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ABSTRACT 

Whilst passerine birds of Australia's temperate regions, like those of the North 

Temperate region, breed predominantly during the warm spring and summer 

months, those of the Australian monsoon tropics, like those of the New World 

tropics, show diverse breeding seasons, in response to year-round warm conditions 

(Noske & Franklin 1999). Given this disparity in breeding seasons, it might be 

expected that tropical and temperate Australian birds differ in other aspects of 

reproduction. The present study compared the breeding characteristics of two 

Gerygone (warbler) species found in tropical mangals (mangrove communities) 

with those of their temperate congeners, and evaluated the roles of nest predation 

and food availability in shaping the breeding characteristics of the tropical species. 

The study took place in Darwin, where 90% of the annual rain (1600 mm) falls in the 

wet season, November-April. Methods included field observations of colour-banded 

birds, and experiments using artificial nests, eggs and model birds. 

The large, conspicuous nests of Large-billed Gerygones Gerijgone inagnirostris 

(Pardalotidae) were suspended over, or close to, tidal creeks within mangal forests, 

whereas the smaller nests of Mangrove Gerygones G. levigaster were built in small 

mangroves on or around barren saltflats, often in isolated plants. Breeding was 

uniquely biannual in both species, with peaks in the wet-dry and dry-wet transition 

periods, and reproductive activity was minimal during the wettest months 

(December-February). Large-billed Gerygones had a longer breeding season and a 

longer incubation period (19 days) than Mangrove Gerygones (16 days), but both 

had clutches of 2-3 eggs and nestling periods of 15 days. 

Nest success was very low for both species (17-18%), the result of high rates of 

nest predation and brood parasitism, and flooding by high tides. Nests of Large-

billed Gerygones closest to tidal channels suffered higher losses, partly due to tidal 

flooding, while those built beside old nests were more successful than solitary nests, 

possibly because old nests signify safe locations. Both species suffered high levels of 

brood parasitism (34-41%) by the Little Bronze-Cuckoo Clzrijsococcijx minutillus, a 

gerygone specialist. In addition, cuckoos at least occasionally killed gerygone 

nestlings. Several nests with 2 or 3 cuckoo eggs suggested female cuckoos competed 
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for host nests. Artificial "cuckoo" eggs were rejected by some Mangrove Gerygones, 

but not by Large-billed Gerygones, suggesting differential discrimination between 

the two species, yet both species attacked a taxidermic mounted specimen of the 

cuckoo. Newly-hatched cuckoos possessed down feathers and closely resembled the 

hatchlings of the Large-billed Gerygone, but were less similar to those of the 

Mangrove Gerygone. Whether the former represents nestling mimicry or anti-

predator crypsis requires testing. 

Dietary data from the literature suggest that the Large-billed Gerygone uses its 

large bill to capture larger, hard-bodied insects (such as beetles) than does the 

Mangrove Grygone, which eats mostly smaller, softer prey (such as bugs). Insects in 

the mangals peaked in abundance and biomass during the late dry-early wet 

season, corresponding to the second breeding pulse of the gerygones. Small flying 

insects showed another peak, coinciding with the first breeding pulse. Breeding of 

Mangrove Gerygones was correlated with the seasonality of small flying insects, 

consistent with their putative diet. Insects were more abundant, but fluctuated 

more, on saltflats than along tidal creeks. 

Consistent with the tropical-temperate life history paradigm, these tropical 

gerygones showed much longer breeding seasons, slightly smaller clutches, lower 

nest attentiveness, and higher nest predation rates than their temperate 

counterparts, but their incubation periods and nestling provisioning rates were 

shorter and higher, respectively, than expected. Nest attentiveness (percentage of 

time on the nest) of the Large-billed and Mangrove Gerygones was exceptionally 

low (38-40%), but incubation behaviour suggests that the risk of nest predation by 

diurnal predators was less important than other considerations (e.g. energetic value 

of food or stable nest temperatures). 

