by data from Parap and missing 

values for Karama by data from Ludmilla. For Lake Eacham, Mount Whitfield and 

Iron Range Meteorology Bureau rainfall data were used from Malanda, Cairns, and 

Lockhart River, respectively. 

6.2.2 Statistical analysis 

Data were stored on "Microsoft Excel" and analysed with "Statistica for Windows" 

(release 4.5; Stat Soft, Tulsa, USA). The influence of environmental variables on 

invertebrate abundance at the major sites was estimated by a Linear Multiple 

Regression Analysis. 
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Three-way Analyses of Variance were used to determine the effects of year, 

month and site on the moisture content, leaf abundance, number of invertebrates and 

their biomass. A two-way Analysis of Variance was used to determine the effects of 

month and habitat on the abundance of earthworms at Fogg Dam. The same test was 

used to determine the effects of month and area on earthworm abundance at the 

major sites. For this test sample data from December 1993 and February 1994 were 

considered, and each monsoon-rainforest was subdivided into four to six areas of 

similar size. Frequencies used for Analyses of Variance were log-transformed where 

appropriate. Post hoc comparisons were made with LSD tests. 

Seasonal changes of invertebrate numbers and their biomass within the 

Northern Territory, differences between the Northern Territory and Queensland in 

the former two parameters and leaf abundance, and differences in leaf and 

invertebrate abundance and their biomass within Queensland were analysed using 

Mann-Whitney U-tests. The Queensland samples of the dry season which were 

mainly collected in July 1994 were compared with the average of the samples from 

June and August 1994 of the Northern Territory, and the Queensland samples of the 

wet season, which were mainly collected in January 1995 were compared with the 

average of the samples from December 1994 and February 1995 of the Northern 

Territory. Seasonal comparisons within the Northern Territory were made by pooling 

data into six month periods (November to April = wet season, March to October = 

dry season). 

The relationship between logarithm of moisture content and logarithm of 

earthworm abundance was analysed with the Pearson Correlation. Differences 

between mean and actual monthly rainfall of the sites in Queensland were evaluated 

using the Wilcoxon matched-pairs signed-ranks test (Siegel 1956). 
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6.3 Results 

6.3.1 Physical factors and amount of leaf litter 

In the Northern Territory, the period of study was characterised by above average 

rainfall during the third and final (1994/95) wet season (Fig. 6.1). The overall 

patterns were similar at all three major sites. The rainfall for East Point and Holmes 

Jungle was however greater than that for Fogg Dam during the 1993/94 and 1994/95 

wet seasons. 

The moisture content of the topsoil was highest at the peak of the wet 

seasons from December to February each year and declined gradually till the end of 

the dry seasons (Fig. 6.2). The moisture content was slightly higher in the 1993 

calendar-year than in 1994 (ANOVA, F = 4.2, n = 72, p  <0.05). The three major 
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Figure 6.1 Mean monthly rainfall at Fogg Dam, and actual rainfall at Fogg Dam, East Point 
and Holmes Jungle. 

For Fogg Dam, East Point and Holmes Jungle Meteorology Bureau rainfall data were used from 
Middle Point, Coconut Grove and Karama, respectively. 



85 

sites showed a similar overall pattern, but the topsoil samples at Holmes Jungle 

contained more moisture than those at Fogg Dam (LSD test, p < 0.05), which was 

wetter than the one at East Point (LSD test, p < 0.01). These differences can partly 

be explained by the water sources of the three sites. Holmes Jungle supports a 

permanent creek, while the study site at Fogg Dam adjoins the Adelaide River 

floodplain and is partly inundated during the wet season only. East Point, however, 

has no such water source. 

The amount of leaf litter on the forest floor rose during the dry season until 

October or December, and declined during the wet season presumably due to 

decomposition (Fig. 6.3). Amount of leaf litter was similar in the 1993 and 1994 

calendar-year (F = 0.04, n = 72, p > 0.05). More leaves were collected at East Point 

( X = 1.35) than at Fogg Dam ( X = 1.08, LSD test, p  <0.01) or Holmes Jungle ( X 

= 0.93, LSD test, p  <0.001). The latter two sites showed similar values (LSD test, p 

> 0.05). These results can be explained by the relatively high number of deciduous 

trees at East Point compared with the other two sites. 
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Figure 6.2 Mean bimonthly moisture content of topsoil at the major sites (n = 4 for 

each X). 
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Figure 6.3 Mean abundance of leaves on the forest floor at the major sites (n = 200 for 

each X). 

The abundance was estimated by the mean number of leaves pierced with a needle. 

In northern Queensland, the rainfall recorded at Lake Eacham, Cairns and 

Iron Range during the dry season study period was similar to the mean rainfall for 

these sites over these months (Wilcoxon matched-pairs signed-ranks test, z = 1 .4, n 

= 9, p > 0.05). However, the actual rainfall during the wet season study period was 

lower than the mean (z = 2.4, n = 12, p < 0.05), because the first heavy rain was 

delayed (Fig. 6.4). In this period only the rainfall at hon Range for January was 

above average, of which, however, more than 60% fell in the last week of that 

month. 

The amount of the leaf litter on the forest floor in Queensland was greater 

during the wet season than during the dry season (Mann-Whitney U = 1.5, n = 9, p < 

0.05) (Fig. 6.5). The amount of leaf litter collected was similar between the Northern 

Territory and Queensland in both the dry season (U = 2.5, n = 7, p > 0.05) and wet 

season (U=6.5, n=8,p> 0.05). 

Feb 
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Figure 6.4 Actual rainfall during the period of study in the 1994/95 wet season and mean 

rainfall for three study sites in northern Queensland. 

For Lake Eacham, Cairns and Iron Range Meteorology Bureau rainfall data were used from Malanda, 
Cairns and Lockhart River, respectively. 
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Figure 6.5 Amount of leaves on the forest floor of sites in northern Queensland, estimated 

by the mean number of leaves pierced with a needle. 

No sample was conducted at Kuranda during the dry season. 
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6.3.2 Abundance of invertebrates 

Of all 2603 invertebrates sampled in the Northern Territory, significantly more were 

collected during the wet season than during the dry season (Mann-Whitney U 0.0, 

n = 13, p < 0.01) (Fig. 6.6). Similar numbers of invertebrates were collected in the 

1993 and 1994 calendar-years (ANOVA, F = 0.4, ii = 72, p > 0.05). The value for 

February 1993 was clearly lower than those for February 1994 and February 1995. 

The number of invertebrates collected at Fogg Dam ( X = 94) was significantly 

higher than that at Holmes Jungle ( X = 64 LSD test, p < 0.05), which was higher 

than that at East Point ( X = 47; LSD test, p  <0.01). 

The influence of environmental variables on invertebrate abundance at the 

major sites was estimated by a Linear Multiple Regression Analysis with the 

equation' 

y = - 0.24A + 0.88B + 0.26C -0. 12D (6.1) 

where y = number of invertebrates collected bimonthly at each site, 

A = rainfall recorded for sites in month prior to sample, 

B = rainfall recorded in month of sample, 

C = mean bimonthly recorded moisture content, 

D = mean bimonthly number of leaves pierced with a needle. 

Invertebrate abundance was significantly correlated with environmental 

factors (R2  = 0.75, n = 39, p  <0.05). The partial correlation with rainfall during the 

month of the sample was almost significant (R = 0.62, p = 0.057). Less important 

factors were the rainfall of the month previous to the sample (R = - 0.21, p > 0.05), 

the moisture content of the topsoil (R = 0.25, p > 0.05) and the amount of leaves on 

the forest floor (R = - 0.16, p > 0.05). 

The biomass of invertebrates was significantly greater during the wet season 

than during the dry season (U = 1.0, n = 13, p < 0.01) (Fig. 6.7). Seasonal 

fluctuations in biomass were apparently more pronounced than fluctuations in 

The frequencies were logarithm transformed where appropriate. 
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Figure 6.6 Mean number of invertebrates collected bimonthly at the major sites (ii = 20 for 

each X). 
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Figure 6.7 Mean biomass of invertebrates collected bimonthly at the major sites (n = 20 for 

each X). 
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number of individuals. Similar biomass values were recorded in binionthly samples 

during the 1993 and 1994 calendar-years (F = 0.26, ii = 72, p > 0.05). The value for 

February 1993 clearly was again lower than the one for the same months in 1994 and 

1995. Biomass increased later during the 1994/95 than the 1993/94 wet season. Fogg 

Dam ( X = 9.2 g, LSD test, p  <0.001) and Holmes Jungle ( X = 5.5 g, LSD test, p < 

0.001) showed higher values than East Point ( X 1.3 g), but similar values were 

recorded for the former two sites (LSD test, p > 0.05). 

Of all 459 invertebrates sampled in Queensland, significantly fewer were 

collected during the dry season than during the wet season (U = 0.0, n = 7, p <0.05), 

which corresponds to the results for the Northern Territory. Their biomass, however, 

was similar in both seasons (U = 6.0, n = 9, p > 0.05) (Table 6.1). During the dry 

season a comparable number of invertebrates/ biomass was collected in the Northern 

Territory and in Queensland (U = 4.0 and 6.0, respectively; both n = 7; p > 0.05). 

During the wet season, however, significantly more invertebrates were collected in 

the Northern Territory than in Queensland, showing also a greater biomass in the 

former region (both U = 0.0, n = 8 and p  <0.05). 

Table 6.1 Comparison between the three sites in the Northern Territory (N.T.) and the five 
sites in Queensland (QId.) in number of invertebrates collected per season and their biomass 
(mg). 

Dry season Wet season 

Number Biomass Number Biomass 

Mean s.d. Mean s.d. Mean s.d. Mean s.d. 

N.T. 27 ±11 151 ±78 119 ±32 6602 ±8996 

QId. 31 ±10 334 ±199 67 ±25 733 ± 1287 

Underlined values are significantly different between the two regions. 
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6.3.3 Composition of invertebrate fauna 

In the Northern Territory, the most frequent sampled invertebrate classes were 
earthworms (Oligochaeta) and insects (Insecta), and the dominant insect order was 
Hymenoptera, consisting almost entirely of ants (Formicidae) (Table 6.2). 

At all three major sites, earthworms and insects were the dominant 
invertebrate classes in the leaf litter (Table 6.3). Earthworms, leeches (Hirudinea), 
centipedes (Chilopoda) and millipedes (Diplopoda) showed the greatest coefficients 
of variation, a measure of variation relative to the mean. Earthworms and leeches 
were more common at Fogg Dam and Holmes Jungle, than at East Point. Spiders 
and centipedes were most common at East Point and millipedes at Holmes Jungle. 
Insects and crustaceans were collected in similar numbers at all three sites. 

Table 6.2 Relative abundance of invertebrate classes and their composition at Fogg Dam, 
East Point and Holmes Jungle combined. 

Phylui'n Class % Orders (number of individuals recorded) 

Annelida earthworms 48 

leeches 3 

Arthropoda arachnids 7 

insects 35 

Haplotaxida (1240) 

Gnathobdellida (86) 

Araneae (195) (Fam.: Salticidae (67), 

Zodariidae (59), Lycosidae (33), 

Scytodidae (15), Heterpodidae (12), 

Gnaphosidae (7), Theridiidae (2)) 

Hymenoptera (531), Coleoptera (131), 

Dictyoptera (65), Orthoptera (50), 

Lepidoptera (38), Hemiptera (14), 

Isoptera (8) 

centipedes 4 Scol opendromorph a (56), Geophilomorpha 

(30), Lithobiomorpha (5) 

millipedes 2 luliformia (51) 

crustaceans 1 Isopoda (25) 
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Significant differences in numbers between bimonthly samples were found 

for earthworms (ANOVA. F = 151.8, j,  < 0.001), leeches (F = 13.0. p < 0.001), 

insects (F = 5.7, p < 0.001), centipedes (F = 6.2, p < 0.001) and millipedes (F = 

10.7, p  <0.001). Earthworms (Mann-Whitney U = 2.0, p  <0.01) and millipedes (U 

= 0.5, p  <0.01) were more common in the wet season than in the dry season, while 

leeches (U = 10.0, p > 0.05), insects (U = 14.0, p > 0.05) and centipedes (U = 14.5, p 

> 0.05) were counted in similar numbers in both seasons (Fig. 6.8). 

The seasonal variation in numbers and biomass of litter invertebrates was 

mainly due to the fluctuations of earthworm abundance. This class presented 3% of 

the total number of invertebrates collected during the dry season and 62% of 

invertebrates collected during the wet season. Earthworms were recorded only when 

the moisture content of the topsoil was at least 20% (Fig. 6.9). They were often 

completely absent at the end of each dry season until the first heavy rain started in 

October or November. The number of earthworms collected and the moisture 

content of the topsoil were significantly correlated (Rp = 0.76, a = 37, p  <0.0001). 

Table 6.3 Mean number of invertebrates per class (± c.v.) collected at Fogg Dam, East 
Point and Holmes Jungle during 13 bimonthly samples. Probability levels of ANOVA: * = 

p < 0.05, = p < 0.01, " = p < 0.001. Letters join means that are not significantly 
different between sites (LSD test, p > 0.05). 

Fogg Dam East Point Holmes Jungle 

Class mean c.v. mean c.v. mean c.v. F values 

Earthworms 57.2a (1.4) 9.5 (1.8) 28.8a (1.2) 64.3*** 

leeches 2.2 (1.7) 0.2 (4.0) 4.2 (1.3) 65.3*** 

spiders 4.2 a (0.8) 6.5 b (0.8) 4.9 ab (0.7) 6.3** 

insects 25.5 (0.5) 24.0 (0.6) 20.9 (0.7) 1.5 

centipedes 2.5a (1.0) 3.7a (1.6) 1.2 (1.3) 6.4** 

millipedes 0.0 (0.0) 1.1 (1.7) 2.9 (1.8) 17.0*** 

crustaceans 2.5 (0.8) 1.5 (0.7) 1.5 (0.8) 0.4 

total 94.1 46.5 64.4 
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Figure 6.8 Mean number of invertebrates collected at the major sites and their composition. 
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Figure 6.9 Relationship between the number of earthworms collected per sample at each of 
the three major sites and the moisture content of the topsoil. 

There was a significant variation in the number of earthworms between the 
type of habitats where Rainbow Pittas had been recorded at Fogg Dam (F = 22.3, n = 

40, p  <0.001) (Fig. 6.10). More earthworms were noted in the monsoon -rai nforest, 
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Syzygiuml Barringtonia forest and Lophostemon forest, than in the paperbark forest 

and eucalypt forest (LSD test, all p < 0.001). Similar numbers of earthworms were 

recorded in the first three types of forest, and similar numbers were also noted in the 

latter two types (LSD test, all p > 0.05). There was no variation in earthworm 

abundance during the 1993/94 wet season between areas within the monsoon-

rainforests at the major sites (Fogg Dam, F = 0.1, n = 30, p  >0.05; East Point, F = 

0.4, ii = 20, p > 0.05; Holmes Jungle, F = 0.4, n= 16, p > 0.05). 1-1  

In contrast to the Northern Territory, snails (Gastropoda) were recorded in 

Queensland, but no leeches (Table 6.4). Earthworms were more common in the 

Northern Territory than in Queensland, while crustaceans were more common in the 

latter region (both U = 0.0, ii = 8, p < 0.05). Of the crustaceans collected in 

Queensland, 73% were amphipods (Amphipoda), and the remainder were woodlice 

(Isopoda), while only woodlice were recorded in the Northern Territory. Spiders, 

insects, centipedes, and millipedes showed similar frequencies in both regions (U = 

7.0, 5.0, 6.0 and 6.0, respectively; all n = 8, p > 0.05). 
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Figure 6.10 Total number of earthworms counted in different habitats at Fogg Dam during 

the 1994/95 wet season. No counts were conducted in January. 

No sample was collected in the paperbark forest in February 1995 because this habitat was inundated 
at that time. 
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Table 6.4 Mean number of invertebrates per sample, collected in northern Queensland, in 

both seasons. 

Dunk Island Lake Eacham Cairns Kuranda' Iron Range 

Earthworms 1 1 0 0 10 

Snails 1 0 1 0 0 

Spiders 6 1 5 1 7 

Insects 14 16 21 60 21 

Centipedes 5 0 1 0 4 

Millipedes 1 0 1 0 8 

Crustaceans 10 28 23 7 18 

Total 37 46 50 67 68 

Invertebrates at Kuranda were only collected during the wet season. 

6.4 Discussion 

The effect of water availability on invertebrate abundance has been shown by several 

studies in the tropics. Artificial watering increased the number of forest floor 

arthropods in a rainforest on Barro Colorado Island in Panama (Levings & Windsor 

1984). Biomass of arthropods in the leaf litter was greater during the wet season than 

during the dry season in a seasonal tropical forest in Peru (Pearson & Derr 1986). 

Numbers of forest floor invertebrates rose with increased precipitation in a rainforest 

near Paluma in northern Queensland (Frith & Frith 1990). At this site monthly 

samples were taken over 19 months. In accordance with these findings, invertebrate 

numbers were higher in the wet season than in the dry season at my study sites in the 

Northern Territory and in Queensland. The same trend was shown by the biomass of 

invertebrates in the Northern Territory, while in Queensland biomass did not differ 

significantly between these two seasons, probably due to the small sample size for 

that region. 

My estimations of biomass have to be considered as conservative, because 

Gowing and Recher (1985) recommended using regressions from places as similar 
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as possible to the study site in continent, climatic zone and vegetation 

characteristics. My estimations were based on length-weight regressions mainly from 

temperate Australia (Gowing & Recher 1984). due to lack of similar comprehensive 

equations from tropical Australia. 

It is widely accepted that food availability during the breeding season is a 

major factor in determining the number of offspring produced by birds (Lack I 947a, 

1968). All three Australian pitta species breed during the wet season (North 1909; 

Beruldsen 1980). Abundance and biomass of invertebrates was greater at the sites in 

the Northern Territory than in Queensland during the wet season, which was mainly 

due to relatively low numbers of earthworms found in the latter region. Earthworms 

consisted of 1 .1% of all invertebrates sampled with a similar method by Frith and 

Frith (1990) in a northern Queensland rainforest. This is consistent with 0.9% at my 

Queensland sites, while 48% of invertebrates I collected belonged to this class in the 

Northern Territory. The difference in earthworm abundance between these two 

regions could be caused by one or more of several environmental factors, like the 

chemical composition of the inorganic and organic components of the soil or the 

nature of the underlying material, which are known to influence earthworm numbers 

even on a small scale (Lee 1985). During the dry season, there was no difference in 

invertebrate numbers/ biomass between the Northern Territory and Queensland sites. 

The ratios of invertebrate abundance and their biomass sampled in the wet 

season over the dry season clearly was greater for the Northern Territory (4.4 

individuals and 106.5 mg, respectively) than for Queensland (2.2 individuals and 2.2 

mg), indicating a greater flush of food for ground-foraging insectivorous birds in the 

former region. The clearly higher seasonality index in the Northern Territory for 

biomass than for invertebrate numbers was due to the high abundance of relatively 

heavy invertebrates like earthworms and millipedes during the wet season. The 

values for Queensland are likely to be slightly underestimated because wet season 

samples were taken in this region partly before the first heavy rainfall. However, the 

seasonality indices for invertebrate numbers sampled by Frith and Frith (1990) was 

1.4, and was therefore even below my value for this region. The apparently smaller 

extent of seasonal fluctuations in invertebrate abundance in northern Queensland can 
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be explained with the less seasonal character of the rainfall pattern in that region (see 

chapter 1). 

Seasonal fluctuations in numbers of invertebrates and their biomass in the 

Northern Territory was almost entirely due to variation in abundance of earthworms. 

The amount of leaf litter apparently had no effect on their abundance, although these 

invertebrates feed on plant matter including undecomposed leaves (Lee 1985). 

Seasonal variation in amount of leaf litter at the Northern Territory sites accorded 

with observations by Spain (1984) in three rainforests in northern Queensland, where 

leaf litter accumulated during the dry season with highest levels in the early wet 

season. 

In terms of their respiratory and excretory physiology earthworms more 

closely resemble aquatic than truly terrestrial animals and are therefore highly 

dependant on adequate moisture conditions (Lee 1985). Their abundance in the leaf 

litter at Fogg Dam was significantly correlated with moisture content of the topsoil, 

and increased dramatically after the first heavy rainfall of the wet season, which 

raised the soil moisture content above 20%. This flush of earthworms in the leaf 

litter at the onset of the wet season could be due to migration to the surface at 

favourable soil moistures after spending several months in relatively desiccated 

condition in burrows, as has been recorded for several members of this class (Lee 

1985). 

Earthworms reached their highest abundance in December, and subsequently 

declined in numbers in the leaf litter at the major sites during the rest of the wet 

season, although the moisture content of the topsoil remained above 20% until April. 

This decline in numbers is partly due to predation on earthworms by a wide range of 

animals. Birds, mammals, reptiles, amphibians and a variety of invertebrates have 

been recorded to prey on earthworms (Macdonald 1983; Lee 1985). Another reason 

for the decline in abundance was flooding, which was recorded at Fogg Dam and 

Holmes Jungle at the end of the wet season, affecting however only the lower 

elevations of these monsoon-rainforests. Anaerobiosis leads to respiratory stress in 

earthworms, which they can survive only for short periods (Gruner & Zebe 1978; 



98 

Lee 1985). High numbers of drowned earthworms were found in flooded areas at 

Fogg Dam. 

Relatively low values of invertebrate numbers and biomass were recorded in 

February 1993 compared with values for the same month in the two subsequent 

years. This was mainly caused by variation in abundance of earthworms. These 

invertebrates were abundant at Fogg Dam and Holmes Jungle after the first heavy 

rainfall of the wet season, which clearly started earlier in 1992 than in 1993 and 

1994. This early rainfall in 1992 probably caused an early flush of earthworms 

accompanied by an earlier decline in abundance, and therefore resulted in the low 

numbers of February 1993. 

Invertebrates at Fogg Dam and Holmes Jungle had a similar biomass. More 

invertebrates were however collected at the former site, mainly owing to slightly but 

not significantly higher numbers of earthworms and insects at Fogg Dam. 

Invertebrate numbers and their biomass were lower at East Point than at the former 

two sites, mainly due to the few earthworms and leeches at East Point, probably 

caused by the generally low moisture content of the topsoil at this semi-deciduous 

forest site. 

Similar numbers of earthworms were recorded in the monsoon-rainforest, the 

Syzygium! Barringtonia forest and the Lophostemon forest at Fogg Dam. A 

significantly lower abundance of these invertebrates was noted in the adjacent 

eucalypt forest, probably due to the relatively dry character of this habitat. Lower 

invertebrate abundance in the paperbark forest, however, was probably the result of 

complete inundation at the end of every wet season, causing drowning of 

earthworms. 

Apart from earthworms millipedes were the only invertebrate class with clear 

seasonal variation in numbers, showing their highest abundance also during the wet 

season. In contrast to earthworms millipedes reached, however, only relatively small 

population levels, and their seasonal fluctuations in abundance are therefore unlikely 

to influence the breeding activities of their predators. 
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Insects were the most often sampled invertebrates at the Northern Territory 

sites after earthworms. The absence of seasonal fluctuations of sampled insects 

contrasts with a dramatic increase in moth and butterfly larvae coinciding with heavy 

production of new foliage at the beginning of the wet season in rainforests of Costa 

Rica (Janzen 1980). Yet a similar flush of insects was observed on the foliage of 

shrubs and trees at Fogg Dam. Hemipterans frequented the foliage during the wet 

season in such numbers that many branches broke due to their load. Yellow Orioles 

Oriolus flavocinctus fed on these hemipterans, whose flush coincided with the 

breeding of this bird species (pers. obs.). 