Several lines of evidence confirmed the importance of nest predation in the life 

history of the study species. For Mangrove Gerygones, nests in isolated plants were 

more successful than those on the edge of saltflats or inside the mangal forest, and 

the distance of the nest plant from the nearest plant was the most important variable 

explaining nest success. The results of artificial nest experiments suggest that nest 

predation was lower on saltflats than along tidal creeks, providing an explanation 
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for the popularity of saitfiats as breeding grounds for both insectivorous and non-

insectivorous bird species. Nest predation of artificial nests was lowest during the 

early dry season, coinciding with the first breeding pulse of gerygones, and lower in 

urban than more natural (non-urban) sites, possibly due to fewer predators 

occurring in the former sites. 

Generalised linear models suggested that rates of nest predation and brood 

parasitism were the most important variables accounting for the timing of breeding 

of the Large-billed Gerygone, while abundance of small insects was possibly more 

important for the Mangrove Gerygone. These and other differences (such as in 

incubation period and nest characteristics) between the two species may relate to 

their proposed divergent phylogenetic history, in which the Large-billed Gerygone 

probably evolved in rainforests while the Mangrove Gerygone may have been 

derived relatively recently from an arid-adapted ancestor. Differences with their 

temperate counterparts are more easily explained by adaptive radiation within the 

continent, than by reference to a global tropical versus temperate life history 

dichotomy. Further study would be required to determine whether adult survival 

and extent of parental care in these tropical species are as high as, or higher than, 

other tropical and Australian birds. 
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Chapter 1 

GENERAL INTRODUCTION 

1.1 Introduction 

The major determinants of avian reproductive success are breeding season (time and 

length of egg-laying activity), clutch size (number of eggs laid per nest attempt), and 

fledging success (number of surviving young). Our knowledge of avian 

reproductive ecology is mostly derived from studies conducted in the North 

Temperate region. Tropical and temperate birds can be expected to be very different 

in their life history traits, because temperate and tropical biomes are profoundly 

different in climate and vegetation. Many studies, mostly conducted in the New 

World, have shown that tropical songbirds (passerines) differ from their 

counterparts in the North Temperate region in having longer breeding seasons, 

smaller clutches, slower growth, and higher nest mortality (Ricklefs 1969; Oniki 

1979; Martin 1996; Stiitchbury & Morton 2001). These differences are most often 

attributed to higher nest predation rates or lower annual increment of food due to 

less marked seasonality in the tropics. 

Skutch (1949) reported that the rate of predation on eggs or young of birds in the 

neotropics was higher than that of birds in North Temperate region. He suggested 

that such high nest predation rates should favour less frequent visitation to nests by 

parents, because fewer visits reduced the probability of discovery of nests by 

predators. Nest visitation rates could be lowered by decreasing clutch size (fewer 

mouths to feed), or slowing development (lengthening incubation and nestling 

periods), explaining the trends noted above. In North America, Martin & 

Ghalambor (1999) found that nest predation during the incubation period was 

negatively correlated with nest attentiveness, supporting Skutchs  hypothesis. 

However this argument assumes that most nest predation is diurnal, because birds 

do not feed at night, and such tactics would have little effect on nocturnal predators. 

Roper & Goldstein (1997) rejected Skutch's hypothesis as they found that nocturnal 

mammals were the important predators in their study sites in Central Panama. 
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Another explanation for small clutches and slow development among tropical 

birds is reduced availability of food (Ricklefs 1976; Martin 1987; Thiollay 1988). 

Whilst tropical lowlands have a favourable climate year-round, food may never be 

super-abundant as is often the case in northern temperate regions during spring and 

summer. Moreover periods of prolonged rain in tropical regions may inhibit 

foraging behaviour, leading to starvation of young ( Foster 1974a, b; Bell 1982a, b). 

Thus food limitation may constrain clutch size and growth rates, whilst a favourable 

climate should permit a long breeding season, allowing more breeding attempts. In 

tropical habitats in Venezuela (Poulin et al. 1992) found that breeding season of most 

birds coincided with the highest abundance of food resources, and that arthropods 

abundance positively correlated with early breeding season of all feeding guild, 

except frugivores. 

Studies of Australian passerines to date have shown that they resemble 

neotropical birds in having long breeding seasons, relatively small clutches, slow 

developmental periods and often, low breeding success (Woinarski 1989; Robinson 

1990; Magrath et al. 2000; Zanette &t Jenkins 2000; Brooker &z Brooker 2001; Fitri & 

Ford 2003). This similarity in avian life history characteristics has been variously 

attributed to the more equable climate of Australia, its predominantly evergreen 

vegetation, and its long period (c. 30 million years) of isolation, which constrained 

opportunities for large-scale migration (Woinarski 1985; Ford 1989). Unlike the 

Northern Hemisphere, the temperate region of Australia never experiences extreme 

weather in winter, so food is always available. 

Australia is the world's largest island continent, spanning both tropical and 

South Temperate zones. Given this climatic range, variation in life histories seems 

likely. However, although nearly one-third of Australia lies in the tropics, the 

overwhelming majority of avian studies have been conducted in the temperate south 

of the continent. The lack of detailed autecological studies in the Australian tropics 

seriously hampers any rigorous comparison between tropical and temperate 

Australian birds. Indeed, Noske & Franklin (1999) showed that the only previous 

review of breeding seasons of passerines in north-western Australia (Frith & Davies 

1961) was flawed in many respects, and its often-cited conclusions, spurious. Recent 

studies suggest that the breeding seasons of passerines in this region are as diverse 
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as those of birds in the neotropics, whilst birds of temperate Australia breed mainly 

in spring and early summer, a pattern resembling that of North Temperate birds 

(Noske & Franklin 1999; Noske 2003). 

This study focused on the breeding biology of two tropical members of the 

largest genus (Gerygone) of canopy-foraging "warbiers" in Australia, whose 

temperate counterparts have been well-studied. It asks how these birds are adapted 

to the highly seasonal monsoon tropics, and how they differ in their life history from 

those temperate counterparts. Tropical gerygones are ideal subjects for such studies, 

because they are sedentary, have relatively small territories, easily-accessed nests, 

and feed exclusively on arthropods. 

1.2. The study species 

Gerygones are members of Australian warblers of the family Pardalotidae 

(Christidis & Boles 1994). McGill (1970) described Australian warblers as small-sized 

birds, mostly with dull coloration, feeding largely on insects either on the ground, 

amongst undergrowth or tree foliage. The genus Gerygone comprises 19 or 20 species, 

and is the only one of its family that ranges beyond Australia and New Guinea. To 

the west, three species occur in Wallacea and another as far as mainland South-East 

Asia, To the east, three species occur in New Zealand and islands of the south-west 

Pacific islands (Ford 1986; Higgins and Peter 2002). Four species of gerygones occur 

in the monsoon tropics ("Top End") of the Northern Territory, and three of them, the 

Large-billed Gerygone G. iliagnirostris, Mangrove Gerygone G. levigaster, and Green-

backed Gerygone G. cliloronata, coexist in the mangals (mangrove communities) of 

the region, although the last species is largely restricted to the landward edge (Noske 

1996). 

Although the gerygones are common and widely distributed, there is very little 

information on their ecology. The only species that have been studied in detail are 

the New Zealand Grey Gerygone G. igata (Gill 1982a,b; Gill 1983) and the Chatham 

Islands Gerygone G. albofrontata (Dennison et al. 1984). Gill (1982a,b) found that this 

species reproduced slowly, raising two small broods over a relatively long breeding 
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season, and suffered high rates of nest predation (by introduced mammals) and 

brood parasitism by the Shining Bronze-cuckoo Clzrijsococcijx lucidus. 

In mangals near Darwin, Northern Territory, Noske (2001) found that the 

Mangrove Gerygone suffered low breeding success (10%) as a result of a high nest 

predation rate, brood parasitism and tidal inundation. This was consistent with a 

study of artificial nest predation in the Darwin region (Fischer 2000), in which nest 

predation rates were found to be two to four times higher in mangals than in three 

other habitats (eucalypt woodland, monsoon rainforest and paperbark swamps). 