The increased abundance of invertebrates in northern Queensland during the 

wet season compared with the dry season was mainly due to an almost doubling of 

insect and crustacean numbers. Crustaceans were significantly more common in 

Queensland than in the Northern Territory, mainly due to amphipods. Crustaceans 

constituted 31 % of invertebrates I collected in Queensland, yet they constituted only 

1% of the invertebrates in the Northern Territory, consistent with the 30% of all 

invertebrates sampled by Frith and Frith (1990) in Queensland. 

Individuals of landsnails are more common in the rainforests of northern 

Queensland than in the monsoon-rainforests of the Northern Territory, their mean 

diameter is greater in the former region, and their species diversity is also greater in 

the former region (R. Willen, pers. comm.). This statement accords with my 

observations of obviously higher numbers of snail shells at the Queensland sites, and 

the size of the most common Queensland species being about twice that of the 

regularly-encountered Northern Territory species. In spite of high numbers of snail 

shells encountered at the Queensland sites, only few snails were found in litter 

samples from this region. This discrepancy may be due to difficulties in detecting 

snails, which could have been caused by their inactivity during the dry season and 

onset of the wet season when sampling took place. Activity periods of snails tend to 

be associated with rainy periods (Wilbur & Yonge 1964). 



CHAPTER 7 DIET 

7.1 introduction 

7.2 Methods 

7.3 Results 

7.4 Discussion 



101€ 

7.1 Introduction 

The principal methods applied in determining the diet of birds are direct observation, 

examination of faeces, use of emetics, stomach-flushing and examination of 

stomachs of killed birds. Little information has been published on the diet of 

Australian passerines (Ford et a]. 1982). Pittas spend much of their time on the forest 

floor, searching for litter invertebrates, but small vertebrates like frogs and skinks, 

and vegetable matter have also been recorded in their diet (Campbell & Lack 1985; 

Rabor 1986; Coates 1990; Round 1991). Major food items of pitta species, derived 

from few observations, are earthworms for the Fairy Pitta Pitta nympha in Taiwan 

and Gurney's Pitta P. gurneyi in Thailand, earthworms and snails for the Giant Pitta 

P. caerulea also in Thailand, and insects for the Hooded Pitta P. sordida and Red-

bellied Pitta both in the Philippines (Round & Treesucon 1983; Rabor 1986; Round 

et al. 1989; Severinghaus et al. 1991). The Rainbow Pitta reputedly feeds on 

earthworms, snails, insects and small skinks (McLennan 1917; Frith & Calaby 1974; 

Hall 1974). 

The present chapter describes the range and relative abundance of food items 

collected by Rainbow Pittas. An attempt was made to compare the diet of adults and 

nestlings during the breeding season. 

7.2 Methods 

Five different methods were used to determine the diet of the Rainbow Pitta. The 

results of all methods combined show the range of items consumed, and give an 

approximate index of the relative importance of these items. 

Observations on feeding adults - During observations of the activity pattern of 

Pittas (see chapter 4), items eaten by birds were identified with binoculars (Nikon, 9 

x). The drawback of this method is that only very large food items can be identified. 

Observations at nests - Active nests were observed for up to two hours. Food 

items carried by parents to the nests were identified with a telescope (Kowa, TS-601, 



101 

25 x), which was erected not closer than 20 in from the nests. Only moderately large 

food items can be identified with this method. 

Faecal samples - Faeces were collected during banding operations, and preserved 

in 70% alcohol. A total of 63 faecal samples were examined under a dissecting 

microscope. The remains of arthropods were identified by comparisons with 

invertebrates collected during litter samples (chapter 6). Ants were identified to 

genera by H. Reichel of the Conservation Commission of the Northern Territory. 

Length values of earthworms, measured during litter samples (see chapter 6), were 

fitted into power models for length-weight to estimate their mean weight. Remains 

of ants and beetles were compared with sampled litter arthropods to estimate their 

length, and these values were also fitted into power models: v = axb, where y is dry 

weight (mg), x is length (mm), and a and b are taxon-specific parameters. For 

earthworms a = 1.500, b = 2.390 (Reynolds 1972); for ants a = 0.018, b = 2.489 and 

for beetles a = 0.037, b = 2.689 (Gowing & Recher 1984). The number of arthropods 

per faeces was assessed, and the percentage of amorphous matter was estimated by 

volume to the nearest 10%. The drawback of this method is that no soft material is 

preserved in faeces. However, seasonal changes of arthropod numbers in the diet can 

be assessed. 

Stomach flushing - In October and November 1994 stomach flushing (Brensing 

1977; Ford et al. 1982) was carried out on a small sample of trapped adult birds in 

order to yield additional data on the diet of Rainbow Pittas. A plastic syringe was 

filled with 4 ml tap water. An 18 cm long section of flexible plastic tubing with 2.5 

mm diameter was attached to the syringe. The tube was inserted into the stomach. 

The syringe was emptied slowly and then quickly removed from the bird. Within 5 s 

Pittas defecated the water and some contents of the stomach and alimentary canal 

into a funnel held under the birds. The samples were stored in 70% alcohol and 

analysed as per faecal samples. Treated Pittas showed no signs of discomfort. 

Stomach flushing had the same advantages and bias as faecal samples, because most 

of the material gained was largely digested. 
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e) Stomach contents - The stomach from one adult Pitta was available for 

examination. The dead bird was found by H. Thompson on 21 August 1994 beside 

the road through East Point Reserve. The stomach contents were searched for food 

particles, which were identified by G. Brown of the Northern Territory Museum of 

Arts and Sciences. This method yields accurate information on the relative 

abundance of invertebrate orders in the diet, but is probably still biased toward hard-

bodied prey. Because of ethical considerations, no Pittas were killed for the purpose 

of examining stomach contents. 

The diets of Noisy and Red-bellied Pittas were analysed by observations on 

feeding adults and by faecal samples in northern Queensland in July! August 1994 

and December 1994! January 1995. 

Data were stored on "Microsoft Excel" and examined with "Statistica for 

Windows" (release 4.5; Stat Soft, Tulsa, USA). Seasonal differences in number of 

earthworms consumed by Rainbow Pittas were analysed with a Chi-square test. 

Mann-Whitney U tests were used to analyse variation in number of arthropods or 

amount of amorphous matter between birds of different age-groups, in different 

habitats and during different seasons. Seasonal comparisons in the Northern 

Territory were made by pooling data into six month periods (November to April = 

wet season, May to October = dry season). 

7.3 Results 

A total of 124 food items, gathered or consumed by Rainbow Pittas, was identified 

from November 1992 to March 1995 by direct observations at nests or of foraging 

birds. Nearly two thirds of these items were earthworms (Fig. 7.1). The next most 

important category was insects. Earthworms were significantly more often consumed 

by adult Rainbow Pittas during the wet season than during the dry season (x2 = 8.3, 

df= 1, n = 88 observation periods, p < 0.01). They were also often fed to young, but 

were not found in faecal samples (Fig. 7.2), due to efficient digestion of these soft-

bodied prey. In faecal samples ants and beetles predominated, and were consumed 

all year round. 

The importance of earthworms for Rainbow Pittas can further be shown by 

comparing the biomass of the most common food items. The mean length (± s.d.) of 
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Figure 7.1 Relative abundance of taxa (ii =124) eaten by Rainbow Pittas, identified by 

direct observations. 
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Figure 7.2 Relative abundance of taxa (n = 121) eaten by Rainbow Pittas, identified by 

faecal material sampling or stomach flushing. 

earthworms (n = 148) collected at the major sites was 59.6 mm (± 22.1 mm) which 

resulted in an mean weight of 107 mg, estimated by length-weight relationship 

equations. The mean length (± s.d.) of ten beetles and 47 ants from faeces was 7.7 

mm (± 2.4 mm) and 6.4 mm (± 2.1 mm), respectively, resulting in clearly lower 

estimated mean weights than for earthworms (9.0 mg and 1.8 mg, respectively). 

At Fogg Dam, the number of arthropods found in 28 faecal samples of adult 

Rainbow Pittas did not differ between dry and wet season (Mann-Whitney U = 78, n 
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= 148. p > 0.5). Similar numbers of arthropods and amount of amorphous matter 

were found in faeces of adults and nestlings during the wet season (U = 78 and 38, 

respectively: n = 29 and 21, respectively; both p > 0.5). There was no significant 

difference in the number of arthropods and amount of amorphous matter between 

nestling faeces from the monsoon-rainforest and eucalypt forest (U = 356 and 80, 

respectively; ii = 65 and 30, respectively; both p > 0.05). 

Most invertebrates that Pittas detected, including earthworms, were usually 

swallowed whole. When collected for their young, however, earthworms were 

chopped into pieces in situ. During the breeding season, birds were often seen with a 

bill full of invertebrates, which they sometime deposited for a few seconds on leaf 

litter in order to pick up additional food. 

Besides earthworms and arthropods, Rainbow Pittas consumed a wide range 

of food items in the forest leaf litter (Table 7.1). The smallest food items identified 

were 3 mm long ants, of which one each were found in ten faeces of nestlings. The 

largest food items seen were scolopendromorph centipedes, small frogs and skinks. 

The size of bone fragments that were found in five of the faeces suggests small frogs 

or skinks as their origin. On three occasions a Pitta was observed feeding on a c. 8 

cm long centipede (Chilopoda, Scolopendromorpha). The bird seized the centipede 

with its bill, shook it with two or three quick lateral head movements, released the 

prey and retreated a few centimetres. These attacks were repeated every 10-20 s. 

This behaviour pattern was shown on each of the three occasions for about 15 mm, 

followed by ingesting the prey. The bird showed the same head movements to break 

off small pieces of the centipede's body, and subsequently consumed them over 30 

mm, or more. 

On three occasions, I observed birds at East Point using roots as anvils to 

break open snails. These roots were exposed due to digging by Agile Wallabies 

Macropus agilis (S. Stirrat, pers. comm.). In each case the bird hit the snail against 

two or three different roots. Anvils with a number of broken shells in their vicinity 

were never detected. One bird jumped several times 5 cm high to collect bugs 

(Hemiptera) from fronds of palm seedlings (Livistona benthamii), and another 

individual collected ants from a branch near its nest. In general however, food was 



Table 7.1 Taxa eaten by Rainbow Pittas, identified by observations, faecal samples and 

stomach flushing. 

Class Order Description J N 
7 N 

7 Meth. 

Angiospermae fruits of carpentaria palm 2 2 o 

Oligochaeta Opisthopora earthworms 70 32 o 

Gastropoda Stylommatophora snails 3 3 0 

Arachnida Aranea spiders 3 3 o,f 

Insecta Dictyoptera cockroaches 6 6 f 

Insecta Dictyoptera mantis 1 I o 

Insecta Orthoptera crickets 3 3 o,f 

Insecta Hemiptera bugs 2 1 f 

Insecta Coleoptera beetles 49 29 f 

Insecta Coleoptera beetle larvae 12 10 o,f 

Insecta Lepidoptera butterflies and caterpillars 2 2 o 

Insecta Hymenoptera ants (Opisthopis, Crematogaster, 

Solenopsis, Pheidole) 70 41 f 

Chilopoda Scol opendro- centipedes 

morpha 15 14 o,f 

Diplopoda Juliformia millipedes 1 1 f 

Amphibia Salientia frogs 4 4 0 

Reptilia Squamata skinks 2 2 f 

Number of food items observed or collected 
of stomach flushings, faeces sampled and/ or observations of birds 

Method of identification: o = direct observation, f = faecal sample or stomach flushing. 

collected from the ground or from logs. Fruits of carpentaria palms Carpentaria 

acuminata were consumed as well as fed to nestlings during the wet season, when 

this palm fruited. 

The stomach of an adult bird found dead at the road through East Point 

Reserve during the mid-dry season contained many larvae (61%), including Diptera, 

which were not identified by any other method (Table 7.2). 



Table 7.2 Stomach contents of adult Rainbow Pitta from East Point 

Class Order Description N Meal? length (niiii) 

Arachnida Aranea part of spider 1 

Insecta Dictyoptera cockroach (Calolampra) 1 8 

Insecta Coleoptera part of adult beetle (Onthophagus) 1 5 1 

Insecta Coleoptera beetle larvae (Tenebrionidae) 4 17 

Insecta Lepidoptera parts of caterpillars 2 151  

Insecta Diptera maggots 13 20 

Insecta Hymenoptera ants (Odontomachus) 9 9 

Estimation of length by comparison of insect fragments with invertebrates collected for food 
availability studies. 

The time spent studying pittas in northern Queensland was too short to allow 

an assessment of the range of items in their diet. Food items of the Noisy Pitta 

included fruits of Alexander palms Archontophoenix alexandrae (n = 1), blue 

quandong Elaeocarpus angustifolius (1) and fig trees (Ficus sp.) (1), earthworms (2), 

snails (1), beetles (2) and ants (7). All observations of this bird species feeding on 

fruits were made in July 1994. All insects were identified from two faecal samples, 

collected while following one Noisy Pitta. Only two earthworms were identified as 

prey while observing Red-bellied Pittas. 

7.4 Discussion 

The Rainbow Pitta feeds on a wide variety of food, including earthworms, snails, 

arthropods, small vertebrates and fruit, and can therefore be described as 

euryphagous. Mainly beetles and ants were consumed during the dry season, which 

were replaced by earthworms as the predominant item during the wet season. The 

seasonal change in diet of the Rainbow Pitta reflected the temporal variation in food 

availability. Beetles and ants (combined), and earthworms represented 48% and 3%, 

respectively, of invertebrates sampled from the leaf litter during the dry season; and 

18% and 62%, respectively, of the wet season samples (see chapter 6). Of the 

remaining invertebrate classes and insect orders found in litter samples, all were 
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recorded in the diet of this bird species apart from leeches, termites and woodlice, 

which comprised only 41-7r, of the invertebrates sampled in the leaf litter. 

Seasonal changes in diet have been recorded for many bird species including 

the Crested Brown Bulbul Pycnonotus cutilotus and Large Olive Bulbul P. plumosus 

of humid tropical rainforest in Sarawak, which changed their diets from 

predominantly fruits to insects in October 1965 and the subsequent months, when 

fruits were remarkably scarce (Fogden 1972). Some Australian honeyeaters are more 

nectarivorous in winter, and more insectivorous in summer, which is likely due to 

high abundance of nectar in winter and spring, and of insects in spring and summer 

(Ford 1989; Woinarski & Cullen 1984; Ford & Paton 1986). 

Faeces contained up to 95% amorphous matter, much of which may have 

originated from earthworms, because the other most common food items (beetles 

and ants) usually left indigested remains. The amount of amorphous matter and 

number of arthropods recorded in faeces from nestlings and adults were similar, 

indicating that adults and nestlings have a similar diet. 

Although at Fogg Dam clearly more earthworms were recorded in the leaf 

litter of the monsoon-rainforest than of the eucalypt forest, there was no significant 

difference in the amount of amorphous matter between nestling faeces from these 

two habitats. This lack of difference in amount of amorphous matter could be due to 

the small sample size (31 faeces for habitats combined), or a proportionally greater 

amount of earthworms consumed by adults in the monsoon-rainforest than in the 

eucalypt forest. This could not be tested statistically, however, because of the paucity 

of foraging observations and faecal samples of adults in the latter habitat. 

The two items consumed most often by adult birds were earthworms and 

insects. While the consumption of earthworms clearly declined during the dry 

season, the number of insects eaten did not. This discrepancy indicates that Pittas 

consume less food during the dry than wet season, possibly due to reduced 

availability of food during the dry season. This is consistent with the data on 

invertebrate availability but is also consistent with increased food requirements 

during the breeding season. 
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A clear difference in availability of food items and their consumption occurs 

for the fruits of the Carpentaria Palm. These fruits are plentiful on monsoon-

rainforest floors from December to March (Wightrnan & Andrews 1989), but were 

only on two occasions identified as food items of Pittas. 

The great amount of caution the Rainbow Pitta showed in attacking 

centipedes probably relates to the venomous jaws of this invertebrate (Barnes 1974). 

It would be interesting to determine whether such handling of venomous prey is 

genetically-determined or learned, as in Blue Jays Cyanocitta cristata, who become 

ill after eating poisonous Monarch Butterflies Danaus plexipus, but subsequently 

avoid them (Brower 1969). 

The Noisy Pitta, Red-bellied Pitta, Banded Pitta Pitta guajana and Superb 

Pitta P. superba have been observed using stones or logs as anvils, to break open 

snails, whose broken shells litter the ground around such anvils (Franca 1967; Detry 

1970; Perrins & Middleton 1985; Dutson & Newman 1991). I never encountered an 

anvil of Rainbow Pittas, although I observed this species feeding on snails, on three 

occasions, each time using several root anvils. Absence of anvils surrounded by a 

substantial number of broken shells in this species could be due to the relatively low 

number of snails in the monsoon-rainforests of the Northern Territory compared to 

the rainforests of Queensland (see chapter 6), where the Noisy Pitta lives. 

Alternatively it may due to the high availability of stone anvils in the Northern 

Territory, at least in dry coastal monsoon-rainforests around Darwin (pers. obs.), 

such that Rainbow Pittas do not have to concentrate breaking snail shells at few 

selected sites. 

During the short observation period of Noisy Pittas, fruits of various tree 

species, earthworms, snails and arthropods were recorded in their diet, indicating 

that this species feeds on a wide variety of food items. Taylor and Taylor (1995) 

recorded the same animal taxa, but no fruit, during observations at a Noisy Pitta nest. 

Most other pitta species seem to feed mainly on earthworms, snails and insects 

(Table 7.3). However, as this study is the first detailed investigation of the diet of a 

pitta species, it is likely that many other members of this family feed on a greater 

variety of food items than has been recorded for them. 
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Table 7.3 Items recorded in the diet of pitta species. 

Species Tcixa offood iems Reference' 

U) U) 

t 
= 

U) 
_C 
C 

- 

Rainbow Pitta Pitta iris X X X X X X X X X X 4,13,14, 

27 

Noisy Pitta P. versicolor X X X X X 2,3,5,6,7,8, 

12, 14,15,17, 

18,26, 27 

Red-bellied Pitta P. erythrogaster X X X X 3,19,22,27 

Gurney's Pitta P. gurneyi X X X 1,20 

Superb Pitta P. superba X 23 

Blue-winged Pitta P. moluccensis X X 9,25 

Hooded Pitta P. sordida X X X X X 9,10,11,16, 

19,22 

Giant Pitta P. caerulea X X X X 21,24 

Mangrove Pitta P. megarhyncha X 24 

Eared Pitta P. phayrei X 24 

Blue-naped Pitta P. nipalensis X X X 9 

Indian Pitta P. brachyura X X 9 

Blue Pitta P. cyanea X X 9 

References: 1, Hume & Davison 1877; 2, North 1909; 3, MacGillivray 1914; 4, McLennan 1917; 5, 
Jackson 1927; 6, Jarvis 1929; 7, Favaloro 1931; 8, Franca 1967; 9, Ali & Ripley 1970; 10, Detry 

1970; 11, Rutgers & Gould 1970; 12, Trudgeon 1971; 13, Frith & Calaby 1974; 14, Hall 1974; 15, 

King & King 1974; 16, Peckover & Filewood 1976; 17, Rogers 1977; 18, Pizzey 1980; 19, Rabor 

1986; 20, Round & Treesucon 1986; 21, Round, Treesucon & Eames 1989; 22, Coates 1990; 23, 

Dutson & Newman 1991; 24, Lekagul & Round 1991; 25, Round 1991; 26, Taylor & Taylor 1995; 

27, this study. 
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8.1 Introduction 

Breeding characteristics of Australian passerines, which have been studied 

predominantly in the temperate zone include a low clutch size, a long breeding 

season and low breeding success. This pattern has been related to the lack of strong 

seasonality in Australia (Woinarski 1985; Wyndham 1986; Yom Toy 1987). The 

tropical environment of the Rainbow Pitta, however, has a clear climatic seasonality 

(Nix 1983; Ridpath 1985). Given that pittas arrived in Australia relatively recently 

(Ford 1989) they may be expected to differ in breeding characteristics from 

temperate passerines of the Australian endemic assemblage. 

Several authors have compared the few available data from studies of the 

breeding biology of tropical birds with the vast amount of data from temperate 

zones. Compared to their temperate counterparts, tropical birds have small clutch 

sizes, slow nestling growth rates and complicated nest structures (Skutch 1949; 

Ricklefs 1969a, 1976; Foster 1974a,b). These characteristics have been viewed as 

adaptations to factors such as high interspecific competition, high nest predation, 

decreased daylength, long periods of heavy rain, and nutritional limitations in the 

tropics (Lack 1947a; Ricklefs 1969a, 1970, 1974; Foster 1974b). 

Nesting of a number of pitta species in captivity and in the field has been 

documented (Delacour 1934; Lee et al. 1989; Round et al. 1989), yet no extensive 

study of the breeding biology of any of these species exists. The Rainbow Pitta 

reputedly breeds from November or December to March. Its nest is a large domed 

structure with an entrance at the side, and is said to be built predominantly on the 

ground (Beruldsen 1980; Pizzey 1980). There are no published observations about 

parental behaviour, or incubation and nestling periods of the Rainbow Pitta. 

The objectives of the following account were: 

to assess which environmental variables determine timing of breeding; 

to document the breeding cycle, including parental care, and growth and 

development of young; and 

to evaluate whether breeding of the Rainbow Pitta follows the general pattern 

described for Australian birds, most of which have been studied in the temperate 

zone, or whether it accords with that of other tropical birds. 



8.2 Methods 

During the 1992/ 93, 1993/ 94 and 1994/ 95 breeding seasons, 25 to 30 days per 

month were spent in the field. Northern Queensland was visited for five weeks in 

December 1994/ January 1995 to investigate breeding of the Noisy and Red-bellied 

Pitta, and the remainder of the breeding period was spent at the major sites in the 

Northern Territory to study breeding of the Rainbow Pitta. 

8.2.1 Nests and incubation 

Nests of Rainbow Pittas were found mainly by following birds showing potential 

breeding behaviour. I also conducted systematic searches, concentrating in areas 

where Pittas were sighted. The locations and structure of the nests were recorded. 

The exposure of nest entrances, which opened horizontally, were assigned to the four 

main cardinal points using a compass. Readily accessible nests were inspected 

immediately after detection. Less accessible nests were watched for up to two hours 

to identify the stage of breeding. If nest building seemed to be complete, these nests 

were reached by using a 2.4 m aluminium ladder or climbing gear (provided by D. 

Curl). The stage of breeding was checked for each nest in periods of I to 5 days. 

The clutch-size was recorded if the same number of eggs was counted on two 

visits more than 24 hours apart (Courtney & Marchant 1971). The weight of eggs 

was measured with a Pesola spring scale to the nearest 0.5 g and their length and 

breadth was recorded with dial callipers to the nearest 0.1 mm. Eggs found among 

nestlings were dissected to test whether they were fertile and contained an embryo. 

The incubation period was estimated by the interval (± I day) between the 

laying of the last egg and the hatching of the last young, and was accurately assessed 

on one occasion by marking all eggs of a clutch with a pen and recording the interval 

from the laying of the last egg to the hatching of this egg (Marchant 1980). 

in northern Queensland, I searched for up to two hours daily for nests of the 

Noisy and Red-bellied Pittas. In addition, all pittas encountered were watched for 
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signs of potential breeding behaviour, but dense vegetation precluded foflowing 

them to nests. 

The RAOU Nest Record Scheme provided data for 18 nests of Noisy Pittas, 

found by a total of seven ornithologists, mainly in the Brisbane region. No data were 

available on Red-bellied Pittas. 

8.2.2 Nestling stage and fledging 

I examined morphometrics of 25 Rainbow Pitta nestlings, from six nests at Fogg 

Dam and one nest at East Point, for which the date of hatching was known. These 

nests were visited every two days to gain reference measurements for estimating the 

age of young of other nests. The plumage colour of these nestlings was also 

recorded. In addition, I banded 29 nestlings of unknown age at Fogg Dam, 23 at East 

Point and three at Holmes Jungle. 

All nestlings were banded at the age of about ten days, and were measured 

every time a nest was inspected. They were weighed with a Pesola spring scale to the 

nearest 0.5 g, and the lengths of the tarsus and central tail feathers were taken with 

dial callipers to the nearest 0.1 mm (Lowe 1989). The length and percentage (to 

nearest 10%) of new primary feathers released by the shaft was recorded. This rating 

yielded an excellent base to estimate the day of fledging. Young were banded with 

one metal band (provided by Australian Nature Conservation Agency) and three 

colour bands (provided by Australian Bird Study Association) with individually 

unique combinations. 

The length of the fifth primary feather and the wing length were measured 

with dial callipers, to the nearest 0.1 mm, of one adult Rainbow Pitta specimen from 

the Northern Territory Museum of Arts and Sciences. These values allowed 

comparison of wing measurements between nestlings and adults, because it was not 

possible to measure wing chord length from nestlings, as was done for adults (see 

chapter 2). 
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Growth of weight. tarsus, primary feathers and tail feathers of nestlings was 

analysed with the following logistic equation: 

W,= A/[1+exp (-K (t -tj))] (8.1) 

where W is the weight (g) or the length of morphometrics (mm) at the age t (days), 

and A, K and r1  are constants (Ricklefs 1967, 1968a). A is the asymptotic 

measurement the young reach when fledging, tj is the age (days) at the point of 

inflection of the growth curve, when the young reach half of the fledging weight! 

length, and K measures the rate of growth. The constant A was estimated with mean 

measurements of young birds either one day before fledging or newly fledged (ii = 

7). The constant tj was determined graphically by estimating the age of young at the 

point of inflection. The growth rate (K) was then calculated by inputting the 

estimated values for A, t1  and data of known-age nestlings into the following 

equation, derived from (8.1): 

K= - ln(A/W - 1)/(t- t1) (8.2) 

To compare weights of same-aged nestlings from different sites or habitats, I 

first estimated the age of nestlings with known tarsus length using the following 

equation, derived from (8.1): 

t = tj - ln( Al W -1)/K) (8.3) 

where W1  = tarsus length (mm) at the age t (days), A = 39.2 mm, K = 0.38 days', tj = 

4.1 days (estimated from nestlings of known age). This estimated age was then fitted 

into equation (8.1), to estimate the weight of nestlings; where W = weight (g), A = 

50.2 g, K = 0.48 days', tj = 4.4 days (estimated from nestlings of known age). This 

estimate of weight was then compared with the measured weight of the same birds, 

to determine whether these individuals were above or below the mean weight 

relative to age, estimated from tarsus length. 
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The nestling period was estimated by the interval (± I day) between the 

hatching of the last egg and the fledging of the last young. The participation of the 

sexes in feeding the nestlings was observed at four nests with a telescope (Kowa, 

TS-601, x 25). Young of two nests were located daily for a few weeks just after they 

left the nest to determine how long they were fed by their parents and how long they 

stayed in their natal territory. 

8.2.3 Statistical analysis 

Data were stored on "Microsoft Excel" and analysed with "Statistica for Windows" 

(release 4.5; Stat Soft, Tulsa, USA). Differences in weight of nestlings between sites 

and habitats, variation in feeding frequency between sexes and exposure of nest 

entrances to the four main cardinal points were analysed with Chi-square tests, using 

Fisher exact probability test, if an expected frequency was below 5. The latter test 

was also used to compare the time birds spent building and maintaining nests (less 

than 10 days vs. 10 days or longer) between different years. 

F-tests were used to compare variation in height of nest sites between 

habitats. Student's t-tests were used to analyse differences in egg weight, egg length 

and egg width between sites and habitats, and to compare the frequency with which 

nestlings of different age groups (less than 8 days old vs. 9 days or older) were fed 

by their parents. Mean values per clutch were used for analyses of egg 

measurements. Mann-Whitney U-tests were used to compare clutch-size and height 

of nests between habitats, and the height of nest-sites detected by the two different 

methods (following birds vs. systematic searches). 

8.3 Results 

8.3.1 Timing of seasonal breeding 

Nesting activity of Rainbow Pittas was recorded during the wet season from the last 

week of October to the beginning of March. All colour-marked individuals studied 

were apparently monogamous within each breeding season. The species was multi- 
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brooded, and built a new nest for each brood attempt (see later). There was relatively 

clear annual and spatial variation in the date of first nest building and first egg laying 

over the three seasons (Table 8.1). The first nest building and the first laid egg were 

recorded earlier in the 1993/94 and 1994/95 breeding seasons than in 1992/93. Birds 

built their nests and laid eggs almost two weeks earlier at East Point than at Fogg 

Dam in 1993/94, and one week earlier in 1992/93. At Fogg Dam, the last clutch was 

laid earlier in the first season than in the second, and was laid earlier in the second 

season than in the third. Based on records at Fogg Dam, the total length of the first 

breeding season was one month shorter than the second, and two months shorter 

than the third season. 

A total of 95 occupied nests was detected at Fogg Dam, 11 at East Point and 

five at Holmes Jungle. At Fogg Dam, 69 nests were built in monsoon-rainforest, 19 

in eucalypt forest, four in Lophostemon forest, two in Syzygiumi Barringtonia forest 

and one in a pine plantation. All nests at East Point and Holmes Jungle were situated 

in monsoon-rainforest. Of all 111 nests detected, 79 were found by following 

individuals suspected of breeding, and the remainder by systematic searches. 

Table 8.1 Estimated dates (± 3 days) of first nest building, first laying and last laying of 

clutches by Rainbow Pittas at Fogg Dam (FD), East Point (EP) and Holmes Jungle (HJ) 

from 1992 to 1995. 

1992/1993 1993/1994 1994/1995 

FD EP Hf FD EP Hf FD EP Hf 

First nest 

building' 

First laid 

clutch2  

Last laid 

clutch2  

Nov.10 Nov.3 Nov.4 Oct.28 Oct.15 - 

Nov.20 Nov.14 Nov.17 Nov.8 Oct.25 - 

Jan.14 - - Feb.1 - - 

Oct.25 - - 

Nov.9 - - 

Feb.25 Feb.14 - 

First record of nest building activity. 
2  Estimated date of first laid egg. 
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Breeding was concentrated in the first two thirds of the wet season, when 

invertebrates showed their highest abundance (see chapter 6) (Fig. 8.1). More nests 

were found during the 1993/94 and 1994/95 seasons than in 1992/93, which can be 

explained by an improvement in my ability to detect nests. The higher number of 

nests found in the 1993/94 than 1994/95 season was mainly due to more time spent 

on searching for nests during the former season. 

The period between completion of nest building and laying the first egg was 

normally shorter than five days. In November 1994, however, four out of seven pairs 

studied intensively in the monsoon-rainforest at Fogg Dam delayed laying for one to 

three weeks after they finished building, which was the only time this phenomenon 

was recorded. The period spent on building and maintaining nests from 1 November 

to 10 December was therefore slightly, but not significantly, longer in 1994 than in 

1992 and 1993 combined (Fisher exact probability test, df— I, n = 25, p > 0.05). 

This delay in laying in 1994 coincided with a relatively low November rainfall 

compared with the two previous years (see Fig. 8.1). 

600 

500 r invertes 

E Rainfall 
E 

-13—Nests 

400 

C 
0 I- 

lei 300 

13 
t 13 a C 

200 

a 
E S 
z 

100 

0 1 4' ''I't'' ':'*'l'r - 1 13 ri -fl 'r 'I - 

Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb 

1993 1994 

35 

30 

25 

20 
C 
0 
4, 

15 

10 

5 

0 

Figure 8.1 Number of nests' occupied each month at Fogg Dam compared with monthly 

rainfal12  and abundance of invertebrates3  at this site. 

Nests of all breeding stages, including building period, were recorded. No values of nest numbers 
are given for December 1994 and January 1995, due to a 6 week visit to sites in northern 

Queensland during this period. 
2  Meteorology Bureau rainfall data for Middle Point. 

Bimonthly samples of invertebrates in the leaf litter at Fogg Dam from February 1993 to February 
1995; no samples were collected in October and December 1992 (see chapter 6). 
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Systematic searches for pitta nests during more than 40 hours in northern 

Queensland were unsuccessful. No potential breeding behaviour was observed 

during 90 min of observations of Noisy Pittas and 180 min of Red-bellied Pittas in 

December 1994/ January 1995. 

8.3.2 Nest sites 

In the core area (ca. 5 ha) of the monsoon-rainforest at Fogg Dam the majority of 

nests was probably detected, whereas in other habitats at this site and at other study 

sites relatively few nests were located. All but two of 111 completed nests were 

domed, with an entrance at the side (85%) or near the top (14%); the two exceptions 

were cup-shaped, with no roof, and both contained nestlings when found. The mean 

measurements (± s.d.) of four nests were: diameter = 26.1 cm ± 3.9 cm, height = 

22.2 cm ± 1.4 cm, width of entrance = 9.5 cm ± 0.6 cm, height of entrance = 7.2 cm 

± 0.9 cm, inside diameter = 11.5 cm ± 0.7 cm, and inside height = 8.5 cm ± 0.3 cm 

(Fig. 8.2). Nest entrances which opened horizontally were exposed in similar 

amounts to the four main cardinal points (f = 2.3, df= 3, n = 57, p > 0.05). 

Figure 8.2 Domed nest of Rainbow Pitta with side entrance, built on ground between 

buttressed roots, showing measurements taken. 
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A variety of nest-sites was used, but the majority was found at the top of 

stumps or forks in tree trunks (Table 8.2). All nests at the top of palms were 

constructed in Pandanus spiralis (Pandanaceae), and all nests on leaf bases, which 

had persisted on the trunk, were situated on fan-palms Livistona benthamii 

(Arecaceae). Most nests placed on horizontal branches were built in Leichhardt trees 

Nauclea orientalis (Rubiaceae). Nests on the ground were built against buttressed 
roots of Sterculia holtzei (Sterculiaceae), Syzygium nervosum (Myrtaceae) and 

Terminalia microcarpa (Combretaceae), and nests in vines were constructed in 

Flagellaria indica (Flagellariaceae) and Tinospora smilacina (Menispermaceae). At 

least 24 plant species were used for nests. There was a clear variation between sites 

in tree species chosen for nesting (Table 8.3). The species most frequently used for 

nesting in the monsoon-rainforest were Nauclea orientalis and Syzygium nervosum, 

while in the eucalypt forest Pandanus spiralis was predominantly chosen. 

Nests found by systematic searches were significantly lower in height than 
nests detected by following breeding birds (Mann-Whitney U = 662.5, n = Ill, p < 

0.001), which is related to the higher probability of finding nests at eye-height (or 

lower) than ones built high in the canopy, when searching. Therefore only nests 

found by following birds were used for subsequent analyses. The mean height (± 

s.d.) of all 79 nest sites, detected by following birds, was 5.4 m (± 4.0 m) and the 

Table 8.2 Sites of all 111 Rainbow Pitta nests detected. 

Nest site Number of nests 

in tree or shrub top of stump or in fork 56 

top of decaying tree leaning onto other tree 15 

top of palm 9 

leaf base of palm, persistent on trunk 8 

horizontal branch 9 

in vines 3 

on pile of branches 

on ground 10 
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Table 8.3 Frequency of use of tree and shrub species in which Rainbow Pitta nests were 

built. 

Plant species Fogg Daiii 

monsoon- rainf 

Fogg Dam 

other habitats' 

East 

Point 

Holmes 

Jungle 

Acacia auriculiformis 3 3 

Aistonia actinophylla 1 

Antidesma ghaesembilla 

Barringtonia acutangula 4 1 

Exocarpos latifolius 2 

Ficus racemosa 3 

Litsea glutinosa 

Livistona benthamii 4 4 

Lophostemon lactifluus 2 

Macaranga tanarius 2 

Melaleuca sp. 1 

Nauclea orientalis 17 

Pandanus spiralis 2 7 

Peltophorum pterocarpum I 

Pinus sp. 1 

Pisonia aculeata 2 

Sterculia holtzei 8 

Strychnos lucida 1 5 

Syzygium nervosum 18 

Syzygium suborbiculare 3 

Terminalia microcarpa 8 

Wrightia pubescens I 

unidentified species 

total 59 23 11 4 

Other habitats at Fogg Dam included eucalypt forest, Lophostemon forest, Syzygium! Barringtonia 

forest and a pine plantation. 

highest site recorded was 20 m in a Carpentaria acuminata palm. Nest sites in the 

monsoon-rainforest at Fogg Dam were significantly higher (6.3 m ± 4.1 m) than 
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those in adjacent eucalypt forest (2.1 m ± 1.3 m) (U = 94.5. ii = 72, p <0.01), but 

were also significantly more variable in height (F = 9.9, df= 70, p  <0.01). 

8.3.3 Nest building 

The two sexes shared in building the nest, which took about one week to complete. 

The first stage involved constructing a platform by using long twigs up to 30 cm. 

The domed roof was then built with similar material and lined with bark strips of 

Melaleuca sp., fronds of Livistona benthamii and a few leaves of Acacia 

auriculiformis, Syzygium nervosum, or other species. In the final stage, the birds 

lined the inside of the nest with finer material such as fronds of the fern 

Stenochlaena palustris or rootlets. The base of the entrance of 21% of Ill nests was 

lined with faecal pellets of herbivorous mammals (mainly Agile Wallaby Macropus 

agilis). Five nests had other "decorations" at the nest entrance: hair, a scat of a Dingo 

Canis familiaris dingo, unidentified regurgitated pellets, a feather of a raptor 

(Accipiter sp.) and a whole skink (Scincidae) (one nest each). A single white feather 

from the Sulphur-crested Cockatoo Cacatua galerita was found at the entrance of 

four nests. 

The species bred successfully up to two times each season. A new nest was 

built for each brood, or if a brood was lost due to predation. An intensively studied 

pair (YB male, unbanded female) at Fogg Dam constructed five nests in the 

1993/1994 breeding season of which, due to predation, only two yielded fledglings. 

Nest sites were not concentrated on the centre or periphery of the territory, and were 

normally not located close to previously used nests. The shortest distance between 

two contemporaneously used nests (involving different pairs) was 45 m. Two pairs 

used the same nest site as during the previous season, but this was never recorded 

within the same season. There was considerable variation in nest site selection 

within pairs. For example one pair (RM male, RY female) built their first nest in 

1993 on the ground and the second one 8.5 m high in a tree. 

On two occasions I witnessed a bird flying from tree to tree and stopping at 

forks near the trunk. This was unlike the usual behaviour of individuals flying onto 
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exposed branches for resting or calling. The fact that these birds started a few days 

later to build nests indicates that they were inspecting potential nest locations. Both 

(YR, BB) were males. 

8.3.4 Egg laying and incubation 

Eggs were laid on successive days. The modal clutch size was four (81%); the 

remaining clutches were of three (14%) and five (517c). The mean (± s.d.) was 3.9 (± 

0.4, ii = 21). Nests found in the monsoon-rainforest and in the eucalypt forest at 

Fogg Dam contained clutches of similar size (Mann-Whitney U = 20.5, n = 15, p > 

0.05), and eggs of similar weight, length and width (Student's t = 0.57, 1.31 and 

0.96, respectively; df= 8, 12 and 12, respectively; p >0.05) (Table 8.4). 

Both sexes incubated. The incubation period was once shorter than 14 days 

and twice longer than 13 days. It was recorded as 14 days 10 h ± 12 h for one 
marked last laid egg, and can therefore be generalised as 14 days. The longest sitting 

bout recorded was 135 mm, averaging 87 mm (s.d. = ± 27 mm, n = 6). The nests 

were unattended between incubation shifts for a mean period (± s.d.) of only 3.01 

mm (± 2.57 mm, ii = 16). They were unattended for only a few seconds between 

shifts in 56% of the cases, which happened when pairs performed nest-relief rituals. 
The arriving bird uttered the standard call two or three times from a tree near the nest 

site. A few seconds later the incubating bird left the nest and was replaced by its 
partner. Calling was only recorded from the arriving bird. There was no 

Table 8.4 Comparison of clutch-size of Rainbow Pittas, and weight (g) and dimensions 
(mm) of their eggs between two types of habitats at Fogg Dam. 

Habitat Clutch-size Weight Length Width (N)' 

mean s.d. mean s.d. mean s.d. mean s.d. 

monsoon- 4.0 ±0.8 6.5 ±0.5 25.9 ± 1.0 21.4 ±0.6 (16) 

rainforest 

eucalypt 3.9 ±0.3 6.2 ±0.4 25.8 ±0.5 21.1 ±0.4 (43) 

forest 

Number of eggs. 
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difference in this behaviour between sexes. Incubating birds were never fed by their 

partners. 

In two nests one egg was found among at least two-day old nestlings. 

Subsequent sectioning revealed no embryos, which shows that these eggs were 

infertile or the embryos had died very early in development. Of eight nests checked 

immediately before and less than five days after hatching, all 31 young hatched 

successfully. Four eggs yielded three hatchlings in another nest, where the missing 

hatchling had probably been predated, because on each of the following two days 

another young of this nest disappeared. These observations show that infertility was 

a minor factor in nest failure. 

8.3.5 Development of young 

Hatchlings did not have any down. Their skin, bill and feather pins were black, their 

claws yellow, and the tip of the bill and the gape bright orange. They opened their 

eyes at the age of four days. The feathers on the lower belly turned red after one 

week, and the wing coverts turned blue-green after 13 days. Primaries, secondaries 

and tail feathers emerged from their pins at the age of ten days. The primaries were 

still only three quarters out of the pins when the young left the nests. 

The nestling period was slightly longer than 13 days on three occasions, once 

longer than 14 days, once shorter than 14 days, and twice shorter than 15 days, and 

so may be generalised as 14 days. In a further case one young (75094) had left the 

nest less than 12 days post-hatching, probably to avoid predation, judging from the 

remains of another young bird next to the nest. The escaped bird was unable to fly 

because its primaries were still mainly in their pins. 

The initial increase in weight and morphometrics of 25 nestlings of known 

age was slow, followed by a phase of rapid growth, then reduced growth towards 

fledging; growth of this species was therefore sigmoidal (Figs. 8.3 to 8.5), as 

expected from growth data of other passerines (Ricklefs 1967, 1968a, Oniki & 

Ricklefs 1981). Sigmoidal growth curves can be completely described by the 
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constants K, tj and A. The growth rate (K) is proportional to the overall i-ate of 
nestling growth, which is higher for weight, primary and tail feathers than for tarsus 
(Table 8.5). The constant tj is the age of maximum growth, which is greater for the 
primary and tail feathers than for weight and tarsus, because the former two started 
to grow later. The asymptote of the growth curve (A), reached when fledging, was 
compared with data from adults (chapter 2). Weight of fledglings was clearly lower 
than that of adults, while tarsus length was similar between these two age classes. 
Fledglings had clearly shorter primary and tail feathers than adults. 

In order to statistically compare weights of same-aged nestlings from 
different sites! habitats, I fitted their tarsus length into growth equations to estimate 
their weight (see methods). These estimations were then compared with actual 
weights of the same birds. At Fogg Dam, real weight was often above estimated 
weight, whereas at East Point the converse was true. These differences were 
statistically significant, which shows that individuals at Fogg Dam were heavier 

relative to their tarsus length than at East Point (x2 = 9.0, df= 1, n = 39, p < 0.01). 
There was no significant difference between the monsoon-rainforest and the eucalypt 
forest at Fogg Dam in relation to differences between estimated and measured 
weight ( 2 = 1.5,df= 1,11=23,p>0.05). 

Table 8.5 Constants1  describing sigmoidal growth of Rainbow Pitta nestlings, and 
measurements of adults. 

K t j  A Adults 

Weight 0.48 days' 4.4 days 50.2 g 63.2 g 
Tarsus length 0.38 days- ' 4.1 days 39.2mm 38.8 mm 
Length of primary feather2  0.50 days' 7.8 days 51.4mm 78.8mm 
Length of tail feathers 0.55 days' 8.4 days 14.3 mm 38.7mm 

See text for definition of constants. 
2  Primary-length of adults was estimated from wing length, which is 27% longer than primary-length, 

because it includes the elbow. 
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Figure 8.3 Postnatal growth of weight of Rainbow Pitta nestlings (n = 7 broods). 

Each type of symbol combines nestlings of the same brood. 
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Figure 8.4 Postnatal growth of tarsus of Rainbow Pitta nestlings (ii = 7 broods). 

Each type of symbol combines nestlings of the same brood. 
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Figure 8.5 Postnatal growth of primary (a) and tail (b) feathers of Rainbow Pitta nestlings 

(n = 5 and 6 broods, respectively). 

Each type of symbol combines nestlings of the same brood. 
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weight more quickly than expected according to mean weight of other known age 

individuals. This fast increase in weight indicates a lack of significant decrease in 

the feeding rate by parents after the predation incident. The above-average weight 

increase of this nestling was, however, not accompanied by an accelerated growth of 

tarsus length, suggesting that weight, but not tarsus length, is sensitive to variations 

in feeding rate. 

At Fogg Dam, parents fed nestlings at eight nests on average every 7 min 30 s (s.d. = 

± 6.0 mm, n = 92). Feeding frequency increased with age of nestlings (Student's t = 

2.4, df = 90, p < 0.05), as expected due to the high energy requirements of older 

offspring (Tinbergen 1981; O'Connor 1984). Both sexes fed the young with similar 

frequencies (Fisher exact probability test, df = 1, p > 0.05) (Fig. 8.6). Nestling 

faeces, enclosed in gelatinous sacs, were carried from nests by parents on 26% of 

visits to nests (n = 68). 

After fledging, the young of three broods stayed for another 15 to 20 days in 

their natal territory, where they were fed by both parents until they reached 

independence. On one occasion a female fed her 16 or 17 day-old young (post 

fledging), while the father attacked it. 

Table 8.6 Comparison between mean weight gain (g) and tarsus growth (mm) of nestling 

Rainbow Pittas (n = 22) and that of nestling (75043) whose siblings were predated in the 

early nestling stage. 