Gerygones are the sole hosts of the brood-parasitic Little Bronze-Cuckoo C. 

minutillus (Brooker & Brooker 1989a). In the Darwin region, all three mangal-

dwelling gerygone species are parasitised by this cuckoo, though most cuckoo eggs 

have been recorded in the nests of the Large-billed Gerygone (Thompson 1982; 

Noske 2001). This accords with information from Western Australia and Queensland 

(Brooker & Brooker 1989a; Johnstone 1990; Higgins & Peter 2002). Of 31 nests of 

Mangrove Gerygones in Darwin, however, 16% were parasitised by the Little 

Bronze-Cuckoo (Noske 2001), suggesting that both gerygone species were important 

hosts to the cuckoo. 

1.3. Aims of this study 

This study asks whether tropical gerygones differ in their breeding 

characteristics from their counterparts in temperate Australia and New Zealand, and 

uses the tropical-temperate paradigm, developed in the New World, as a framework 

for interpreting these differences. Special attention is therefore given to the potential 

roles of nest predation and food availability. As the sub-habitats and nests of the two 

gerygone species were so different from each other, I compared the morphology and 

breeding characteristics of the birds, and insect abundance between the two sub-

habitats. As many bird species have been found to use the barren saltflats within 

mangals for breeding (Noske 2003), I asked whether these open environments 

provided safer nesting sites than the tidal creeks, or whether insects were more 

abundant on saltflats than on tidal creeks. 
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The effect of brood parasitism can be as great as that of nest predation in 

determining reproductive success, as pairs whose nests have been depredated have a 

greater opportunity to re-nest than pairs whose nests are parasitised, due to the time 

and effort wasted in rearing the brood-parasite chick (Rothstein 1990). Gill (1982a,c) 

found a high rate (55%) of brood parasitism of New Zealand Grey Gerygones by the 

Shining Bronze-cuckoo, although only nests in the latter half of the host's breeding 

season were affected as the cuckoo was migratory. The Little Bronze-cuckoo is 

sedentary in the Darwin region (Thompson 1982). To assess the role of brood 

parasitism in the reproductive ecology of the two gerygones, it was necessary to 

investigate the breeding biology of the Little Bronze-cuckoo. 

In short, the study aimed to evaluate the relative importance of nest predation, 

brood parasitism, and food availability in the reproductive ecology of two tropical 

mangal-dwelling Australasian birds. These three themes are the subject of Chapters 

4 to 6. 

The objectives of the study, and the chapter dealing with them, were as follows. 

Compare the morphological characteristics of the gerygones, and the timing 

of moult (Chapter 2). This chapter examines interspecific and intersexual 

differences in morphology, and the relationship of the moult cycle to the 

breeding season. 

Compare the breeding biology of Large-billed and Mangrove Gerygones, 

including timing of breeding, clutch size, incubation and nestling period, and 

nest attentiveness; and compare the breeding characteristics of the study 

species with those of their temperate counterparts (Chapter 3). 

Compare nest predation rates and identify nest predators of the two study 

species, and examine the influence of nest sites and other factors on nest 

predation rates (Chapter 4). 

Compare brood parasitism rates between the two study species, and examine 

the response of both species towards the brood parasite (Chapter 5). 

Examine seasonal variation in insect abundance and biomass, and its 

relationship with the breeding seasons of the study species (Chapter 6). 
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1.4 Study Sites 

This study focuses on mangals (mangrove communities), which cover 

approximately 4,120 km2  of coast and river systems on the mainland and islands of 

the Northern Territory (Galloway 1982). This represents 35% of the total area of 

mangal in Australia. On the basis of 0.5 x 05 degree grid cells around the NT coast, 

mangal coverage is highest (over 20,000 ha) in both north-eastern Arnhem Land and 

the Darwin region. Moreover, the Darwin region has the second highest number of 

mangrove species (38) in the NT, based on species richness for 22 x 1-degree cells 

around the coast (Wightman 1989). Darwin Harbour has also been the subject of 

many studies of mangrove ecology (see review in McGuiness 2003). 