Age (days) 1 3 5 7 9 11 

Mean weight 7.5 16.0 26.8 39.7 45.5 49.0 

s.d. ± 1.4 ±2.3 ±3.0 ±2.2 ±3.1 ±4.7 

Weight of 75043 7.5 18.5 27.0 40.5 50.5 57.0 

Mean tarsus length 11.3 15.4 22.8 29.2 34.5 38.0 

s.d. ±0.6 ± 1.1 ±0.9 ± 1.2 ± 1.6 ± 1.7 

Tarsus length of 75043 10.8 15.4 22.0 28.2 33.5 36.8 



35 

30 

25 

Lo 

 
20 

G) 

0 

1

15 

10 

S 

0 

127 

RR/ijrbanded H H BBIunbande 

Colour band combinations of breeding couples 

Figure 8.6 Sexual comparison of frequencies of feeding nestlings of the Rainbow Pitta. 

On two occasions, a pair was observed building a new nest only three and 

five days respectively, after the fledging of their young from the previous nest. These 

adults were thus building a new nest while still feeding their young. No additional 

intervals between broods were recorded due to the secretive nature of this species. 

8.4 Discussion 

8.4.1 Timing of seasonal breeding 

In this study Rainbow Pittas nested during the wet season from the last week of 

October to the beginning of March. This is consistent with published data for many 

insectivorous passerines in the Top End (Frith & Davies 1961b), although R. Noske 

(in press) has shown that some insectivorous passerines of mangroves in Darwin 

breed mostly during the dry season. In lowland rainforests in New Guinea, ground-

foraging insectivorous birds also predominantly breed during the wet season (Bell 

1982). Breeding of Asian pittas coincides mainly with the part of the year with 

highest precipitation (Round & Treesucon 1983; Collar et al. 1986; Round 1991; R. 

Noske, pers. comm.). 
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The timing of breeding in birds is governed by ultimate factors like food 

availability and proximate factors like temperature (Baker 1938; Lack 1954). In 

many tropical areas, protein condition of individual birds or rainfall rather than 

temperature are the key variables (Snow & Snow 1964; Ward 1969; Fogden 1972; 

Wunderle 1982; Campbell & Lack 1985). Rainbow Pittas seem to be influenced 

mainly by rainfall, because the start of building coincided with the first heavy rain at 

the beginning of the wet season. Rainfall, which raised the moisture content of the 

topsoil above 20%, led to a dramatic increase in abundance of earthworms in the leaf 

litter of monsoon-rainforests. This invertebrate class was the major food item 

Rainbow Pittas fed to their young (chapters 6, 7). A total rainfall of 50 mm was 

recorded at Fogg Dam at the end of October/ beginning of November 1994, which 

was followed by nest building activity at this site. However, this rainfall was too 

little to increase worm numbers in the leaf litter, and was followed by a drought till 

the end of November, during which many birds delayed laying (Meteorology Bureau 

rainfall data for Fogg Dam). This incident re-affirms that the first heavy rain is the 

proximate factor for breeding in this species, inducing nest building, while laying 

appeared to depend on food availability. Several studies in the north temperate zone 

showed that an adequate food supply must be available to the female for the 

formation of eggs (Perrins 1970; Murton & Westwood 1977; Immelmann 1971). 

Woodall (1994) stated that rainfall, or some food source correlated with it, 

may be the proximate factor for the start of breeding of Noisy Pittas. This species 

normally starts breeding in the Cairns area in November, and on Cape York 

Peninsula in January (Woodall 1994). The Red-bellied Pitta arrives in Cape York in 

December or January (sometimes November), and starts breeding after the first 

heavy rain (G. Beruldsen, pers. comm.). My lack of breeding records of these two 

species in December 1994/ January 1995 may be related to the very late start of the 

wet season, causing a delay in breeding. The first substantial rainfall at Cairns and 

Iron Range during this season was recorded in mid-January (normally December) 

(Meteorology Bureau data for Cairns and Lockhart River). 

The length of the breeding season of multi-brooded birds depends on several 

factors like climate (as indicated by latitude), food availability or cost to the parents 
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(Witherby et al. 1952: Perrins & Birkhead 1983). The European Blackbird Turdus 

merula. like the Rainbow Pitta, feeds its young mainly on earthworms. This species 

ceases breeding much earlier in a dry summer, when these invertebrates are not 

easily available, than in a wet summer (Snow 1958). The length of the breeding 

season of the Rainbow Pitta, like that of the Blackbird, can be explained by variation 

in rainfall and its effect on food availability. The relatively early end of the 1992/93 

breeding season coincided with a relatively low abundance of earthworms during 

February 1993. The relatively long 1994/95 breeding season, estimated by breeding 

activity, was in fact short for several pairs that delayed laying at the beginning of the 

breeding season. The late end of this breeding season coincided with record high 

rainfalls during the second half of the wet season. The relative late start of breeding 

during the 1992/93 breeding season may be partly due to my lack of experience in 

detecting nests at the beginning of the field research. 

Most tropical bird species have greatly extended breeding seasons compared 

to their counterparts in temperate zones (Ricklefs 1969a). Nests of some tropical 

species have been found in every month of the year. Mean values in length of 

breeding season of birds at three sites in temperate zones were 3.1 to 4.2 months, 

while in humid neo-tropical sites the mean season was 6.6 to 9.8 months (Ricklefs 

1969a). Breeding of insectivorous rainforest birds in Sarawak, Borneo, was sharply 

defined, lasting from December to June (7 months) (Fogden 1972). In one of the few 

ecological studies on an individual bird species in the tropics of south-east Asia, 

Ward (1969) showed that the Yellow-vented Bulbul Pycnonotus goiavier in 

Singapore bred from January to July (7 months). The length of breeding seasons in 

the wet-dry tropics of northern Australia appears to be shorter than in the humid 

tropics: most insectivorous birds breed between October and January (4 months) 

(Frith & Davies 1961b). This contradicts Wyndham's (1986) estimations of 8 to 9 

months for this region, based on a latitudinal decrease in the period of breeding from 

ten locations in Australia. Extended breeding in the tropics has been explained by 

the more stable climate of this zone than in temperate regions, causing little seasonal 

variation in food supply (Ricklefs 1969a; Fogden 1972). The highly seasonal rainfall 

of the Top End and its effect on food availability are likely to be the reasons for the 

relatively restricted period of breeding of birds in this region. 
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Breeding of pittas appears to reflect this pattern of longer breeding seasons in 

humid tropical Asia than in the Top End. Rainbow Pittas bred for a mean period of 

three months, while nests of the Mangrove Pitta Pitta megarhyncha have been 

recorded on the Malay Peninsula from April to August (5 months), and the Gurney's 

Pitta P. gurneyi in peninsular Thailand appears to breed from late May or early June 

until November (6 months) (Medway & Wells 1976; Collar et al. 1986). 

The breeding season of the Bananaquit Coereba flaveola spans five months 

in Grenada (Caribbean). This neo-tropical island, like the Top End of the Northern 

Territory, shows a very seasonal rainfall. The Bananaquit feeds primarily on 

lepidopteran larvae which seem to be abundant for at least five months, because 

breeding starts when insects increase in numbers (or slightly earlier), and no 

starvation of nestlings was recorded at the end of the breeding season, indicating still 

sufficient food resources at that time (Wunderle 1982). This example demonstrates 

that the length of the breeding season depends not just on the seasonality of the 

climate, but also on the particular effect the climate has on food availability. 

The seasonal rainfall of the Top End affects different trophic groups and/ or 

levels of specialisation to varying degrees. The unspecialised omnivorous Yellow 

White-eye Zosterops lutea and White-throated Honeyeater Melithreptus albogularis 

breed almost all year-round (Frith & Davies 1961b; R. Noske, in press). By contrast 

the specialised frugivorous Figbird Sphecotheres viridis, breeds mainly from 

September to November, while nectarivorous Red-headed Honeyeaters Myzomela 

erythrocephala, and Brown Honeyeaters Lichmera indistincta breed from June to 

October, when mangroves produce most nectar (R. Noske, in press). The 

reproductive season of the Rainbow Pitta coincides with the availability of 

earthworms, which are highly dependent on moisture content, and abundant in 

monsoon-rainforests for only two to three months (chapter 6). 

8.4.2 Nests 

The Rainbow Pitta, like other species of this family, built domed nests (All & Ripley 

1970; Round & Treesucon 1983; MacKinnon 1990; Severinghaus et al. 1991). Nest 
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entrances of the Superb Pitta Pitta superha seem to face away from the prevailing 

wind, so that the rain does not enter the nest (Coates 1990). However, nest entrances 

of Rainbow Pittas were oriented in all directions in similar amounts, and not 

predominantly towards south-east as might be expected in the wet season. Although 

the vast majority (85%) of nests had their entrance at the side, 14% were open near 

the top, exposing the incubating bird and young to the rain, which can be very heavy 

during the breeding season of this species. Entrances of Rainbow Pitta nests on the 

ground faced in the opposite direction of the adjacent tree trunks, and nests that 

opened near the top were only found on the top of tree stumps, forks or palms. 

This indicates that nest entrances were oriented to yield the maximum visual 

angle for the incubating bird to detect approaching predators. The typical domed 

shape of these nests conceals birds and eggs, indicating domed nests may have 

evolved in response to predation pressure rather than rainfall. Domed nests are more 

common in the tropics than in temperate zones and are often regarded as an anti-

predator adaptation (Skutch 1966; Ricklefs 1969a; Collias & Collias 1984). Indeed, 

decoration of Pitta nest entrances with the faecal pellets of herbivorous mammals 

and other animal matter may be related to predation pressure on eggs and nestlings, 

and will be discussed in the next chapter. 

Nests of Rainbow Pittas were found in a wide variety of sites and plant 

species: in monsoon-rainforest, eucalypt forest, Lophostemon forest and Syzygiuml 

Barringtonia forest, all habitats in which this species was regularly seen for the entire 

year (chapter 3). In addition, one nest was found in a pine plantation, suggesting this 

species is quite flexible in its nesting requirements. 

The differences between sites in trees chosen for nesting can be explained by 

the different floristics of the sites. Pandanus spiralis, often used for nests in eucalypt 

forest, was common in this habitat at Fogg Dam, but occurred only at the edges of 

the monsoon-rainforest at this site and at Holmes Jungle, and is completely absent in 

the part of the monsoon-rainforest studied at East Point. Variation in height of nest 

sites between monsoon-rainforest and eucalypt forest is related to differences in 

canopy height, which reaches more than 20 m in the monsoon-rainforest, but is less 

than 10 m in the adjacent eucalypt forest, apart from emergent eucalypt trees. 
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Unlike the Rainbow Pitta, the Noisy Pitta apparently nests mainly on the 

ground. Data provided by the RAOU Nest Record Scheme showed that 18 nests 

were situated directly on the ground, mostly between buttressed roots, and only one 

was constructed 15 cm above ground. This difference in nest height may be an 

adaptation to flooding, which was regularly recorded at Fogg Dam and Holmes 

Jungle due to lack of topographic variation in this area, while it is less likely in 

eastern Australia, where water is drained along the slopes of the Great Dividing 

Range. Differences in height of nest sites between East Point, which was never 

inundated during my study, and Fogg Dam could not be tested statistically because 

most nests at the former site were detected by systematic searches, which were 

shown to underestimate height of nests at Fogg Dam. 

A more likely explanation for tree-nesting by the Rainbow Pitta is a higher 

predation pressure on ground nests in the monsoon-rainforests of the Northern 

Territory than in the rainforests of the Brisbane region, where most Noisy Pitta nests 

have been found. Nest predation in the monsoon-rainforest at Fogg Dam 

significantly decreased with height of nest sites (chapter 9). However, conclusions 

on variation in predation pressure in different forest strata between these two regions 

are highly speculative due to lack of comparative data. Nest building in trees due to 

predation has been recorded of Bald Eagles Haliaeetus leucocephalus, Ospreys 

Pandion haliaetus and Brown Noddy terns Anous stolidus. Each of these species nest 

in trees when predators are present, but nest on the ground on islands without 

predators (Collias & Collias 1984; Sherrod et al. 1977). Another explanation for the 

apparent difference in height of nest sites between Noisy and Rainbow Pittas is that 

high nests of Noisy Pittas were not detected due to a bias in method of data 

collection. Most Noisy Pitta nests were found by systematic searches or by chance, 

methods which are shown here to underestimate nest height for Rainbow Pittas. 

8.4.3 Clutch-size 

Clutch-size of birds tends to increase with latitude. Passerines in the tropics most 

frequently have a clutch of two (Moreau 1944; Lack 1947a; Skutch 1949; Fogden 

1972). Small clutches of tropical birds have been attributed mainly to reputed higher 

predation pressure (Cody 1966; Foster 1974a) and to limited food availability due to 
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short daylength, high interspecific competition or low seasonality in resources 

(Ashrnole 1961, 1963: Lack 1966; Ricklefs 1970, 1980). Pittas appear to show some 

geographical variation in clutch-size within the tropics. Clutch-sizes of the Gurney's 

Pitta (3), Giant Pitta Pitta caerulea (2) and Blue Pitta P. cyanea (2-4) in peninsular 

Thailand appear to be smaller than those in India of the Blue Pitta (4-5), the Blue-

naped Pitta P. nipalensis (4-6) and Indian Pitta P. brachyura (4-6) (Ali & Ripley 

1970; Round 1983; Round et al. 1989). This variation in clutch-size between these 

two regions supports Ashmole's (1961, 1963) hypothesis that fecundity is directly 

related to seasonality of resources, since the more stable climate of Thailand is likely 

to cause limited seasonal variation in food availability. Ashmole's hypothesis is also 

supported by studies of Koenig (1984, 1986), showing an inverse correlation 

between clutch-size in North American woodpeckers (Picidae) and winter 

productivity of resources. 

The clutch-size of the Noisy Pitta is three or four (n = 4 and 3, respectively). 

The Rainbow Pitta laid significantly larger clutches ( X = 3.9) than the Noisy Pitta 

(Fisher exact p, df = 1, n = 28, p < 0.05) (Table 8.7). The difference in clutch-size 

between these two species contradicts the trend of larger clutches at higher latitudes 

(Ricklefs 1969a, 1980), because most clutches of the Noisy Pitta were found in the 

Brisbane area (260  S), while my records of Rainbow Pittas were mainly from Fogg 

Dam (12° 33'S). This apparent anomaly can partly be explained with Ashmole's 

(1961, 1963) hypothesis. Rainfall in the Darwin region is clearly more seasonal than 

in Brisbane: 7% and 32%, respectively, of the yearly precipitation is recorded during 

the drier half of the year (Anon. 1989), probably also causing clearer fluctuations of 

invertebrate abundance in the former region. 

Another reason for the difference in clutch-size between these two species 

may be variation in dietary specialisation. While Rainbow Pittas fed their nestlings 

mainly with earthworms (see chapter 7), one pair of Noisy Pittas collected a wide 

variety of invertebrates including centipedes, grasshoppers, flies, ants, snails, 

caterpillars and earthworms during only a relative short observation period (Taylor 

& Taylor 1995). The more generalised diet of the Noisy Pitta may be due to less 

seasonal fluctuations in food sources for this species (chapter 6) because not all 
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Table 8.7 Comparison of clutch-size and egg measurements (mm) between Rainbow and 

Noisy Pitta. 

Species Clutch-size - (N) Egg length Egg width (N) 

mean s.d. mean s.d. mean s.d. 

Rainbow Pitta 3.9 ±0.4 (21) 25.9 ±0.8 21.2 ±0.5 (57) 

Noisy Pitta' 3.4 ±0.5 (7) 30.8 ±3.3 23.6 ± 1.1 (14) 

Data provided by the RAOU Nest Record Scheme. 
Underlined values are significantly different between these two species. 

invertebrate taxa (and fruit) show their highest abundance during the wet season, 

which according to Ashmole's (1961, 1963) hypothesis, causes smaller clutches. 

Woodall (1994) analysed records of Noisy Pitta clutches (including 

incomplete clutches) and found a positive correlation between clutch-size and 

latitude between Cape York Peninsula and northern New South Wales (10°  to 320  S). 

The author considered his data as inconsistent with Ashmole's hypothesis because 

northern New South Wales has a less seasonal rainfall than Cape York Peninsula. 

However, the greater seasonal variation of temperature in northern New South Wales 

may reduce the effect of rainfall on fluctuation in food availability (Anon. 1989). 

Litter samples in Cape York showed only minor fluctuations in abundance of 

invertebrates compared to the Northern Territory (see chapter 6). There may be no 

clear significant difference in seasonal fluctuations of food availability between 

northern New South Wales and Cape York, so that other factors such as variation in 

predation rates, interspecific competition, or daylength are likely to play more 

important roles in determining clutch-size in this species. 

The only predominantly insectivorous passerine of the Top End other than 

the Rainbow Pitta, for which extensive data are available, is the Rufous-banded 

Honeyeater Conopophila albogularis (Noske, unpubl. data). The small clutch-size of 

this species ( X = 2.12, n = 85) relative to the Rainbow Pitta ( X = 3.9) may relate 

to its fairly generalised diet of nectar, fruit and insects (R. Noske, in prep.), or 

otherwise may be linked to the phylogeny of this family, because most honeyeaters 

have small clutches (Pizzey 1980; Schodde & Tidemann 1986). Smaller clutches 

than Rainbow Pittas have been recorded for most other insectivorous, nectarivorous 
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and frugivorous passerines in the Top End for which such data are available (Table 

8.8). One exception to this rule is the granivorous finches (Estrildidae), which might 

be explained by the significant fluctuations of food availability for this bird group. In 

the Top End, there is at least 100-fold variation throughout the year in availability of 

grass seeds suitable for finches. The highest density of fallen grass seeds was 

recorded in the late wet to early dry season (Woinarski & Tidemann 1991), which is 

when these bird species breed (Zann 1986). 

The relatively large clutch-size of the Rainbow Pitta accords with the 

striking seasonal variation in earthworm abundance, caused by the strong effect of 

rainfall on these invertebrates (see chapter 6). The smaller clutch-size of other 

passerines in this region may be due to phylogeny, or relatively small seasonal 

variation in food availability, in some cases facilitated by movements between 

habitats differing in seasonality of food resources. While many monsoon-rainforest 

birds move to other habitats during the time of low food availability (Kikkawa et al. 

1981), the Rainbow Pitta shows no seasonal movements between habitat types and 

appears to be restricted to monsoon-rainforests and related habitats (chapter 3). 

While the length of the breeding season appears to depend on the period 

over which food availability remains above a certain threshold, clutch-size may be 

Table 8.8 Clutch-size' of passerines of the Top End. 

Species Clutch-size Main diet 

White-bellied Cuckoo-shrike Coracina papuensis 1-2 insects 

Lemon-breasted Flycatcher Microeca flavigaster 1 insects 

Shining Flycatcher Myiagra alecto 1-3 insects 

Bar-breasted Honeyeater Ramsayomis fasciatus 2 nectar 

Red-headed Honeyeater Myzomela erythrocephala 2 nectar 

Gouldian Finch Erythrura gouldiae 4-8 seeds 

Masked Finch Poephila personata 4-6 seeds 

Long-tailed Finch P. acuticaudata 4-5 seeds 

Figbird Specotheres viridis 2-3 fruit 

Data from Zann (1986); R. Noske (unpubi. data). 
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determined mainly by the degree to which this threshold of food availability is 

exceeded, notwithstanding the effects of other factors like predation pressure, day 

length and interspecific competition (Ford 1989). 

Rainbow Pitta eggs in the monsoon-rainforest at Fogg Dam had a similar size 

as those in the eucalypt forest. Possible differences were unlikely to be detected due 

to the small sample size (n = 12 clutches). Mean values for egg measurements from 

the monsoon-rainforest were greater than those from the eucalypt forest (Table 8.4). 

This possible difference would accord with higher abundance of earthworms in the 

former habitat (see chapter 6). There is considerable variation in egg weight of birds, 

and eggs are smaller whenever it is difficult for a female to acquire sufficient food 

for egg formation (O'Connor 1984). Noisy Pittas had significantly longer and wider 

eggs than Rainbow Pittas (U = 28.5 and 4.0, respectively; both n = 71, p < 0.001) 

(Table 8.4), which can be related to the larger body size of the former species (see 

chapter 2). Rahn et al. (1975) showed that egg weight is related to body weight of 

birds. 

Sharing of incubation duties by the Rainbow Pitta is consistent with 

observations for other species of this family, such as the Gurney's, Red-bellied and 

Noisy Pittas (Round & Treesucon 1986; Coates 1990; Taylor & Taylor 1995). The 

male of Gurney's Pitta was observed to feed the incubating female (Round & 

Treesucon 1986), a behaviour never recorded for Rainbow Pittas. Rainfall is less 

seasonal in southern Thailand where Gurney's Pittas occur, possibly resulting in 

smaller fluctuations in food availability which might force males to feed females. 

Similarly, Taylor and Taylor (1995) recorded a male Noisy Pitta feeding a female 

near Brisbane, where rainfall is less seasonal than in the Top End (Anon. 1989), 

probably causing smaller fluctuations in food availability. By contrast, food for 

breeding Rainbow Pittas is very abundant during the short breeding season. 

About 92% of all bird species are apparently monogamous, most of these 

being sexually monomorphic and sharing parental duties (Lack 1968; Perrins & 

Birkhead 1983). The Rainbow Pitta follows this general pattern, both sexes sharing 

in nest building, incubating, and feeding the nestlings with similar frequencies; and 
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the species is sexually monomorphic and apparently monogamous. Many so-called 

"monogamous" species, however, have been shown to indulge frequently in 

copulations outside the pair bond (McKinney et al. 1983: Birkhead et al. 1987: 

Moller 1987a; Westneat 1987a,b). It is therefore also questionable whether Pittas 

adhere strictly to monogamy, and whether the male attending a brood is the true 

biological father of the offspring. Sharing of incubation duties by the Rainbow Pitta 

is consistent with observations for other species of this family, such as the Gurney's, 

Red-bellied and Noisy Pittas (Round & Treesucon 1986; Coates 1990; Taylor & 

Taylor 1995). 

Surprisingly, the incubation period of the Rainbow Pitta (14 days) is shorter 

than those of many smaller Australian insectivorous passerines with smaller eggs 

including the Eastern Yellow Robin Eopsaltria australis (16 days); Jacky Winter 

Microeca leucophaea (18 days), Golden Whistler Pachycephala pectoralis (15 days) 

and thornbills Acanthiza sp. (15 to 18 days), (Marchant 1980; Woinarski 1985). 

Grass-finches, like pittas, build domed nests and have incubation periods similar to 

pittas, despite being significantly smaller than pittas: 14 and 13 days for the Masked 

and Long-tailed Finches, respectively (Zann 1986), both common in the Top End of 

the Northern Territory. The advantage of a short incubation period is a reduced nest 

cycle, facilitating more nesting in a restricted season, and a reduced exposure of eggs 

to predators. However, differences in incubation period can be due to any of several 

factors causing interspecific variation in incubation periods, such as nest-structure, 

role of sexes in incubation, ambient temperatures, predation pressure and 

attentiveness at nest (Rahn & Ar 1974; O'Connor 1984; Snow 1958). The incubation 

period of the Noisy Pitta is 15 days (Parrish 1983; Hobcroft 1992) or 17 days (Taylor 

& Taylor 1995), significantly longer than the one of the Rainbow Pitta. The 

apparently longer incubation period of the Noisy Pitta may be related to the heavier 

eggs of this species, as incubation periods are positively correlated with egg weight 

(Rahn & Ar 1974). 

Incubation bouts of the Rainbow Pitta had a mean length of 87 mm. This is 

long compared to many passerines, including Australian temperate species: White-

fronted Chat Ephthianura albifrons, 10 mm; Varied Sittella Daphoenositta 
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chrysoptera, 22 mm; treecreepers (Climacteridae), 12 to 24 mm: Willy Wagtail 

Rhipidura leucophrys, 10 mm; and Rufous Whistler Pachycephala rufiventris. 21 

mm (Gilmore 1972; Noske 1982; Noske 1991; Goodey & Lill 1993; Bridges 1994). 

The relatively long incubation bouts and high degree of nest attentiveness of 

Rainbow Pittas may relate to the high predation rate on eggs at Fogg Dam (see 

chapter 9), where most breeding biology data were obtained. Skutch (1949) 

suggested reduction of trips to the nest as an adaptation to high predation pressure. 

8.4.4 Development of young 

Nestling periods of birds in the neo-tropics are about 10% longer than those of birds 

in the north temperate zone, reputedly due to slower growth of tropical birds caused 

by nutritional limitation (Ricklefs 1969a, 1974). The nestling period of the Rainbow 

Pitta was 14 days, which is similar to several Australian temperate passerines with 

cup or dome-shaped nests: Eastern Yellow Robin, 13 days; whistlers Pachycephala 

spp., 14 to 17 days; thornbiils Acanthiza spp., 10 to 11 days; and Willy Wagtail, 14 

days (Marchant 1980; Goodey & Liii 1993). Thus the Pitta does not exhibit the 

latitudinal decrease in length of nestling periods recorded from America. The 

relatively short nestling period of the Rainbow Pitta may be related to marked 

fluctuation in food availability, being atypical for humid tropical regions, but 

perhaps typical for dry (monsoonal) tropics. 

No growth rates of pitta nestlings have been published. Growth rates of the 

Rainbow Pitta can, however, be compared with those of antbirds (Formicariidae), 

ground-dwelling neo-tropical passerines, which being suboscines, are taxonomically 

close to pittas, as well as similar in ecology. The growth rate for the weight of 

Rainbow Pittas was 0.48 days' and for two species of antbirds 0.41 to 0.58 days'; 

the inflection point was 4.4 days for the Pitta and 3.4 to 5.7 days for antbirds; and the 

asymptotic weight was 50.2 g for the Pitta and 8.4 to 17.5 g for antbirds (data for 

antbirds from Oiniki & Ricklefs 1981). Both groups of birds show a similar growth, 

although the Rainbow Pitta is clearly larger than these species of antbirds. However, 

larger bird species tend to grow significantly more slowly than small ones (Ricklefs 

1968a). The lack of differences in growth of these two bird groups in spite of major 
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weight differences could he due to food availability. Data on antbirds were from 

Manaus (Brazil), which has minor seasonal variation in rainfall compared to the 

monsoonal tropics of the Top End. Assuming that food availability also fluctuates 

less in Brazil than in the Top End, antbird nestlings may need a long time to 

develop, and hence, have a relatively slower growth rate. 

Abundant food sometimes leads to an increased clutch-size (Ricklefs 1968b; 

O'Connor 1984), but normally has little effect on growth rates, although Harris 

(1978) and Hogstedt (1981) reported an increase in growth rate of Atlantic Common 

Puffins Fratercula arctica and Magpies Pica pica, respectively, with elevated food 

supply. The Rainbow Pitta nestling at Fogg Dam which survived predation of its 

nest, received an excess of food, resulting in above-average weight increase, but not 

accelerated growth of tarsus. This incident suggests that growth of some parts (like 

tarsus) is more strongly restricted by physiological constraints than others (like 

weight), as stated by Ricklefs (1968a, 1973, 1976). The heavier weight relative to 

tarsus length of nestlings at Fogg Dam than at East Point may, like differences in egg 

measurements, be attributable to the greater food availability at the former site 

(chapter 6). This spatial difference in prey availability seemed to have no effect on 

size of clutches, however, as this did not differ between the two sites. 

The relation between weight of fledglings and adults depend mainly on the 

time a species spends in flying, and on the security of nesting sites. Flight muscles 

take a long time to mature, so swifts and oceanic species, both highly specialised 

long-distance fliers, have relative long nestling periods, resulting often in above-

adult weights of fledglings. Several hole-nesting species show a similar weight ratio 

between adults and fledglings, which is likely facilitated by the safety of their 

nesting sites from predators (Ricklefs 1968a,b; O'Connor 1977). The weight of 

Rainbow Pitta fledglings was 21% below adult weight. This accords with the general 

pattern above, since this species flies relatively infrequently, and the predation rate 

on young is higher than for hole-nesting species; 19% of Rainbow Pitta nests in the 

monsoon-rainforest at Fogg Dam were successful compared to between 48% and 

74% for hole-nesting treecreepers (Cormobates & Climacteris spp.) in New South 

Wales (Noske 1991) (see chapter 9). 
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Growth rate data for north Australian birds are few. Fledglings of the Brown-

backed Honeyeater Ramsayornis modestus and Yellow-bellied Sunbird Nectarinia 

jugularis in north Queensland are closer in weight to adults (8% and 10% below, 

respectively; Maher 1986, 1991) than Rainbow Pittas (21% below) which is likely 

due to the minor importance of flying to the latter species, enabling it to leave the 

nest before its primaries are completely out of their sheaths. Length of primary and 

tail feathers of Rainbow Pitta fledglings were 35% and 63% below adult 

measurements, respectively. This is also consistent with the minor role of flying for 

this species. On the other hand, the tarsus lengths of fledglings and adults were 

similar, enabling young to forage effectively and to escape some predators 

immediately after leaving the nest. 

The only published record of a nestling period for pittas is 16 days for a pair 

of Hooded Pittas Pitta sordida in Papua New Guinea (Coates 1990), two days longer 

than for Rainbow Pittas. Length of nestling periods are positively correlated with 

size or trophic type of species (Welty 1982; O'Connor 1984), but the Rainbow Pitta 

and Hooded Pitta are similar in size and diet (see chapters 2, 7). Rainfall in Papua 

New Guinea is much less seasonal than in the Top End of the Northern Territory, 

however, presumably resulting in smaller fluctuations of food in the former region, 

which may favour an extended nestling period in the Hooded Pitta. 

Some species, like the Mourning Dove Zenaidura macroura or the Great 

Reed Warbler Acrocephalus arundinaceus, show extremely short intervals between 

broods and sometimes lay a new clutch in a second nest before the first brood 

fledges (Welty 1982). The mean period of initiation of new broods after successful 

fledging is around eight days for north temperate zone birds and around 26 days for 

neo-tropical birds (Ricklefs 1969a). This latitudinal difference in intervals between 

nestings has been related to extended periods of dependency of tropical young (50 to 

60 days after hatching) compared to temperate zone young (30 to 45 days) (Skutch 

1954, 1960; Ricklefs 1969a). 

Two pairs of Rainbow Pittas were found re-nesting three and five days after 

fledging of their young, and young of this species reached independence only 29 to 
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34 days after hatching. By contrast, insectivorous birds in Sarawak show a prolonged 

parental care of up to six months, which Fogden (197 1) attributed to low abundance 

of insects and the requirements of learning highly skilled feeding techniques. Again, 

the Rainbow Pitta apparently follows the pattern of temperate zone birds, which may 

be related to the marked fluctuation in food availability. High levels of food in more 

seasonal environments allow parents to spend less time on collecting food and more 

time on building a new nest, and supply females with enough energy to produce 

additional clutches at relatively short intervals. Early independence of Pittas is 

facilitated by the abundance of readily available prey, particularly earthworms, 

among the leaf litter at this time of the year. 

In summary it appears that the key factor in the breeding biology of the 

Rainbow Pitta is the relatively short flush of earthworms among leaf litter of 

monsoon-rairiforests, caused by the strong seasonality of rainfall in this region. 
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9.1 Introduction 

Reproductive failure in birds is mainly caused by predation on eggs or nestlings 

(Ricklefs 1970; Moors 1983; Martin 1988). Nest success is generally said to be 

lower in the tropics than in the temperate zones (Snow & Snow 1964; Skutch 1966; 

Ricklefs 1969b). Some studies in the tropics also suggest higher nest predation in 

rainforest than in open forest, and as in temperate zones, higher predation of open 

nests than of nests in holes (Skutch 1966; Ricklefs 1969a; Laurance et al. 1993). 

There are only a few studies in tropical zones to support these theories, however, 

most of which were conducted in Central America and northern South America 

(Skutch 1949; Ricklefs 1969b; Oniki 1979). 

In spite of the importance of predation in relation to nest success, predators 

are rarely identified. Signs left at the nests like fragments of shells or nestlings, or 

the damage to the nest, have traditionally been used to determine the identity of 

predators (Rowley 1965; Moors 1978; Westmoreland & Best 1985). Recently more 

sophisticated methods have been developed, such as automatic cameras triggered by 

infrared beams (Savidge & Seibert 1988; Major 199 Ia), yielding more reliable data 

on the relative importance of particular predators. 

Do Rainbow Pittas follow the general pattern of high predation in the tropical 

rainforests relative to temperate zones? This chapter examines the nest success of the 

species, and variation in nest success between habitats. How high are within-brood 

losses and can they be explained by predation, starvation or other causes? What are 

the major predators of Pitta nests? 

9.2 Methods 

9.2.1 Predation rates 

Predation on eggs and nestlings was studied mainly in the monsoon-rainforest and 

eucalypt forest at Fogg Dam. The number of eggs and young was recorded every one 

to five days depending on accessibility. Less accessible nests were watched for up to 
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two hours with Nikon x 9 binoculars, or a Kowa TS-601 x 25 telescope, and were 

inspected if observations failed to provide information about the breeding stage. 

They were climbed with a 2.4 rn aluminium ladder, or with climbing gear (see 

chapter 8). 

The following stages of breeding/ predation were distinguished: 

Building - No eggs in the nest. Pittas fly regularly with leaves or twigs to the nest, 

and stay there less than 5 mm. 

Egg laying and Incubation - At least one egg in the nest. Pittas fly with or without 

tiny nest material (for repair) to the nest, and stay there more than 5 mm. 

Nestling phase - Young in the nest. Adults fly regularly with food to the nest and 

stay there normally less than 5 mm. 

Fledging - Nest is empty. Newly fledged Pittas are fed by their parents in the 

breeding territory. 

Predation - Nest is empty or destroyed. Parents cease visiting the nest, and may start 

to build a new nest. No fledglings in their parental territory. 

Nests were observed daily when nestlings were about to leave. The young 

were checked within two days before or after fledging. It was relatively easy to find 

young Pittas in the first three days after fledging because they gave a distinct begging 

call (see chapter 5), and rarely changed their location. 

Nest success was calculated with the Mayfield method, which allows an 

adjustment for nests found at different times relative to laying (Mayfield 1975). This 

method is based on nest-days, representing 24 hour periods of nest exposure to 

predators between inspections. Predation rates were calculated by dividing the total 

losses by the total of nest days for all nests observed. Mean incubation (including 

egg laying) and nestling periods (17 days and 14 days, respectively; see chapter 8), 

were then used to calculate the probability of predation over these intervals. Partial 

losses were ignored according to the methods for calculating nest success proposed 

by Mayfield (1975). 

9.2.2 Identification of predators 

During the 1992/93, 1993/94 and 1994/95 breeding seasons, traces of predators were 

examined at 33 out of 35 predated nests, the two exceptions being situated high in 
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the forest canopy, and therefore inaccessible. The leaf litter around trees with 

predated nests was searched for remnants of eggs or nestlings. 

At Fogg Dam and East Point, the identity of nest predators was investigated 

by means of radiotelemetry during the 1994/95 breeding season. Three two-stage and 

nine single-stage radio transmitters (150 MHz) from Titley Electronics were 

incorporated into eggs of Japanese Quails Coturnix japonica, which were slightly 

larger than eggs of Pittas (length = 30 mm vs. 25.9 mm). Both kinds of eggs showed 

a similar colour pattern. Quail eggs were provided by the "NT. Quail & Mango 

Farm" at Humpty Doo. The antenna of each transmitter was coiled around the 

transmitter and fixed with cotton thread. One transmitter each was put in a quail egg, 

which was cut in half by a scalpel. The space between the radio transmitter and the 

eggshell was filled with silicon to make the transmitter odourless and waterproof. 

One dummy egg (containing transmitter) and one fresh quail egg were placed 

in each predated Pitta nest within two weeks of predation. Quail eggs were replaced 

every five days with fresh ones. Nests and eggs were handled with rubber gloves to 

ensure that human odours did not affect predation. Four abandoned nests from Fogg 

Dam were translocated to East Point and placed at typical nest sites of Rainbow 

Pittas because insufficient nests were found at the latter site. Distances between nests 

with dummy eggs were always greater than 100 m. 

Activated transmitters in dummy eggs were checked daily with a receiver to 

ensure that they were emitting signals. Predated dummy eggs were located using a 

Telonics TR-2 receiver and a Telonics RA-2A two-element antenna. The expected 

battery life of both single-stage and two-stage transmitters was 3-4 weeks. Most 

transmitters stopped working, however, within less than 2 weeks of activation, 

probably due to poor quality manufacturing. In two instances signals of transmitters 

translocated by predators could not be received within a radius of 300 m of their 

location on the previous day, probably due to a failure to emit signals. On one 

occasion the receiver malfunctioned probably due to the high humidity experienced 

at the time of observation. 
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Pieces of shed reptile skin, which were found in predated nests, were 

identified by T. Madsen of the University of Sydney and P. Homer of the Northern 

Territory Museum of Arts and Sciences. In order to identify the predator species 

leaving teeth-marks on dummy eggs, the distal tips of incisors of rodents were 

pressed gently against plasticine, to make impressions about 1 mm deep. Distances 

between the outer edge of these impressions were measured and compared with 

marks on predated dummy eggs. 

9.2.3 Statistical analysis 

Data were stored on "Microsoft Excel" and examined with "Statistica for Windows" 

(release 4.5; Stat Soft, Tulsa, USA). All analyses were conducted with Chi-square 

tests, using Fisher exact probability test, if an expected frequency was below 5. 

Variations in predation rates were examined using the number of nest-days with 

losses versus nest-days without losses. 

9.3 Results 

9.3.1 Predation rates 

Loss of all eggs and/ or nestlings of the Rainbow Pitta was recorded 33 times at 

Fogg Dam in 190 days of inspection, twice at East Point in 45 days and never at 

Holmes Jungle in 20 days. Each of these events are unlikely to have any cause other 

than predation. 

At Fogg Dam, nearly three quarters (74 %)' of the 66 nests were predated 

(Table 9.1). Losses during incubation (with eggs) were similar to losses during the 

nestling period, whether in the mon soon-rain forest & = 0.4, df= 1, nd = 608, p> 

0.05; where fld = total of days each nest was observed), eucalypt-forest (x2 = 2.9, df= 

1, nd = 255, p > 0.05), or both habitats combined (x2 = 1.3, df= 1, nj = 863, p> 

0.05). Predation on eggs was significantly higher in the monsoon-rainforest than in 

the eucalypt forest (x2 = 4.8, df= 1, n j  = 436, p < 0.05). Predation on nestlings, and 

Predation rates were calculated by the Mayfield method. 
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on eggs and nestlings combined, was slightly but not significantly higher in the 

former habitat (x2 = 0.2. df= 1, Ild = 347, p> 0.05: and x2 = 3.2, df= 1, nd = 783. p> 

0.05, respectively). In terms of the average number of fledglings produced per nest, 

nest success was not significantly different between the monsoon-rainforest (0.41) 

and the eucalypt forest (0.54) (x2 = 0.6, df= 1, n = 40, p  >0.05) (Fig. 9.1). Based on 

predation of dummy eggs in natural nests, relative predation intensities during 

incubation were similar between the monsoon-rairiforests at Fogg Dam and East 

Point (56% and 48%, respectively; Fisher exact probability test, df= 1, n j = 101, p > 

0.05). Predation rates in the monsoon-rainforest at Fogg Dam decreased significantly 

with height of nest sites ()C2 = 22.8, df= 2, nd  = 420, p  <0.001). 

Nest success of four pairs of Pittas in the monsoon-rainforest at Fogg Dam 

was studied intensively during the 1993/94 breeding season, to examine variation 

both between and within pairs. Two pairs nested twice, producing four fledglings (0, 

4) and five fledglings (3, 2), respectively. One pair attempted, but failed, to breed 

three times, and another pair tried to breed three times after their initial success (2, 0, 

0 and 0 fledglings). The pair with no fledglings had at least one successful brood in 

the previous season. The mean number of fledglings produced by these four pairs 

during the 1993/94 breeding season was 2.8 (s.d. = ± 2.2). In two out of nine 

successful nests at Fogg Dam, which had been inspected since the incubation period, 

one or more of the hatchlings did not fledge. As signs of starvation were never 

observed on nestlings, these instances apparently represented partial predation of a 

brood. 

Table 9.1 Number of Rainbow Pitta nests predated at Fogg Dam and predation rates (%)1 

during the 1992/93, 1993/94 and 1994/95 breeding seasons. 

Habitat Nests with eggs Nests with young Nests combined 

monsoon-rainforest 16 60% 11 52% 27 81% 

eucalypt forest 1 12% 5 44% 6 52% 

habitats combined 17 49% 16 49% 33 74% 

Predation rates were calculated by the Mayfield method. 
Underlined values are significantly different between these two habitats. 
Partial predation was not considered for this table. 
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Figure 9.1 Comparison between number of fledglings per nest in two types of habitats at 

Fogg Dam during the 1993/94 and 1994/95 breeding seasons. 

Nests with mammal faeces or feathers at their entrances (see chapter 8) were 

more often found in the eucalypt forest than in the monsoon-rainforest at Fogg Dam 

(92% vs. 29% of nests; X2 = 14.9, df= 1, n = 47, p  <0.001). Such nests, however, 

were predated with similar rates as nests without these decorations (68% cf. 78%, x2  
= 0.5, df= 1, fld =608,p>°•°5 ). 

9.3.2 Signs of predation 

Nearly two-thirds (61 %) of the 31 predated nests at Fogg Dam were completely 

intact and showed no remnants of eggs or nestlings (Table 9.2). In one of these nests 

a piece of shed skin from a colubrid snake was found. Signs of predation of nests 

were equally frequent in incubation and nestling stages, and in both habitat types 

(Table 9.2). All seven destroyed nests had a collapsed roof and a widened entrance, 

and one was lying on the ground under the tree in which it had been built. Remnants 

of eggshell were detected near three nests, while the remaining five showed the 

following signs of predation: eggshell remnants inside the nest (I); nest surroundings 

scattered with feathers of young which had been pulled out (1); a piece of shed skin 

from Varanus panoptes inside a destroyed nest (1); a metal band (75029) of a 
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nestling 50 m away from the nest where this bird had been banded (I); and a dead 9- 

day old nestling with a wound on its rump near its nest. A butcherbird (Cracticus sp.) 

was seen in the vicinity of the latter nest the same day. 

No signs of predators were found after partial losses of the clutch or brood (11 

= 10). In a case of partial predation in the eucalypt forest at Fogg Dam, one nestling 

disappeared one day after hatching, and another, the next day. The third nestling 

remained and fledged successfully at the age of 14 or 15 days post-hatching. 

Of the two predated nests at East Point both were intact. The leg (with metal 

band 75093) of a nestling was found near one of these nests. Another nestling from 

this nest was found alive 100 m away from the nest site, but was unable to fly, 

having left the nest at least two days earlier than normal, probably to escape a 

predator. 

In the monsoon-rainforest at Fogg Dam, two out of the seven experimental 

nests with dummy radiotelemetred eggs were predated. In one nest, both the dummy 

egg and the quail egg were predated within 6 days of the start of the experiment. 

They were replaced by another pair of eggs the next day, and the latter were also 

predated 6 days later. The dummy egg of this nest was, on both occasions, removed 

Table 9.2 Frequencies of intact versus destroyed nests and presence versus absence of 

remnants from eggs and young after nest predation at Fogg Dam. 

Habitat Breeding Intact Intact Destroyed Destroyed 

stages without with without with 

remnants remnants remnants remnants 

monsoon- incubation'/ 

rainforest nestling phase 8/ 7 2/ 1 3/ 1 2/ 1 

eucalypt incubation'/ 

forest nestling phase 1/3 0/1 0/0 0/1 

total 19 4 4 4 

Incubation phase includes stage of egg laying with at least one egg in nest. 

Only nests in which all eggs or young were predated were considered. 
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by the predator to a site under a paperbark tree Melaleuca sp. (50 cm diameter), 10 m 

from the nest, where it was inaccessible. This site possessed many holes around the 

roots. In the second instance, I visited the area on the following day, and received a 

transmitter signal, at least 10 m high in a tree, 20 m away from the former site. 

Signals from the radio transmitter inside the dummy egg of another 

experimental clutch at Fogg Dam were received 5 m NW of the nest at 8:00 the 

morning after predation. The receiver malfunctioned before the exact location could 

be determined, but on the following day the transmitter was found regurgitated 3 m 

E of the nest, indicating that the predator had moved during the second night. The 

two nests were intact after each of these three predation incidents, and no remnants 

of the quail eggs were found. 

Two out of seven experimental clutches at East Point were predated. Both 

nests had been translocated from Fogg Dam, and placed 200 m apart. After 

pre 4ion, the roofs of both nests had collapsed and the entrances widened. 

F tnts of the fresh quail eggs were found near both nests. The dummy egg from 

first nest was found 1 m from the nest; and the dummy egg of the second nest 

was found on the roof of the nest. Pieces of eggshell from both dummy eggs had 

been torn off. In both cases, impressions of a pair of teeth (one on the first egg, and 

two on the second) were found on the outer shell membrane and on the underlying 

silicon substance, in which the transmitter was embedded (Figure 9.2). The teeth-

marks were consistent with the dentition of a rodent. Comparison of incisor-pair-

width of rodents recorded in the Darwin area (Parker 1973) strongly suggest that 

they were those of a Black-footed Tree-rat Mesembriomys gouldii (Table 9.3). The 

widths of the teeth-marks were clearly greater than the maximum incisor-pair-widths 

of the Water-rat Hydromys chrysogaster, the Pale Field-rat Rattus tunneyi and the 

Dusky Rat Rattus colletti. 
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Figure 9.2 Predator teeth-marks found on the outer shell membrane and underlying silicon 
substance of dummy eggs, showing distance measured between outer edge of incisor 
impressions. Left, dummy egg from the first predated nest at East Point (4 February 1995); 
right, from the second predated nest (6 February 1995). 

Table 9.3 Distance (mm) between marks of outer edge of distal tip of incisors from rodent 

skulls1 . 

Rodent species Distance of upper incisors Distance of lower incisors 

(n) mean s.d. max. mean s.d. 