Darwin Harbour and coasts are macrotidal: the maximum range is 7.8 m; mean 

spring range is 5.5 m and mean neap range is 1.9 m (Semenuik 1985). Zonation of 

mangroves in Darwin Harbour is typical for north-western Australia, with (i) a 

narrow seaward zone dominated by Sonneratia alba; (ii) tidal creeks, with steeply 

inclined muddy banks, fringed by tall Rhizopliora stylosa and Cam ptostemon schultzii; 

(iii) tidal flats, with relatively horizontal mud surfaces dominated by Ceriops australis 

and Bruguiera exaristata; (iv) landward margin, with colluvium or muddy sand, 

dominated by C. australis and fringed by Lumnitzera raceniosa. The tallest mangroves 

are found along the tidal creek where sediment moisture content throughout the 

year is high. Mangroves become increasingly stunted across the tidal flat habitat 

from the landward margins of the forest towards the hypersaline saitfiats, which 

occur discontinuously along the boundary of the tidal flat and hinterland margin 

(Woodroofe et al. 1988). Saltflats are devoid of vegetation because of the combination 

of low moisture content and high salt content (Semenuik 1985). Such saitfiats are 

important breeding grounds for small birds (Noske 2003). 

1.4.1 Major sites 

The major study sites were located within the metropolitan area of Darwin (Fig. 

1.1): Casuarina Coastal Reserve (Rapid Creek and Tiwi) and Ludmilla Creek. 

Additional sites outside Darwin (Buffalo Creek, East Arm and Hudson Creek) were 

used only for experiments involving artificial nests. 
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Ludmilla Creek (12°23'S, 130°51'E) 

The Ludmilla mangal is enclosed by the suburbs of Ludmilla, Coconut Grove 

and Fannie Bay, yet is largely undisturbed. Tall Avicennia marina and R. stijlosa 

dominate mangals along the tidal creeks, and low A. marina around and within 

the large saltflats, near the landward edge. For practical purposes, the study area 

was divided into three sections: upper, middle and lower (mouth) (Fig. 1.2). The 

upper creek was located in Ludmilla suburb, the middle creek in Coconut Grove 

and Fannie Bay, and the lower creek partly in East Point Reserve. 

The major physical difference between the three sections was in the width of 

the main tidal channel, the upper section having only narrow creeks (1-2 in 

wide), and the lower section, a wide river as well as narrow tributaries. The 

vegetation in all three sections was dominated by A. marina, followed by R. 

stijlosa and B. exaristata. The low vegetation around the saitfiats were dominated 

by A. iiiarina, followed by C. tagal (Ferwerda, 2000). Due to the large (7 m) tidal 

range, the lower section was inundated twice daily for most of the year, while 

the upper section was inundated only during spring tides. 

The Ludmilla catchment harbours a rich fauna (Clark 1998). At least 127 

species of birds have been recorded in the catchment, although many of these 

species are not associated with mangals. Terrestrial mammal species include the 

Northern Brown Bandicoot Isoodon inacrourus and Water Rat Hydronnjs 

chrysogaster. 

Casuarina Coastal Reserve 

This reserve is located between Rapid Creek and Lee Point and contains a mosaic 

of habitats, mainly coastal monsoon rainforest, mangal, savanna, and 

anthropogenic grassland. The south-eastern boundary partly surrounds Tiwi, the 

northernmost suburb of Darwin, and the Royal Darwin Hospital. 

(a) Rapid Creek (1225'S, 13050'E) (Fig. 1.3) 

The study site in Rapid Creek was located between the suburbs of Rapid 

Creek and Alawa, and the Casuarina campus of Charles Darwin University, 

Brinkin. Guinea (1987) found 17 species of mangrove species here, but the 

dominant species was A. marina. The banks of the tidal creeks were 
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dominated by tall A.marina and R.slijlosa. Medium-sized (2-4 m) A. marina 

was also dominant in the tidal flats, and low plants (1-2 m) fringed the 

saitfiats. 

(b) Tiwi (12° 21'S, 130° 53'E) 

The relatively small mangal at this site is developed around a small coastal 

creek ('Sandy Creek'), backed by coastal monsoon rainforest. The vegetation 

on the creek is dominated by A. marina and R. stylosa, and there is only one 

relatively small saltflat near the landward edge. The site also contains a 

permanently inundated "back swamp" (ponded tidal water, mixed with 

fresh water during the west season) comprising a monoculture of tall A. 

marina. 