Black-footedTree-rat (6) 4.4 ±0.3 5.1 3.5 ±0.3 

Water-rat (5) 3.1 ±0.4 3.6 2.6 ±0.2 

PaleField-rat (14) 2.7 ±0.6 3.7 2.4 ±0.7 

Dusky Rat (10) 2.6 ± 0.1 2.8 2.5 ± 0.1 

marks on dummy eggs: individual 
------------------------------------------------------ 

values = 4.9 mm, 4.5 mm 

'All skulls were provided by the Northern Territory Museum of Arts and Sciences in Darwin and had 
been collected mainly in the Top End of the Northern Territory. 
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9.4 Discussion 

9.4.1 Signs of predation 

Three of the four nests (including experimental nests) predated at East Point showed 

traces of predators, while 61 % of predated nests at Fogg Dam were completely intact 

without signs of eggs or nestlings. These data suggest different dominant nest 

predators at the two sites. The high incidence of intact nests without remnants of 

eggs or nestlings at Fogg Dam indicates that snakes are the main predators of Pitta 

nests, because, unlike other reptiles, mammals or birds, snakes swallow food items 

whole and do not damage nests, and therefore leave no eggshells, remnants of young 

or other traces (Shine 1991). In fact shed skin from a colubrid snake was found at the 

entrance to a recently predated intact nest at Fogg Dam. 

The circumstances of the predated radiotelemetred eggs at Fogg Dam, one of 

which was moved by the predator up a tree, were also consistent with snake 

predation, as there was no trace of eggshells. Of the snakes common at Fogg Dam, 

the Slaty-grey Snake Stegonotus cucullatus and the Water Python Liasis fuscus 

(pers. obs.; T. Madsen, pers. comm.) normally forage on the ground (Cogger 1992; 

Shine 1991), and are therefore unlikely to predate Rainbow Pitta nests, which are 

usually built in trees (see chapter 8). Locally common arboreal snakes include the 

Common Tree-snake Dendrelaphis punctulatus and larger Brown Tree-snake Boiga 

irregularis (T. Madsen, pers. comm.), of which only the latter is known to feed on 

both eggs and young of birds (Cogger 1992), and thus likely to be a predator of Pitta 

nests. The substantial effect on breeding success of birds by the Brown Tree-snake is 

well documented for the Island of Guam, where the introduction of this snake has 

led to a decreased breeding success and even extinction of a number of bird species 

(Fritts et al. 1992; Rodda et al. 1992; Alberto 1994). 

At East Point, nest predators were never positively identified, but teeth-

marks on dummy eggs indicated that two nests were predated by Black-footed Tree-

rats. This herbivorous mammal is known to feed on flowers, fruits and large seeds 

(Calaby 1983; Friend 1987), but no detailed study on the diet of this species has been 
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conducted (Friend & Taylor 1985). Omnivory is suggested by fragments of 

arthropods and mollusc shells recorded in samples of stomach contents of Black-

footed Tree-rats (Calaby 1983). Indeed, the similar sized White-tailed Rat Uromys 

caudirnaculatus appears to be a key predator of broods of ground-nesting birds in 

northern Queensland (Laurance & Grant 1994). 

Shed skin from Varanus panoptes found at the entrance to a recently predated 

nest, and the observation of a butcherbird near a nest with a dead Pitta nestling 

nearby suggest that these predatory vertebrates may also cause nest losses to Pittas. 

Another potential predator is the Blue-winged Kookaburra Dacelo leachii, a 

common species at Fogg Dam (pers. obs.), which has been reported to predate Red-

bellied Pitta nests on Cape York (H. Daburger, pers. comm.). 

Although the telemetred dummy eggs were only moderately successful in my 

study, this method is useful to identify predators, such as snakes, which swallow 

their prey items whole. However, because of a bias towards animals swallowing 

whole eggs or leaving clear marks on eggs, this method has limited use in 

determining the relative importance of different predator species. 

In summary the main predators on Rainbow Pitta nests at Fogg Dam are 

probably arboreal snakes, while at East Point, the Black-footed Tree-rat was 

apparently an important predator. Such differences may be expected due to spatial 

variation in composition and abundance of predatory species caused by marked 

differences in floristics and physiognomy of the two sites (see chapter 1). 

9.4.2 Predation in tropics 

Nest success is said to be higher in temperate zones than in the tropics, and there is a 

similar trend from arid to humid regions within the tropics (Snow & Snow 1964; 

Skutch 1966; Ricklefs 1969b). Losses of cup-shaped nests are higher than those of 

domed nests or nests in cavities (Skutch 1966; Oniki 1979). Less than one quarter 

(23%) of open and domed nests of 30 species in humid neo-tropical forests were 

successful (Skutch 1966), while in temperate North America 46% of nests (29 
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studies) yielded fledglings (Ricklefs 1969a). Nest success of 11 small altricial bird 

species in arid tropical Ecuador ranged from 37% to 65%, with a mean of 52% 

(Marchant 1960). All these studies overestimated nest-success according to the 

Mayfield method, which allows an adjustment to nests found at different times 

relative to laying (Mayfield 1975; Hensler & Nichols 1981). Ignoring the Mayfield 

method, 40% of Rainbow Pitta nests in the monsoon-rainforest at Fogg Dam and 

57% of nests in the adjacent eucalypt forest were successful. Thus unstandardised 

success rates of this species are similar to those of the arid tropical and temperate 

zone species studied. 

The usual explanation for the high predation rates of the humid tropics is the 

great variety of nest predators, such as snakes, predatory birds and primates, in this 

zone (Skutch 1966; Ricklefs 1969a,b). Predation rates of Rainbow Pitta nests were 

lower than those of nests in humid neotropical forests, which could be due to the 

absence of nest-robbing bird and mammal species (such as toucans and primates) in 

Australia. With the Mayfield method standardised predation rates of Pitta nests were 

81% in the monsoon-rainforest and 52% in the eucalypt forest. In reality, predation 

rates are slightly higher, because partial predation was excluded from this analysis. 

The lower predation rate of Rainbow Pitta eggs in eucalypt forest than in 

monsoon-rainforest seems to be consistent with generally higher success in 

secondary forest or forest with sparse vegetative cover than rainforest (Snow & 

Snow 1963; Skutch 1966; Laurance et al. 1993), since the eucalypt forest at Fogg 

Dam shows similar characteristics to secondary forest, and has a clearly lower 

foliage cover than the adjacent monsoon-rainforest (pers. obs.). Variation in nest 

success between primary rainforest and secondary forest has been explained by the 

higher abundance of predators in the former (Snow & Snow 1963). Martin and 

Freeland (1988) recorded more frog and reptile species in the monsoon-rainforest at 

Fogg Dam than in Syzygium! Barringtonia forest, Lophostemon forest and eucalypt 

forest combined, although the difference was due mainly to numbers of frog species. 

Unfortunately, the authors recorded few snakes, so that comparisons of abundance of 

these potential avian predators between the two habitats are purely speculative. The 
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lack of significant differences between predation rates of nestlings from monsoon-

rainforests and eucalypt forests may be due to the relatively small sample size. 

The significant decrease of predation rate with increased height of Rainbow 

Pitta nest sites can be explained by the greater number of predators that can reach 

nests on, or close to the ground. Ground-nests are easily accessible to Water Pythons 

for example, which predominantly forage on the ground (Cogger 1992), as well as 

feral Pigs. Higher predation on ground-nests than on nests built in trees has been 

recorded for a number of bird species (Sherrod ch 1977; Collias & Collias 1984). 

Bird nests in the tropics are far more elaborate than those of the temperate 

zone, presumably an adaptation to higher predator pressures. Pittas build domed 

nests, which are common nest types in the tropics (Ricklefs 1969a). The placing of 

mammal faeces at nest entrances by Rainbow Pittas may also be an anti-predator 

adaptation, providing a kind of odour camouflage, which may prevent predators 

from smelling eggs or nestlings. Although predation rates on nests with or without 

these decorations were not significantly different, this may have been due to the 

small sample size. Wallaby faeces were common in the study areas and therefore did 

not allow predators to associate wallaby scats with Pitta nests. Decoration of nests 

with mammal dung has also been recorded in Noisy Pittas (Bruce 1986). Nest 

protection by odours has been recorded in nuthatches. American White-breasted 

Nuthatches Sitta carolinensis sweep the bark surrounding their nest holes while 

holding beetles which excrete oily fluids that may repel hole competitors like 

squirrels (Kilham 1971). Nest decorating by Pittas was more common in the 

eucalypt forest than in the monsoon-rainforest, possibly because of the higher 

abundance of wallabies and thus scats in eucalypt forest (pers. obs.). Further research 

could investigate the action of wallaby faeces on predators with simple experiments. 

Skutch (1949) cited reduction in the number of feeding trips to the nest and 

secretive behaviour near the nest as further adaptations to the high predation pressure 

in humid neo-tropical forests, because frequent visits and conspicuous behaviour at 

the nest presumably attract the attention of predators. This hypothesis has not been 

properly tested (Ricklefs 1969b). The frequency of feeding visits at Pitta nests (see 
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chapter 8) cannot meaningfully be compared with other species due to obvious 

interspecific and intraspecific variation due to differences in habitat, predation 

pressure, food availability and quality, territory size, occurrence of helpers, and 

parental duties of the sexes (Welty 1982). Frequency values for Australian temperate 

passerines vary from 2 feedings h' for Rufous Whistlers Pachycephala rufiventris, 

7.2 feedings h 1  for White-fronted Chats Ephthianura albifrons, 8.7 feedings h' for 

White-throated Treecreepers Cormobates leucophaea, and 10 feedings h' for Willy 

Wagtails Rhipidura leucophrys (Major 1991b; Noske 1991; Goodey & Lill 1993; 

Bridges 1994). Significant variation even occurs between pitta species in the same 

region: 7.3 feedings h 1  for Gurney's Pittas Pitta gurneyi, and 3.2 feedings h' for 

Giant Pittas P. caerulea, both in southern Thailand (Round & Treesucon 1986; 

Round et al. 1989). Nestling feeding frequency of Rainbow Pittas (6 feedings h' at 

Fogg Dam) may be above average for Australian tropical birds: Pheasant Couca1 

Centropus phasianinus, 2.2 to 3.6 feedings h', and Buff-breasted Paradise-

Kingfisher Tanysiptera sylvia, 1.6 feedings h', both in northern Queensland (Taplin 

& Beurteaux 1992; Andrews & Brickhill 1995). Moreover, frequencies at Fogg Dam 

may well differ from those at East Point, due to lower food availability, larger 

territories, and apparently different dominant predators at the latter site. 

One measure of the level of secrecy birds show near their nest is the 

minimum distance between observer and nest, that does not prevent the bird visiting 

the nest. While some Pittas did not visit their nest until I was further away than 50 

m, others ignored me at a distance of less than 20 m from the nest (pers. obs.), 

indicating substantial individual variation in the secrecy of this species. 
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10.1 Introduction 

Within the Top End of the Northern Territory the distribution of the Rainbow Pitta is 

confined to some offshore islands and coastal areas, to as far inland as Adelaide 

River, Deaf Adder Creek, Oenpelli and Annie Creek (90 km, 110 km, 60 km, 100 

km from the nearest coast, respectively; Hall 1974; Pizzey 1980; Robinson et al. 

1992). Woinarski (1991) observed this bird even further inland in the southernmost 

part of Kakadu National Park (150 km inland). Similar numbers of Rainbow Pittas 

were recorded in all six categories of monsoon-rainforests in Kakadu National Park 

(Woinarski 1993), classified by Russell-Smith (1986) on the basis of plant species 

composition and site characteristics. Abundance of Pittas was higher in large forest 

patches than in small ones. 

Perturbation of monsoon-rainforests by introduced Water Buffalo Bubalus 

bubalis and Feral Pigs Sus scrofa, weeds and fire have been discussed by a number 

of authors (Stocker 1966; Clayton-Greene & Beard 1985; Russell-Smith 1985; 

Russell-Smith & Dunlop 1987). However, there have been few studies on the effect 

of these parameters on wildlife. Braithwaite et al. (1984) has found that Rainbow 

Pittas were unaffected by the abundance of buffalo, but were disadvantaged by an 

increase in foliage height diversity, as a long-term result of buffalo activity. 

Woinarski (1993) found no correlation between Rainbow Pitta density and 

abundance of buffalo, pigs, weeds and fire in Kakadu National Park. Buffalo were 

reduced to low population densities at the beginning of this decade in association 

with the national bovine Brucellosis and Tuberculosis Eradication Campaign (Anon. 

1991). 

This part of the thesis addresses the following questions: 

What determines the limits of the distribution of the Rainbow Pitta in the Top 

End of the Northern Territory? 

In which floristic types of mon soon- rainforests (Russell-Smith 1991), does the 

species occur, and does it show any significant difference in abundance between 

these types? 
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Do environmental perturbations by feral animals, weeds and fire impact on Pitta 

populations? 

Do other environmental factors correlate with the abundance of this bird? 

Which bird species, frequenting monsoon-rainforests, are associated with the 

Pitta? 

10.2 Methods 

10.2.1 Transect counts 

During the dry seasons 1993 and 1994, 48 monsoon-rainforests were visited, all 

situated in the western half of the Top End of the Northern Territory (Table 10.1). At 

each site one variable-strip transect census was conducted, starting at sunrise. 

Rainbow Pittas were recorded while walking along the longitudinal axis of the 

monsoon-rainforest till the end of the patch was reached, but for no longer than one 

hour. Lateral distances between calling birds and the centre line were estimated to 

the nearest 5 m. These distances were then subdivided into 10 m bands from the 

centre line (viz 10 m, 20 m, 30 m, etc.) as per the variable-strip transect method 

(Emlen 1971, 1977). The band with the highest cumulative density (birds per 

hectare) from the centre line, was used to estimate the abundance. Pitta calls were 

played every 15 min with a cassette tape recorder and a speaker, to improve the rate 

of detection. The lengths of the transects were estimated with the time spent for 

transversing the monsoon-rainforest, by comparison with transect counts (n = 144) at 

the major sites, where a mean distance of 1360 m was covered per hour. 

During censuses, I noted the number of Orange-footed Scrubfowls seen. In 

addition, the presence/ absence of the following bird species, typical of monsoon-

rainforests, were recorded for each patch: Emerald Dove Chalcophaps indica, Rose-

crowned Fruit-dove Ptilinopus regina, Banded Fruit-dove P. cinctus, Torresian 

Imperial-Pigeon Ducula spilorrhoa, Common Koel Eudynamis scolopacea, Large-

tailed Nightjar Caprimulgus macrurus, Varied Triller Lalage leucomela, Grey 

Whistler Pachycephala simplex, Little Shrike-thrush Colluricincla megarhyncha, 

Shining Flycatcher Myiagra alecto, Rufous Fantail Rhipidura rufifrons, Northern 
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Fantail R. rufiventris, White-gaped Honeyeater Meliphaga unicolor. White-lined 

Honeyeater M. albilineata, Dusky Honeyeater Myzomela obscura, Yellow Oriole 

Oriolus flavocinctus, Spangled Drongo Dicrurus bracteatus and Great Bowerbird 

Chiamydera nuchalis. 

10.2.2 Floristic classification 

This survey was based on the floristic classification of Russell-Smith (1991). He 

divided monsoon-rainforests of the Top End of the Northern Territory into 16 types, 

of which only those visited in the present study are listed: 

Types 1-2: wet/basic; includes (2) = lowland springs predominantly in the north- 

west (16 sites visited). 

Types 3-7: wet! acidic; includes (4) = sandstone footsiopes, predominantly on the 

mainland (n = 2), (6) = lowland springs on sandplains (n = 1), (7) = springs 

and seeps in sandstone terrain (n = 6). 

Types 8-10: dry! coastal-subcoastal; (8) = seasonally dry substrate in sandstone 

terrain (n = 6), (9) = coastal and subcoastal landforms (n = 13), (10) = 

seasonally flooded river systems (n = 2). 

Types 11-16: dry! inland; (15) = vine thickets of the south-western hinterland (n = 

2). 
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Table 10.1 Sites of monsoon-rainforests visited and their floristic classification (types 1.2 = 

vet! basic. 3-7 = wetl acidic. 8-10 = dry!coastal-subcoastal. 11-1 6 = dry! inland). 

Site Latitude Longitude Type 
Fright Point (Gunn Point) 12°  09'S 131 ° 02'E 9 
Point Stephens (Gunn Point) 12 0  09'S 131 °  09'E 9 
Ginger Palmers (Gunn Point) 12 0  10'S 131 0  04'E 2 
south-west of Fright Point (Gunn Point) 12 0  10'S 1310 01'E 9 
West Alligator River Head 12 0  il'S 1320 16'E 2 
West Alligator River Head 12 0  11'S 132 °  15'E 9 
West Alligator River Head 12 0  ITS 132 0  12'E 2 
West Alligator River Head 12 0  ITS 131 0  54'E 2 
West Alligator River Head 12°  12'S 132°  12'E 9 
west of Gunn Point Prison Reserve 12 0  14'S 1310 02'E 9 
Lee Point 12 0  20'S 130 0  54'E 9 
Leanyer 12 0 21'S 130 0 54'E 2 
Casuarina Coastal Reserve 12 0  22'S 130 0  52'E 9 
MelaccaCreek 12 0 23'S 131 0 12'E 2 
Holmes Jungle Nature Park 12 0  24'S 130 0  55'E 2 
East Point Reserve 12 0  24'S 130 0  49'E 9 
Mangarre 12 0 25'S 132 0 58'E 10 
south-west of Koolpinyah 120 26'S 131 ° 08'E 2 
south of Bankers Jungle 12 0  26'S 131 0  11'E 2 
RockHoles 12° 27'S 132 0 58'E 10 
Esplanade, Darwin 12 0  28'S 130 0  50'E 8 
Howard River 120  29'S 131 ° 05'E 2 
Fogg Dam Conservation Reserve 12 0  33'S 131 0  18'E 2 
Black Jungle 12 0 33'S 131 0  13'E 2 
Black Jungle 120 33'S 131 0 14'E 2 

JimmyCreek 12°35'S 131 0 45'E 2 

BrianCreek 120 40'S 1320 47'E 2 

Kakadu Holiday Village 120  40'S 1320  29'E 9 

Gungarre, Kakadu Holiday Village 12 0  41'S 1320  29'E 9 
Baroalba Springs (Gubarra) 12 0  48'S 132 0  55'E 8 
DundeeBeach 12° 48'S 130 0 21'E 9 
Baroalba Springs (Gubarra) 12 0  49'S 132°  54'E 8 
Baroalba Springs (Gubarra) 12 0  50'S 132 0  53'E 7 
Mount Brockman 12 0  50'S 132°  53'E 7 
Mount Brockman 12 0 50'S 132 0 55'E 8 
Mount Brockman 12°  SO'S 1320 53'E 8 

Mount Bundey 120 52'S 131 0 37'E 9 

east of Batchelor 13 0  DI'S 131 0 06'E 2 

Petherick's Rainforest 13 0  06'S 1300  39'E 4 

WangiFalls 13 0 10'S 1300 37'E 4 

JimiimFalls 13 0 16'S 1320 50'E 7 

Ankarrkarrkarrmi 13 0 18'S 1320 50'E 8 

Barramundie Gorge (Maguk) 13 0  19'S 133 0  26'E 7 

RobinFalls 13 0 21'S 131 0 08'E 7 

Bukbukluk 13 0 29'S 1320 15'E 6 

Ykoymarrwa 13 0 35'S 1320 16'E 7 

north-west of Katherine 140  25'S 1320  13'E 15 

north-west of Katherine 14°  27'S 1320  14'E 15 



160 

10.2.3 Assessment of environmental variables 

Flouistic i-'pe of forests - Monsoon-rainforests were classified in the field according 

to the criteria of Russell-Smith (1991), and by consulting the data base at the 

Conservation Commission of the Northern Territory of sites visited by Russell-

Smith. 

Disturbance of forests - Impact of pigs and buffalo combined, and of fire 

were both estimated on a scale from I (absent or not evident) to 4 (widespread and 

severe). The percentage of the ground covered by weeds was evaluated to the nearest 

10% in five haphazardly chosen 5 m x 5 m quadrats at the boundary of each forest. 

Most monsoon-rainforests showed a distinct boundary to adjacent habitat types. In 

less obvious cases, the boundary was defined as the area with 50% monsoon-

rainforest tree species, and 50% of trees typical for other habitats like eucalypt 

woodland or paperbark forest. 

Other variables - The area for small patches was evaluated in the field, and 

for larger ones estimations of Russell-Smith, based on aerial photographs, were 

used. I recorded whether a creek was present or absent in each forest. The foliage 

cover was assessed at eight haphazardly chosen places in the interior of each patch to 

the nearest 10%. Abundance of leaves on the forest floor was estimated by the 

number of leaves pierced with a needle. This procedure was carried out haphazardly 

ten times in the interior of each forest. For each site, the latitude, longitude and 

distance to the coast was measured from maps. Data about the level of substrate 

inundation, estimated on a scale from 0 (absent) to 2 (perennial wet/ inundated), 

depth of organic soil (cm), and pH of topsoil were provided by Russell-Smith 

(1991). These values were analysed for 35 sites, which had been visited during both 

Russell-Smith's and my study. 

10.2.4 Statistical analysis 

Data were stored on "Microsoft Excel" and analysed with "Statistica for Windows" 

(release 4.5; Stat Soft, Tulsa, USA). Student's t-test was used to compare the 

abundance of Pittas between type (8) and (9) forests. Differences in abundance of 
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this bird, and of weeds. between wet! basic (types 1-2), wet/ acidic (types 3-7) and 

dry! coastal-subcoastal (types 8-10) forests were investigated with one-way Analyses 

of Variance (ANOVA), with frequencies log-transformed where appropriate. Post 

hoc comparisons were made with LSD tests. Abundance and variance of the 

Rainbow Pitta and of Feral Pigs were compared between wet forests (types 1-7) and 

dry forests (types 8-16) using Mann-Whitney U-tests and F-tests. 

A Linear Multiple Regression Analysis was used to analyse the interaction 

between abundance of Pittas and pigs, fire, weeds, and other environmental factors. 

The relationship between abundance of Pittas and that of Scrubfowls, measured in 

individuals per hectare and number of birds seen per hour, respectively, was 

analysed with a Pearson Correlation. The same test was used to analyse the 

interaction between Pittas and weeds in different types of forests. Accordance in 

occurrence between the Rainbow Pitta and other monsoon-rainforest birds was 

tested with Cluster Analysis (single linkage), by using data of all these species of 

presence/ absence for each site. 

10.3 Results 

10.3.1 Distribution and abundance 

The Rainbow Pitta was registered in 33 out of 48 monsoon-rainforests visited. The 

most inland record was at Bukbukluk in the southernmost part of Kakadu National 

Park, 150 km from the coast. The species was noted in all types of monsoon-

rainforests sampled, except type 15 (dry! inland). 

The mean density for Rainbow Pittas in patches, where it occurred was 0.40 

birds ha' (s.d. ± 0.51). The species showed a higher variation in abundance and was 

more common in wet (types 1-7; X = 0.45 birds ha', s.d. ± 0.58) than in dry (types 

8 - 16; X = 0.08 birds ha', s.d. ± 0.10) monsoon-rainforests (F = 9.2, n = 48, p < 

0.01; Mann-Whitney U = 149.0, n = 48, p < 0.01). Pittas showed a significant 

variation in abundance between wet! basic (types 1,2), wet! acidic (types 3-7) and 

dry! coastal-subcoastal (types 8-10) forests (ANOVA, F = 11.0, n = 46, p < 0.001). 
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The abundance in wetl basic forests was significantly higher than in wet/ acidic and 

in dry/ coastal -subcoastal ones (LSD test, both p < 0.01), and was similar between 

the latter two types of forests (LSD test, p > 0.05) (Fig. 10.1). Wet/ basic forests 

visited were characterised by tree species like Syzygium nervosum, Carpentaria 

acuminata and Livistona benthamii, and had a canopy height of about 20 m. Typical 

tree species of well acidic forests were Calophyllum sil, Allosyncarpia ternata and 

Canarium australianum, and the canopy height was similar to the former group. 