1.4.2 Minor (non-urban) sites 

Three sites were used for an experiment comparing the rates of nest predation 

between urban and non-urban areas. East Arm and Hudson Creek are located 

approximately 16 km from the south-eastern edge of Darwin's residential areas (Fig. 

1.1). These sites were within the extensive mangal system surrounding Darwin 

Harbour, and show typical mangal zonation (Wightman 1989; Noske 1996). 

Monospecific stands of low C. australis dominate these mangals, except along tidal 

creeks where tall R. stijlosa is dominant, with Cam ptostemon schultzii and Bruguiera 

parvijiora in lesser abundance, and in the transition zone, where B. exaristata is 

patchily dominant (CCNT/DLP&E, 1995). Saltflats are surrounded by low C. 

australis, usually with a narrow fringe of low A. marina. 

Buffalo Creek is located approximately 11 km from the northern fringes of 

Darwin's residential area. The creek is a tidal channel of approximately 5 km, and is 

one of the two tidal creeks that drain the Leanyer Swamp and Holmes Jungle Creek, 

and empty into Shoal Bay. The mangal surrounding Buffalo Creek showed typical 

zonation with A. marina and R. stijlosa on the banks of the creek and its tributaries, C. 

australis dominating the landward zone, and Bruguiera spp in the transition zone. 

The large saltflats in the landward zone were surrounded by low A. marina and C. 

australis. 
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1. 5. Climate 

Darwin is located in the monsoon tropics ("Top End") of the Northern Territory that 

experiences little daily or monthly variation in temperature or daylength. Average 

annual rainfall is 1,580 mm, and 90% of this falls during the single wet season 

(November-April). Rainfall is reliable from year to year, but there is considerable 

variation between years in the onset of the wet season and in the amount of early 

wet season rain (Taylor Sz Tulloch 1985). Winds originate from the south-east during 

the dry season (May-October), and from the north-west and west during the west 

season, when there are many storms. 

The mean minimum and maximum temperatures are 25.0C and 32.2°C in 

January, and 19.6€ and 30.4°C in July (Commonwealth of Australia, Bureau of 

Meteorology 2003). The warmest temperatures occur during the wet-dry (April) and 

dry-wet (October-November) season transition periods. The coolest temperatures 

occur during the dry season months of June and July (Fig 1.2). 
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Plate 3. Nesting habitat of Large-billed Gerygone, herein referred to as tidal creek sub-
habitat, shown at low tide (S. Manullang) 

- 
- 

.-.- 
- 

- - 

-.-.- •:: 
-- --. -  

- 

- --. - 

"77 - 

.- 

C C 

" 

Plate 4. Nesting habitat of Mangrove Gerygone, herein referred to as saltfiat sub-habitat, 
shown at low tide (R. Noske) 



Plate 5. Nests of Large-billed Gerygone, showing disused nest close to the active nest (R. 
Noske) 

Plate 6. Nest of Mangrove Gerygone in Grey Mangrove on edge of saltflut (R. Noske) 
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Plate 9. One-two day old nestling Large-billed Gerygone (R. Noske) 
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Plate 10. One-day old nestling Mangrove Gerygone (R. Noske) 



Plate 11. Egg of Little Bronze-cuckoo (bottom left) and two eggs of Large-
billed Gengone (R. lVoske) 

Plate 12. One-two day old nestling of Little Bronze-cuckoo (R. Noske) 
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Chapter 2 

MORPHOLOGY AND MOULT 

2.1 Introduction 

Ecological niches play an important role in determining the relative size of body 

parts of birds, and many studies have related morphological differences between 

closely-related species of birds to their partitioning of habitats (Karr & James 1975; 

Partridge 1976). Differences in bill dimensions between sympatric bird species, or 

between sexes, often reflect interspecific and intersexual differences in prey type 

(Schoener 1965; Selander 1966). Gaston (1974) examined morphological variation in 

28 species of warblers of the genus PIiylloscopiis (Sylviidae), and related it to 

foraging behaviour and habitat structure. He concluded that wing shape, tail length 

and tarsus length were influenced by forest type and foraging niches, but that bill 

length was not related to ecological niche in the genus, since all species obtained 

very similar types of prey. 