Strychnos lucida, Drypetes lasiogyna and Allosyncarpia ternata were common in 

dry/ coastal forests, which had a canopy height of about 10 m. 

Comparison between individual types of forests, which I visited most often, 

shows that the abundance of Pittas in dry sandstone monsoon-rainforests (type 8; X 

= 0.10 birds ha') was similar to that in dry/ coastal -subcoastal forests (type 9; X = 

0.08 birds ha1) (Student's t-test, t = 0.33, df= 17, p > 0.05). 

The species most similar to the Rainbow Pitta in occurrence of sites visited, 

was the Orange-footed Scrubfowl (Fig. 10.2), although these two species showed no 

correlation in abundance (Rp = 0.04, n = 48, p > 0.05). The Pitta showed a great 

linkage distance to other birds, compared to the relatively close association among 

most groups of species. 
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Figure 10.1 Comparison of abundance of Rainbow Pittas between three floristic groups of 

monsoon-rainforests. 
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Figure 10.2 Cluster Analysis for classification of bird species based on their presence/ 

absence in 48 monsoon-rainforests, visited during the dry seasons 1993 and 1994. 

EM_DO = Emerald Dove, BA_DO = Banded Fruit-dove, WL_HE = White-lined Honeyeater, 

R_FAN = Rufous Fantail, DU_HE = Dusky Honeyeater, WG_HE = White-gaped Honeyeater, 

BOWER = Great Bowerbird, T_PIG = Torresian Imperial-Pigeon, KOEL = Common Koel, S_TRU = 

Little Shrike-thrush, RO_DO = Rose-crowned Fruit-dove, N_JAR = Large-tailed Nightjar, S_FLY = 

Shining Flycatcher, Y_ORI = Yellow Oriole, N_FAN = Northern Fantail, WHIST = Grey Whistler, 

TRILL = Varied Triller, PITTA = Rainbow Pitta, FOWL = Orange-footed Scrubfowl, DRONG 

Spangled Drongo. 

10.3.2 Habitat requirements and impact of forest disturbance 

The influence of environmental factors, other than forest type, on the abundance of 

Rainbow Pittas was estimated by a Linear Multiple Regression Analysis with the 

equation' 

y = 0.93A - O.05B +0.41C+O.1OD - 0.15E- 0.04F - 0.13G - O.61H+ 0.451 

+O.81K+O.39L-O.67M-O.39N (10.1) 

where y = abundance of Rainbow Pittas, 

A = distance between forest patch and coast, 

Frequencies were log transformed where appropriate. 
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B = area of forest patch. 

C = density of weeds at forest fringe, 

D = amount of leaf litter inside forest. 

E=fire intensity. 

F = impact by pigs, 

G = foliage cover, 

H = substrate inundation, 

I = pH of topsoil, 

K = depth of organic soil, 

L = presence/ absence of creek, 

M = latitude of site, 

N longitude of site. 

Pitta abundance was significantly correlated with environmental factors 

recorded in the 48 forests visited (R 2  = 0.89, p < 0.05). The following factors showed 

a significant partial correlation with Pitta abundance (all p < 0.05): weed density (R 

= 0.66), substrate inundation (R = -0.67), pH of topsoil (R = 0.68) and depth of 

organic soil (R = 0.83). 

Weeds were recorded at the fringe of 33 out of the 48 forests 

investigated. There was no significant variation in density of weeds between the 

three main groups of forests visited (types 2, 4-7, 8-10; ANOVA, F = 2.3, n = 46, p 

> 0.05), although relatively high densities were noted at the boundary of wet/ basic 

forest sites ( X = 39% of ground covered by weeds), compared to wet! acidic ( X = 

16%) and dry/ coastal-subcoastal sites ( X = 27%). The significantly positive 

correlation of Pitta numbers with abundance of weeds seemed to be due to the 

comparatively high values of both Pittas and weeds in wet/ basic forests, because 

weed density was not significantly correlated with Pitta abundance in type 2 (Rp = 

0.12, n = 16, p > 0.05) or type 9 forests (Rp = 0.12, n = 13, p> 0.05), the two classes 

of forests I most frequently visited. 

Some factors that appeared to affect Pitta abundance were intercorrelated 

with other significant variables (Table 10.2). The strongest correlations existed 

between substrate inundation and depth of organic soil (R = 0.59) and between 

substrate inundation and weed abundance (R = 0.41). Some of these factors are 
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Table 10.2 Correlation between environmental factors, which were significantly correlated 

with Rainbow Pitta abundance at the minor study sites ()i = 48). 

weed substrate pH of depth of 

abundance inundation topsoil organic soil 

weed LOO 0.41 -0.10 0.29 

abundance 

substrate 0.41 1.00 0.01 0.59 

inundation 

pH of -0.10 0.01 1.00 0.26 

topsoil 

depth of 0.29 0.59 0.26 1.00 

organic soil 

doubtless also related to such as depth of organic soil (Fig. 10.3). Pittas were most 

abundant in wet/basic forests (type 2), which exhibited the deepest organic soil. 

Numbers of Pittas were not affected by the frequency of impact by pigs (R = 

-0.08, p > 0.05). Traces of Water Buffalo were never recorded, but impact of Feral 

Pigs was noted in 13 of the 48 forests visited. Disturbance by pigs was severe and 

widespread in six patches, severe and localised in two, and minor in the remaining 

five. Disturbance by pigs was noticeably more common in wet (types 1-7) than in 

dry (types 8-16) forests (Mann-Whitney U= 185.5, it =48,p <0.01). 

Two of the visited forests were fenced, and were adjoined by unfenced 

forests, which were also censused. All four forests were of floristic type 2. Although 

the fences were built to exclude pigs, some rooting was recorded inside both fenced 

areas, which however was clearly less widespread than in the adjacent patches. At 

Black Jungle Pittas were apparently more abundant in the unfenced (1.63 birds ha') 

than in the fenced (0.11 birds ha') forest, while the fenced forest at Brian Creek 

(0.16 birds ha') seemed to have a similar density of Pittas to the nearby unfenced 

forest at Jimmy Creek (0.20 birds ha'). 

Only minor disturbance by pigs was recorded at the three major sites. Recent 

rooting was noted at Fogg Dam predominantly during the dry season. However, pigs 
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were sighted all year round in the dense part of the monsoon-rainforest with 

prominent stands of Livistona benthamii palms. Disturbance by pigs appeared to be 

less severe in the monsoon-rainforest than in the adjacent paperbark forest. Pigs 

were absent from East Point, and were recorded at Holmes Jungle only in two 

months (September 1992 and October 1993) during a 28 month period of regular 

visits to this site. 

Fire intensity apparently had no significant influence on Pitta abundance in 

the forests sampled (R = -0.31, p > 0.05). There was evidence of severe fires at the 

boundaries of eight forests, and in the interior of 14 other forests. Twenty-one forests 

showed minor evidence of fire on their boundaries, and five forests were apparently 

unaffected by fire. A fire at Dundee Beach consumed more than 90% of the leaf 

litter in part of a monsoon-rainforest on the day prior to my census. No Pittas were 

seen or heard in the burnt part of the forest, in contrast to five birds recorded in an 

adjacent unburned area of similar size (together c. 9 ha). In a small forest patch south 

of Bankers Jungle, burnt a few weeks before my visit, four Pittas were observed 

looking for food amongst carbonised leaf litter. 
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Fig. 10.3 Relationship between the abundance of Rainbow Pittas and the depth of organic 

staining of the soil in monsoon-rainforests of different floristic types (see methods for 

explanations). 
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Additional factors with no significant effect on ptta numbers (p > 0.05) were 

the distance between forest and coast (R = 0.59). area of the forest (R = -0.11). 

amount of leaf litter inside the forest (R = 0.23), foliage cover (R = -0. 18), presence/ 

absence of a creek (R = 0.48), latitude of site (R = -0.56), longitude of site (R = - 

0.46) and area of the forest (R = -0.11). Pittas were recorded in four forest patches 

smaller than 2 ha each, all in a distance of less than 1 km from the nearest other 

forest patch. The species was also noted in three isolated patches (distance to nearest 

other patch> I km), each covering an area of only 3 ha. 

10.4 Discussion 

10.4.1 Distribution and abundance 

The Rainbow Pitta occurs mainly in wet and dry/ coastal-subcoastal monsoon-

rainforests (types 1-10). My most inland observations of this species at Bukbukluk, 

in the south of Kakadu National Park, are in accord with the previous most southern 

records of this species, made independently by Woinarski (1991) in the same area. 

The majority of dry inland monsoon-rainforests (types 11-16) is restricted to the 

southern half of the Top End of the Northern Territory (Russell-Smith 1991), and 

most of them are therefore located south of the range of the Rainbow Pitta. This 

species was not recorded in the only two visited sites of dry inland forests near 

Katherine, which were clearly different from coastal-subcoastal sites, comprising 

only a few scattered trees with a canopy of about 5 m. This forest therefore appears 

to be very unlikely to accommodate birds like pittas, being typical of lush tropical 

rainforests (Perrins & Middleton 1985; Round 1991). 

Pittas were recorded in 33 (72%) out of 46 patches situated within their 

range. The proportion of forests inhabited by this species is probably even higher 

because the species easily escaped notice due to their secretive nature, and low 

calling frequency during the dry season, when all censuses were conducted. 

Pittas showed their highest abundance in wet/ basic monsoon-rainforests. 

Pitta density at the major sites was correlated with the abundance of earthworms, 
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which form a major part of their diet during the breeding season (chapters 3, 7). The 

most important requirement of earthworms is moist soil, apart from suitable food 

like plant litter. It is also well established that earthworms are scarce in soils with 

low pH values (Lee 1985). It can therefore be expected that these invertebrates show 

their highest abundance in wet! basic forests, which coincides with the abundance of 

Pittas. 

The Scrubfowl was the closest-linked species in association with the 

Rainbow Pitta. These two species are the only insectivorous birds of monsoon-

rainforests in the Northern Territory that restrict their foraging behaviour to the 

ground. Johnstone & Burbidge (1991) studied the avifauna of monsoon-rainforests 

in the Kimberley, which are very similar to those in the Northern Territory. The 

closest bird in occurrence to the Rainbow Pitta in that area, also measured with a 

Cluster Analysis, was the Rose-crowned Fruit-dove, a canopy-feeding frugivore, 

followed by the Scrubfowl. 

The close association between the Banded Fruit-dove and the White-lined 

Honeyeater is due to their distribution, which is restricted to the western escarpment 

and outliers of the Arnhemland plateau. The similar occurrence of Torresian 

Imperial-Pigeon and Common Koel is not due to inhabiting similar types of forests, 

but their migration status. These species were only recorded in patches visited after 

their arrival in the Northern Territory in August! September (Crawford 1972). 

10.4.2 Habitat requirements and impact of forest disturbance 

The canopy damage of monsoon-rainforest associated with wallowing and root 

compaction by Feral Pigs is clearly less than the damage caused by bovine ungulates 

(Russell-Smith & Bowman 1992). The latter species were never recorded during this 

survey. Russell-Smith & Bowman (1992) observed greater pig impact in wet than in 

dry mon soon-rain forests, consistent with my findings. I observed minor disturbance 

of the monsoon-rainforest at Fogg Dam by pigs compared to the adjacent paperbark 

forest. In accordance with my finding, Bowman and McDonough (1991b) noted less 
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severe pig rooting in the same monsoori-rainforest than in the adjacent sedgeland, 

paperbark forest, Lophostemon forest and eucalypt forest. 

Predation on eggs or nestlings of Rainbow Pittas by pigs is minor or absent, 

because 86% of this bird's nest were built at least 1.5 m high and could therefore not 

be reached by pigs (chapter 8). Uprooting of the forest floor by this mammal can be 

expected to have at least a short term impact on the litter invertebrates upon which 

Pittas feed. It is even feasible that some invertebrates like earthworms could benefit 

from the turning over of the soil. However, no correlation was found between the 

abundance of Pittas and pigs, possibly due to the small sample of sites visited with 

significant rooting. 

There was no relationship between the extent of fire damage to forests and 

the abundance of Pittas. However, frequent late-season fires can erode monsoon-

rainforest margins (Clayton-Greene & Beard 1985; Russell-Smith 1985), and 

therefore reduce the habitat of this species. Fires affecting the interior of forests 

seemed to drive away Pittas only for a few weeks, indicating a fast recovery of litter 

invertebrate populations. 

Abundance of weeds and Pittas were significantly positively correlated, but 

this may be largely due to the high numbers of both organisms in wet/ basic forests, 

as a result of high soil moisture content of the soil and other factors. The correlation 

between weeds and Pittas was relatively weak within individual types of forests. 

Lack of correlation between Rainbow Pittas and habitat perturbation factors 

suggests that this species is relatively insensitive to changes in forest quality. The 

image of this bird as a poor indicator for disturbance of monsoon-rainforests is 

further supported by records of Pittas in pine plantations, clearings with a few 

monsoon-rainforest trees, paperbark forest, Syzygiuml Barringtonia forest, 

Lophostemon forest and eucalypt forest (chapter 3). Several pitta species in South-

east Asia are endangered. Records of the threatened Gurney's Pitta Pitta gurneyi and 

the near-threatened Giant Pitta P. caerulea in fragmented secondary forest in 

southern Thailand, indicates deforestation rather than habitat disturbance to be the 
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main reason for their decline (Collar & Andrew 1988 Round 1991). By the end of 

1982, terrestrial forest in peninsular Thailand had been reduced to approximately 

20% of the land area (Collar etal. 1986). 

Woinarski (1993) recorded a higher abundance of Rainbow Pittas in large 

than in small forest patches, which appears to contrast my findings of no correlation 

between forest size and Pitta abundance. Forest patches classified as small by 

Woinarski had a size of less than 2 ha. The mean territory size of breeding Pittas, 

estimated by mapping colour-marked individuals, was 2.0 ha (see chapter 3), which 

indicates that most small patches visited by Woinarski were too small to 

accommodate a single pair of this species. The lack of significant correlation 

between Pitta abundance and patch size, which I found from predominantly large 

patches visited (mean = 15.7 ha), indicates that the density of populations in forests 

above a certain size limit are not affected by patch size. Data from isolated patches, 

indicate minimum requirements of area to be around 3 ha. Howe et al. (1981) did not 

record any Noisy Pitta in 15 isolated rainforest patches, ranging from 0.08 to 2.5 ha, 

in north-eastern New South Wales. This species appears to be restricted to patches of 

a similar size or larger than those inhabited by Rainbow Pittas. 

The correlation between Pitta abundance and depth of organic soil could, 

however, also be due to inter-correlation of soil depth with a third environmental 

factor such as substrate inundation, which was significantly negative correlated with 

Pitta numbers. However, in Russell-Smith's (1991) study of monsoon-rainforests in 

northern Australia, the environmental factor with a strong positive correlation with 

depth of organic soil was rainfall. This apparent contradiction can be explained by 

the influence of both factors on the abundance of earthworms. During the wet season 

earthworms were significantly more common in the leaf litter of monsoon-

rainforests than during the dry season, but flooding caused a decline in their numbers 

by drowning (chapter 6). It is therefore likely that earthworms are more common in 

wet than in dry forests, but occur only in low numbers in very wet patches which are 

regularly inundated. Pittas, probably one of their main predators, therefore reflect 

their abundance (see chapters 3, 7). The significantly positive correlation between 

Pittas and pH of topsoil could also be caused by earthworm numbers, because these 

invertebrates prefer basic substrate to acidic one (Lee 1985). 
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11.1 Origin of Australian pittas 

The Rainbow Pitta is endemic to the Top End of the Northern Territory and the 

Kimberley of Western Australia (Blakers et al. 1984). In order to understand the 

origin and present distribution of this species, the palaeohistory and biogeography of 

Australia have to be considered. After splitting from the Antarctic land mass about 

60 million years ago, the Australian (Sahul) continental plate drifted northwards and 

eventually collided with the Asian (Sunda) plate, raising the New Guinea landmass, 

some 15 million years ago. Since this time there has been faunal interchange 

between the two continental blocks across the relatively narrow sea gap between 

them (Crook 1981; Powell et al. 1981). Australian pittas are regarded as relatively 

recent arrivals from Asia (Ford 1989), where most members of this family occur 

(Campbell & Lack 1985; Perrins & Middleton 1985). Asian birds entered Australia 

mainly via a land bridge between New Guinea and Cape York Peninsula (Keast 

1981), although some species may have colonised from Timor (Mayr 1944). 

The Noisy and Rainbow Pittas are very similar in coloration to the Black-

faced Pitta Pitta anerythra of the Solomon Islands and the Elegant Pitta P. elegans of 

Indonesia. Sibley and Monroe (1990) combined these four species into the versicolor 

superspecies. These species also show many similarities in coloration to another 

group of species, comprising the Indian Pitta P. brachyura, Fairy Pitta P. nympha, 

Blue-winged Pitta P. moluccensis and Mangrove Pitta P. megarhyncha, which Sibley 

and Monroe (1990) grouped into the brachyura superspecies. However, Sibley and 

Ahlquist (1990) found relatively large genealogical distances between these two 

superspecies. The present closest distance between distributions of Australian and 

Asian members of the versicolor superspecies is 500 km, between north-western 

Australia, where the Rainbow lives, and Timor in the Lesser Sunda islands which are 

inhabited by the Elegant Pitta. This distance was reduced to 100 km during periods 

of exposure of the Sahul shelf (Powell et al. 1981). The Elegant Pitta is absent from 

New Guinea, indicating colonisation of Australia by an ancestral stock of the 

versicolor superspecies by emigration from the Timor region. Alternatively, 

versicolor stock reached Australia via New Guinea and Cape York, which is 

supported by the occurrence of a small population of the Noisy Pitta in southern 
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New Guinea. Perhaps this species was once more widespread in New Guinea, but 

retreated to the southernmost part of the island due to competition with the Hooded 

Pitta P. sordida which has a wide distribution throughout South-east Asia. The 

Hooded Pitta is presently widespread in New Guinea, except for the southern region, 

where it is replaced by the Noisy Pitta (Coates 1990), indicating that the two species 

have similar ecologies. 

After reaching the Australian continent, the ancestral stock of this group 

presumably spread from northern Australian rainforests, the avifauna of which has 

been described as the Irian avifaunal element (Schodde & Calaby 1972), to the older, 

temperate rainforests of eastern Australia, occupied by the Tumbunan avifaunal 

element. Rainforests of the Irian element contracted during dry cycles of the 

Pleistocene, and remain today in northern Australia as the following three regions, 

separated from each other by the arid country of the Gulf of Carpentaria, and the 

Joseph Bonaparte Gulf: (1) rainforests in Cape York Peninsula; (2) monsoon-

rainforests in the Top End of the Northern Territory and (3) monsoon-rainforests in 

the Kimberley of Western Australia (Schodde & Calaby 1972). This isolation of the 

Cape York and Top End blocks of closed forests stimulated speciation, and probably 

resulted in the differentiation of the Rainbow and Noisy Pittas. Sibley & Monroe 

(1990) regarded these two species as closely related, and they are very similar in 

behaviour, calls and coloration, differing mainly in the breast being yellow for the 

Noisy Pitta and black for the Rainbow Pitta (chapters 4, 5). 

The third Australian species, the Red-bellied Pitta, is distinct in coloration 

and calls from the Noisy and Rainbow Pittas (chapter 5), and is not regarded to be 

closely allied to either of these two species (Sibley & Monroe 1990). The Red-

bellied Pitta is a summer visitor to Cape York from New Guinea (Blakers et al. 

1984), and probably reached Australia only relatively recently via New Guinea, 

judged by its limited distribution in Australia and extensive distribution throughout 

New Guinea, the Philippines, Sulawesi and the Moluccas (Sibley & Monroe 1990). 
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11.2 Comparison between ecology of Rainbow, Noisy and Red-

bellied Pittas 

All three Australian pitta species are similar in their morphology and ecology. They 

are all brightly coloured, and have a similar body shape with strong legs and a short 

tail as adaptations to life on rainforest floors, which is their main habitat (chapters 

2,3). Their diet consists of litter invertebrates including earthworms, snails and 

insects (chapter 7). All three species show similar displays for short distance 

communication, and utter clear, high-pitched whistles, which are adapted 

communication over long distances in dense forest (chapters 4,5). Breeding 

coincides with the wet season, when these birds are apparently monogamous and 

raise their young in domed nests (chapter 8). 

The Noisy Pitta is clearly larger than either the Rainbow or the Red-bellied 

Pitta, which follows Bergmann's rule (James 1970) because only the Noisy Pitta 

extends from tropical regions into the subtropical zone (see chapter 2). The Red-

bellied Pitta showed the longest wings relative to body size, which correlates with its 

migratory status (chapter 3). Cape York Red-bellied Pittas called more during the 

wet season than Rainbow and Noisy Pittas, which again possibly relates to the 

strictly migratory nature of the first species, and its need to establish territories upon 

arrival at its breeding grounds (chapter 4). The acoustic structure of calls are similar 

between Rainbow and Noisy Pittas, but clearly differ from those of the Red-bellied 

Pitta, and therefore reaffirm the taxonomic distance of the latter (Sibley and Monroe 

1990). The Red-bellied Pitta is more widespread than the other two species, and is 

sympatric with the Hooded and Blue-winged Pitta, both of which give calls similar 

to those of the Rainbow and Noisy Pittas (Sibley & Monroe 1990; Lansdown et al. 

1991). The distinctive call of the Red-bellied Pitta therefore may have evolved to 

avoid confusion with other pitta species. 

What is the reason for differences in migration status between Noisy and 

Red-bellied Pittas on Cape York? Unlike the Red-bellied Pitta, the Noisy Pitta is 

sedentary on Cape York. The migratory habits of birds such as the Common Koel 

Eudynamis scolopacea on Cape York are clearly related to the monsoonal climate of 
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this region, which imposes severe stress upon animals during the dry season when 

food and water are scarce (Kikkawa etal. 1981). Noisy Pittas were observed feeding 

their young with a wide variety of litter invertebrates including those which are 

abundant during the drier part of the year, like ants and beetles (Taylor & Taylor 

1995). This apparently generalised diet of the Noisy Pitta allows this species to cope 

with seasonal variation in the abundance and composition of available food, and 

explains its sedentairness on Cape York. Like the Rainbow Pitta, the Noisy Pitta 

apparently occurs outside rainforests, while the Red-bellied Pitta appears to be more 

strictly confined to rainforests (chapter 3). The Red-bellied Pitta is restricted to 

humid tropical regions with a more stable climate, and visits the wet-dry tropics of 

Cape York only during the wetter part of the year. The restriction of this species to 

regions and habitats with humid conditions indicates a specialisation on moisture-

dependent invertebrates, requiring it to migrate to escape the lean period on Cape 

York. Robinson (1992) related differences in migration status of two 

morphologically similar sympatric robins in south-east Australia to differences in 

feeding ecology. The sedentary Scarlet Robin Petroica multicolor foraged 

predominantly for ground-dwelling prey, while the migratory Flame Robin P.  

phoenicea fed more often on flying insects, which are a very seasonal food source, 

declining during the colder months and causing migration of the latter species. 

Why is the Rainbow Pitta sedentary in contrast to the migratory Red-bellied 

Pitta and the partially migratory Noisy Pitta? The Rainbow Pitta changes its diet 

from predominantly earthworms in the wet season to mainly insects during the dry 

season. This seasonal change in diet indicates that this species, like the Noisy Pitta, 

is well adapted to seasonal changes in abundance and composition of food 

availability. The sedentariness of the Rainbow Pitta correlates with an apparent lack 

of obvious geographical variation in food availability within its range, due to its 

rather restricted distribution with no altitudinal variation, and isolation from other 

suitable habitat by 500 to 600 km (chapter 3). While the Noisy Pitta appears to be 

sedentary on Cape York, some migration of this species was recorded in the Cairns 

region. The distribution of the Noisy Pitta spans a wide range of latitudes (250 ; cf. 

Rainbow Pitta 6°), altitudes (due to the Great Dividing Range), and habitats 

(temperate, subtropical and tropical rainforests), which is likely to stimulate short 



175 

distance migrations if its resources fluctuate seasonally. The migratory nature of the 

Red-bellied Pitta may relate to differences in climate between Cape York and New 

Guinea: New Guinea with its more humid and less seasonal climate probably 

supports sufficient moisture-dependent invertebrates for the species for most of the 

year (McAlpine 1983), while lack of such invertebrates on Cape York during the dry 

season explains the absence of this bird during this period. During the wet season 

Cape York probably provides superabundant food for a short period, on which the 

Red-bellied Pitta capitalises for breeding. Lack of migration of Hooded Pittas from 

New Guinea to Cape York may relate to the absence of this species from the 

southern Trans-fly region, where Red-bellied and Noisy Pittas occur (Coates 1990). 

The timing of breeding of the Rainbow Pitta is apparently governed 

ultimately by the abundance of earthworms, and proximately by rainfall (chapter 8). 

The start of breeding by Noisy and Red-bellied Pittas also coincides with the first 

heavy rainfall (Woodall 1994; G. Beruidsen, pers. comm.), but may be correlated 

with the abundance of moisture-requiring litter invertebrates such as snails rather 

than earthworms, because earthworms were recorded in relatively low numbers in 

northern Queensland compared to the Northern Territory (Frith & Frith 1990; 

chapter 6). 

The large clutches of the Rainbow Pitta compared to the Noisy Pitta 

correlates with the greater seasonality of resources in the Top End than in the 

relatively stable climate of southern Queensland, where most of the data for Noisy 

Pitta clutches were derived, consistent with Ashmole's (1961, 1963) hypothesis (see 

chapter 8). Compared to other Australian and other tropical birds Rainbow Pittas 

showed relatively large clutches and short incubation and nestling periods, which 

may be related to the striking seasonality of earthworm abundance, their main food 

resource during the breeding season. Ridpath (1985) argued that the start and 

duration of breeding of birds and mammals in the wet-dry tropics of northern 

Australia was irregular compared to those of the temperate zone of Australia and 

humid tropics, because of variation in timing and duration of rainfall in this region. 

Consistent with this hypothesis, the start and length of the breeding season of the 

Rainbow Pitta showed marked annual variation, apparently due to the strong impact 

of yearly variation in rainfall on abundance of earthworms (chapter 8). Data from 
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various habitat types near Darwin show a significant correlation between abundance 

of Rainbow Pittas and earthworms, reaffirming this invertebrate class as a key factor 

for the ecology of this bird species. The Rainbow Pitta reached its highest abundance 

in wet/ basic monsoon-rainforests, probably coinciding also with the abundance of 

earthworms (see chapter 10). 

Unlike the predominantly tree-nesting Rainbow and Red-bellied Pittas, the 

Noisy Pitta appears to build nests mainly on the ground (Beruldsen 1980; chapter 8, 

this study) which may relate to a relatively low predation pressure on ground nests in 

the Brisbane region, where most Noisy Pitta nests have been found. All nine 

Rainbow Pitta nests built on the ground were predated, indicating a relatively high 

predation pressure rate on ground nests of this species. 

Why are there more ground-dwelling insectivorous bird species in northern 

Queensland than in the Top End of the Northern Territory? The Rainbow Pitta and 

the Orange-footed Scrubfowl are the only insectivorous monsoon-rainforest birds of 

the Top End, which restrict their foraging to the forest floor. This contrasts strongly 

with rainforests of northern Queensland, where this foraging guild is occupied by 

more than ten species, including the Noisy and Red-bellied Pittas (chapter 3). At no 

site in this region do all the species of this guild co-occur because most of these 

birds occupy only a restricted range. The difference in species richness between 

these two regions may relate to greater complexity and extent of rainforests in 

Queensland, which provides a higher diversity of habitat types and resulted in fewer 

extinctions of bird species. This could also explain why several groups of species, 

like sunbirds (Nectariniidae) and starlings (Sturnidae), occur in northern Queensland 

but are absent from the Top End. However, the abundance and biomass of litter 

invertebrates does not correlate with the higher diversity of ground-dwelling 

insectivorous birds in Queensland rainforests, since invertebrates were more 

abundant at the study sites in the Northern Territory than in Queensland during the 

wet season (chapter 6). The relatively high food availability and lack of ground-

foraging competitors probably enables the Rainbow Pitta to attain higher population 

densities than the Noisy and Red-bellied Pittas (chapter 3). Yet despite the 

superabundance of their food during the breeding season, Pitta populations are 

probably limited by relatively scarce food resources in the dry season. 
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11.3 Conservation and further research 

The destruction of wildlife habitat is minor in the Top End compared to other parts 

of Australia (Bowman 1991), and large areas have been set aside for biodiversity 

conservation, such as Kakadu and Nitmiluk (Katherine Gorge) National Parks. Few 

bird species of this region are seriously endangered, one exception being the 

granivorous Gouldian Finch Erythrura gouldiae (Ridpath 1985; Morton & Brennan 

1991; Whitehead et al. 1992). Although the monsoon-rainforest patches inhabited by 

the Rainbow Pitta in this region are isolated by vast areas of savanna (Russell-Smith 

1991), genetic exchange between Pitta populations is likely to occur regularly, 

indicated by the lack of spatial variation in morphometrics and calls of this species 

(chapters 2, 5). Dispersal of young to other forest patches was indicated by the 

absence of recaptures/ resightings of banded nestlings in their natal forest patch 

(chapter 3). The substantial proportion of young at Fogg Dam which were not 

banded made it impossible to assess the number of unbanded young from other 

monsoon-rainforest patches immigrating to this site. 

South-east Asian pittas are regarded as indicators for forest disturbance 

(Round 1991). Several species in this region are endangered, like the Gurney's Pitta 

Pitta gurneyi in peninsular Thailand, and the Schneider's Pitta P. schneideri in 

Borneo. Perturbation of monsoon-rainforests in the Top End by feral animals, weeds 

and fire has been discussed by a number of authors (Stocker 1966; Clayton-Greene 

& Beard 1985; Russell-Smith 1985; Russell-Smith & Dunlop 1987). However, all 

these factors seem to have surprisingly little impact on populations of the Rainbow 

Pitta (chapter 10). 

Further research on the ecology of the monsoon-rainforest avifauna in the 

Top End is needed to show whether other bird species of this habitat exhibit similar 

seasonal changes in diet, and annual variation in start and length of breeding 

seasons, as characterised by the Rainbow Pitta. The present study showed that there 

is a difference between egg predation rates in the monsoon -rai nforest and adjacent 

eucalypt forest at Fogg Dam (chapter 9). It would be worthwhile to compare 

predation rates between different habitat types with artificial nests to confirm that 
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rainforest birds suffer higher predation than birds in more open habitats like 
woodlands. Such studies could identify major nest predators of these habitats by 

photographic and other techniques (Major 1991  a; Laurance et al. 1993: Laurance & 

Grant 1994: Major & Gowing 1994). 

Studies of seasonal fluctuation of invertebrates in other strata of monsoon-
rainforests and in additional habitat types are required to evaluate the patterns of 
distribution, abundance and timing of breeding of other insectivorous birds in this 
region. A simple experiment could confirm that worms are the ultimate factor for 
timing of breeding of Rainbow Pittas: providing Pittas with earthworms shortly 
before the usual onset of breeding should induce premature breeding. The relative 
importance of the senses of this species in locating food could be tested with caged 
birds, and may help to explain the large olfactory system recorded for pittas (Garrod 
1876). 

The study of dispersal of animal populations between habitat patches has 
attracted much attention recently, because of its relevance to conservation of 
threatened species or habitats. Although Rainbow Pittas appeared to be unsuitable 
for research with radio-transmitters (see chapter 3), the frequency of movements 
between populations of this species could be assessed using DNA-hybridisation, 
which allows determination of the amount of genetic diversity within and between 
populations. This may yield patterns which are valuable for conservation of 
endangered pittas in South-east Asia. Although perturbation of monsoon-rainforests 
by feral animals has been discussed by several authors, there has been no 
investigation of the impact of rooting by pigs on forest floor invertebrates, on which 
Rainbow Pittas and other animal species such as the Common Planigale Planigale 
maculata depend (Bowman & McDonough 1990). Such a study could also provide 
important information for the long-term management of this habitat. 



APPENDIX I BANDING DATA FOR RAINBOW PITTAS 

No. Left Right Re Age HA Sex Date Site Wt BK TSL WL WS 
80327 Ws RR 1+ P M 8.8.92 Fogg Dam 67.0 28.4 40.2 112 370 
80328 Ws YY 1+ P 8.8.92 Fogg Dam 64.5 28.5 41.0 108 355 
50090 MB Ws R 1+ P 8.8.92 Fogg Dam 67.0 27.5 38.5 109 
80329 Ws GG 1+ P M 8.8.92 Fogg Dam 61.5 29.0 39.0 111 
44019 Ws LL 1+ P 9.8.92 Fogg Dam 65.0 107 
33652 Ws YR 1+ P M 10.8.92 Fogg Dam 57.0 106 346 
45250 Ws BY 1+ P 10.8.92 Fogg Dam 60.0 107 
33653 Ws RM 1+ P M 10.8.92 Fogg Dam 67.0 106 358 
64020 Ws RY 1+ P F 10.8.92 Fogg Dam 56.0 105 
35752 Ws MY 1+ P 10.8.92 Fogg Dam 63.0 
80337 Os RR 1+ P 3.9.92 Holmes J. 59.0 27.0 37.5 103 335 
80341 Os GG 1+ P 3.9.92 Holmes J. 64.0 27.0 39.0 106 345 
80342 Ws YB 1+ P M 12.9.92 Fogg Dam 73.5 111 355 
35752 Ws MY A 1+ P 12.9.92 Fogg Dam 110 347 
35752 Ws MY R 1+ P 13.9.92 Fogg Dam 59.5 112 344 
80343 Ws BR 1+ P 13.9.92 Fogg Dam 60.5 106 346 
80351 Ys YR 1+ P 19.9.92 East Point 58.5 104 336 
80349 Os BB 1+ P 15.11.92 Holmes J. 56.0 108 344 
80328 Ws YY R 1+ P 24.11.92 Fogg Dam 61.5 
33652 Ws YR R 1+ P M 25.11.92 Fogg Dam 56.5 
80350 Ws MG 1+ P 25.11.92 Fogg Dam 65.5 29.0 37.5 106 343 
80327 Ws RR 1+ P M 25.11.92 Fogg Dam 65.5 
80344 Ws MR 1+ P M 3.12.92 Fogg Dam 61.0 27.7 39.4 119 360 
80345 Ws BM 1+ P 3.12.92 Fogg Dam 68.0 27.8 38.9 108 346 
80346 Ws BO 1+ P M 3.12.92 Fogg Dam 61.5 28.4 39.3 107 352 
80348 Ws YO 1+ P 3.12.92 Fogg Dam 65.0 29.8 38.9 105 351 
80347 Ws OL 1+ P F 3.12.92 Fogg Dam 62.0 27.8 37.2 108 350 
80353 Ys RB 1+ P 6.12.92 East Point 61.0 38.4 108 352 
80354 Ys OL 1+ P 6.12.92 East Point 56.5 38.7 110 351 
80356 P N 6.12.92 East Point 34.0 32.2 
80355 P N 6.12.92 East Point 33.0 32.1 
80357 P N 6.12.92 East Point 30.0 30.1 
80360 P N 6.12.92 East Point 25.0 25.9 
80361 P N 9.12.92 Fogg Dam 37.0 30.5 
80362 P N 9.12.92 Fogg Dam 29.0 33.7 
80363 P N 11.12.92 Holmes J. 32.0 26.1 
80364 P N 11.12.92 Holmes J. 32.5 26.3 
80365 P N 11.12.92 Holmes J. 33.0 26.5 
80366 P N 20.12.92 Fogg Dam 46.0 36.3 
80367 P N 20.12.92 Fogg Dam 46.5 35.5 
64020 Ws RY R 1+ P F 29.12.92 Fogg Dam 67.0 
80350 Ws MG R 1+ P 5.1.93 Fogg Dam 63.0 26.5 38.5 102 346 
80329 Ws GG R 1+ P M 5.1.93 Fogg Dam 61.0 28.9 40.5 110 363 
80368 Ws MO 1+ P 6.1.93 Fogg Dam 66.5 26.4 39.5 104 350 
80369 Ws GM 1+ P F 7.1.93 Fogg Dam 64.0 28.4 38.7 110 359 
80370 Ls OM 1+ P 8.1.93 Fogg Dam 62.0 28.4 40.1 106 352 
80342 Ws YB R 1+ P M 8.1.93 Fogg Dam 59.5 28.5 38.5 107 357 
80371 Ls BG 1+ P 8.1.93 Fogg Dam 62.5 29.6 39.1 113 365 
80372 Ls GB J P 8.1.93 Fogg Dam 62.5 28.1 38.4 108 352 
50090 MB Ws R 1+ P 12.1.93 Fogg Dam 67.0 27.8 38.3 111 357 
80373 Ls MM 1+ P 14.1.93 Fogg Dam 66.5 29.0 39.5 109 358 
80374 Ls YG P N 14.1.93 Fogg Dam 52.5 39.9 
80375 Ls YM P N 14.1.93 Fogg Dam 50.5 39.9 
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No. Left Right Re Age HA Sex Date Site Wt BK TSL WL WS 
80376 Ls GR P N 14.1.93 Fogg Dam 53.0 40.8 
80370 Ls OM R 1+ P 15.1.93 Fogg Dam 63.5 
80377 Ls BB 1+ P 16.1.93 Fogg Dam 62.5 28.2 37.7 107 347 
80342 Ls OM R 1+ P 16.1.93 Fogg Dam 64.0 28.2 38.5 108 357 
80378 Ls AG 1+ P F 17.1.93 Fogg Dam 60.5 29.5 39.0 105 352 
80379 Ls OR 1+ P 17.1 .93 Fogg Dam 65.0 28.0 38.8 104 348 
80380 Ls OB P N 11.2.93 Fogg Dam 55.0 37.8 
80381 Ls GO P N 11.2.93 Fogg Dam 56.0 37.8 
80382 Ls GY P N 11.2.93 Fogg Dam 55.5 38.1 
80353 Ys RB A 1+ P 24.2.93 East Point 63.5 31.1 38.4 107 353 
80383 Ys MM J P 18.3.93 East Point 65.0 27.0 40.1 104 349 
80384 J P 21.5.93 Baroalba 78.5 28.3 39.9 109 360 
80386 Gs OG J P 10.6.93 Fogg Dam 57.0 26.3 38.0 110 337 
80385 Ls RD J P M 10.6.93 Fogg Dam 65.0 28.3 38.6 106 350 
80382 Ls 00 A J P 10.6.93 Fogg Dam 70.0 29.3 40.8 103 354 
80387 Gs DY J P 11.6.93 Fogg Dam 67.0 27.6 39.5 106 348 
80398 Ys BR J P 21 .6.93 East Point 61.0 27.4 39.6 107 347 
80388 Ys MB 1+ P 2.7.93 East Point 58.5 32.4 38.4 109 345 
80353 Ys RB A 1+ P 13.7.93 East Point 63.0 30.0 38.8 
80389 1+ P 18.7.93 GunnPoint 60.0 28.2 38.5 110 350 
80390 1+ P 25.7.93 WAlligator 61.5 28.1 37.9 108 349 
80391 J P 27.7.93 WAlligator 69.5 28.5 39.6 110 361 
80392 J P 8.8.93 Dundee B 
80393 Gs RB J P 10.8.93 Fogg Dam 61.0 26.4 39.0 107 349 
80382 Ls GY R J P 10.8.93 Fogg Dam 
80394 Bs MM J P 11.8.93 Fogg Dam 57.0 27.7 36.6 99 332 
80386 Gs OG R J P 11.8.93 Fogg Dam 61.0 
80395 Ms OG J P 13.8.93 Fogg Dam 60.0 27.3 39.2 99 333 
80396 Ys MR 1+ P 17.8.93 East Point 59.0 28.1 40.0 108 352 

1+ P 28.9.93 Bukbukluk 69.0 32.4 40.4 112 363 
80397 Bs BB 1+ P M 14.10.93 Fogg Dam 64.5 28.5 39.6 109 360 
33650 00 Bs 1+ P 19.11.93 Fogg Dam 61.5 32.8 39.2 109 359 
80378 Ls RG R 1+ P 23.11.93 Fogg Dam 64.0 
80399 Bs GO 1+ P 1.12.93 Fogg Dam 62.0 27.2 36.4 106 348 
75046 Bs AG 1+ P F 5.12.93 Fogg Dam 59.5 27.3 37.9 109 349 
75047 Bs RD 1+ P M 5.12.93 Fogg Dam 55.0 29.8 37.7 110 347 
75045 Bs GG P N 7.12.93 Fogg Dam 51.0 38.9 
75044 Bs GR P N 7.12.93 Fogg Dam 51.0 
80400 Bs WW P N 7.12.93 Fogg Dam 50.0 
75100 Bs OW 1+ P M 7.12.93 Fogg Dam 70.0 29.1 40.1 
45244 WO Rs 1+ P F 16.12.93 Fogg Dam 66.0 26.9 37.9 106 346 
75050 Bs RW P N 16.12.93 Fogg Dam 42.5 
75099 Bs WO P N 16.12.93 Fogg Dam 43.5 
75048 Bs OR P N 16.12.93 Fogg Dam 43.5 
75049 Bs WR P N 16.12.93 Fogg Dam 44.5 
75043 Bs 00 P N 21 .12.93 Fogg Dam 57.0 36.8 
80397 Bs BB R 1+ P M 29.12.93 Fogg Dam 66.0 
75040 Rs RW P N 29.12.93 Fogg Dam 54.0 
75039 Rs OW P N 29.12.93 Fogg Dam 
75031 Gs RW P N 30.12.93 Fogg Dam 53.5 
75036 Rs OB P N 30.12.93 Fogg Dam 47.0 
75035 Rs MO P N 30.12.93 Fogg Dam 50.5 35.6 
75033 Ws OW P N 31.12.93 Fogg Dam 50.5 
75034 Rs 00 P N 31.12.93 Fogg Dam 52.5 37.4 
75037 Rs WG P N 4.1.94 Fogg Dam 48.0 37.0 
75038 Rs OW P N 4.1.94 Fogg Dam 50.0 
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No. Left Right Re Age HA Sex Date Site Wt BK TSL WL WS 
75042 Rs GO P N 4.1.94 Fogg Dam 46.5 
75041 Rs OG P N 4.1 .94 Fogg Dam 50.0 
75032 Gs OG P N 4.1.94 Fogg Dam 36.0 26.0 
75029 Os P N 4.1.94 Fogg Dam 59.0 38.6 
75030 0 S P N 13.1.94 Fogg Dam 53.5 
75026 P N 13.1.94 Fogg Dam 53.5 
75028 P N 13.1.94 Fogg Dam 54.0 39.6 
75027 P N 13.1.94 Fogg Dam 51.0 
75001 J P 14.1.94 Fogg Dam 53.5 38.7 
75025 J P 17.1.94 Fogg Dam 51.0 
75022 Ms RY P N 21.1.94 Fogg Dam 48.5 
75021 Ms YR P N 21.1.94 Fogg Dam 52.5 
75024 Ms WB P N 21.1.94 Fogg Dam 50.0 
75023 Ms BW P N 21.1.94 Fogg Dam 51.5 36.9 
75020 Ms YW P N 21 .1 .94 Fogg Dam 56.0 36.9 
75019 Ms GY P N 22.1.94 Fogg Dam 46.0 
75018 Ms YG P N 22.1.94 Fogg Dam 49.0 
75017 Ms RB P N 22.1.94 Fogg Dam 45.0 35.5 
75016 Ms BR P N 22.1.94 Fogg Dam 42.0 
80327 Ws AR A 1+ P M 24.1.94 Fogg Dam 62.5 27.8 40.8 110 363 
75015 Ys GM 1+ P F 24.1.94 Fogg Dam 68.0 27.0 38.3 107 346 
75014 Ys MG P N 28.1.94 Fogg Dam 58.0 
75013 Ys AG P N 28.1.94 Fogg Dam 53.5 
75012 Ys WG P N 28.1.94 Fogg Dam 54.5 37.3 
75010 Ys WB P N 31.1.94 Fogg Dam 48.5 
75011 Ys BW P N 31.1.94 Fogg Dam 51.5 
75009 Ys BB P N 31 .1.94 Fogg Dam 50.5 36.0 
75008 Ys GW P N 31.1.94 Fogg Dam 51.5 
75007 Ys GA 1+ P 2.2.94 Fogg Dam 75.0 26.4 38.4 106 353 

1+ P 12.10.94 Gunn Pt. 72.0 27.7 39.3 106 350 
1+ P 25.10.94 Batchelor 64.0 26.8 38.2 107 345 

75006 Rs BG 1+ P 26.11.94 Fogg Dam 64.0 28.8 40.7 106 349 
75056 P N 3.2.95 East Point 49.5 38.6 
75057 P N 3.2.95 East Point 45.5 36.6 
75058 P N 3.2.95 East Point 53.5 38.6 
75056 Ys RR P N 5.2.95 East Point 48.0 40.3 
75057 Ys RM P N 5.2.95 East Point 49.5 38.9 
75058 Ys AW P N 5.2.95 East Point 52.0 38.8 
75096 Ys GO P N 12.3.95 East Point 47.0 36.6 
75097 Ys BM P N 12.3.95 East Point 47.5 36.3 
75098 Ys WA P N 12.3.95 East Point 50.0 37.0 
75095 Bs BR P N 12.3.95 East Point 46.0 33.5 
75093 Bs RB P N 12.3.95 East Point 38.5 32.3 
75094 Bs AR P N 12.3.95 East Point 44.5 34.0 

No., band number; Left and Right, colour-band combinations on left and right leg, respectively (B, 
blue; G, green; L, light blue; M, mauve; 0, orange; R, red; s, metal band; W, white; Y, yellow); Re, 
recapture; Age (P, pullus; J, juvenile; 1+, first year or older); HA, how aged (N, banded as nestling; P, 
plumage); Site (W Alligator, West Alligator River Head; Dundee B, Dundee Beach); Wt, weight (g); 
BK, bill length (mm); TSL, tarsus length (mm); WL, wing length (mm); WS, wing span (mm). 
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