Keast & Recher (1997) investigated the foraging behaviour of ten species of 

Gerigwie, and found limited correlations with seven measured morphological 

attributes. They showed that gerygones were morphologically and ecologically 

homogeneous, with all species foraging in similar ways and at similar locations. 

They suggested that the extensive radiation of the genus was due to specialization 

to different habitats, and predicted that it would be disadvantageous for more than 

one species to co-occur. However, their analysis was limited to only one of the eight 

species in New Guinea, and did not include the Mangrove Gerygone. Noske (1996) 

showed that three species of gerygones were sympatric in mangals of north-western 

Australia. Moreover, in New Guinea, two or three species commonly coexist in 

lowland rainforest, and the two montane species overlap in altitudinal range 

(Beehler et al. 1986). In both Australia and New Guinea, co-occurring gerygone 

species appear to partition the habitat vertically and horizontally (Beehler et al. 1986; 

Noske 1996), much the same as do sympatric species in other insectivorous genera 

of passerines. In short, tropical gerygones are not as different to other Australian 

warbler genera (viz. Acantliiza and Sericornis) in their propensity for ecological 

specialization as supposed by Keast & Recher (1997). 
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Ford (1986) conducted a phylogenetic analysis of all 19 species of Gerygone, 

including 31 subspecies, using 30 morphological characters (although the vast 

majority concerned coloration). In both cladistic and phenetic analyses, the 

Mangrove Gerygone was very similar to the arid-adapted Western Gerygone G. 

fusca, while the polytypic Large-billed Gerygone was closest to the Yellow-bellied 

Gerygone G. clrnjsogaster of New Guinea lowland rainforests. Rootless cladograms 

suggested that the Mangrove and Western Gerygones formed a dade that included 

the Dusky Gerygone G. tenebrosa (confined to mangals of the Kimberley region), 

whereas the Large-billed and Yellow-bellied Gerygones formed a separate dade 

which included Brown-breasted Gerygone G. ruficollis of New Guinea highlands, 

and the Rufous-sided Gerygone G. dorsalis of far eastern Indonesia. Ford (1986) 

speculated that the Mangrove Gerygone evolved from arid-adapted proto-Western 

Gerygone (since 25,000 yr BP). 

In summary, the subjects of the present study appear to belong to two distantly-

related groups of gerygones, the Large-billed probably evolving from tropical 

rainforest ancestors, and the Mangrove Gerygone from a desert ancestor. That the 

Large-billed Gerygone is older than the Mangrove Gerygone is suggested by the 

proliferation of subspecies (11) of the former species throughout its range, in 

contrast to the minor differentiation of the latter species (with only three 

subspecies). 

The Large-billed and Mangrove Gerygones both occur in mangals across 

northern Australia, but they prefer different zones or habitats within mangals 

(Noske 1996). Large-billed Gerygones usually occupy tall mangroves along the tidal 

creek, while Mangrove Gerygones prefer the edges of saltpans, usually towards the 

landward edge of the mangals. The Large-billed Gerygone uses the "snatching" 

technique to obtain insects more than the Mangrove Gerygone (Noske 1996) and 

other gerygone species (Keast &t Recher 1997). Therefore, it is expected that the two 

species would show differences in their morphology. Both species are usually 

regarded as sexually monomorphic, although a recent analysis of measurements of 

museum skins (Higgins and Peter 2002) suggests some sexual dimorphism in the 
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Large-billed Gerygone. This chapter examines whether there are morphometric 

differences within and between the two study species. 

One of the important events in a bird's life cycle is moult, defined as the process 

of the replacement of the plumage (Ginn & Melville 1983). Moult is energetically 

expensive, and there is evidence that tropical species avoid moult at times of the 

year when food is scarce (Fogden 1972; Foster 1974a; Poulin et al. 1992). Breeding 

and moult generally overlap little or not at all for individuals within a breeding 

population (Levey & Stiles 1994). Most species have a distinct moult season that 

follows breeding, and in some species, the timing of moult is more regular than that 

of the breeding season (Snow 1962, 1974; Fogden 1972; Levey & Stiles 1994). Species 

showing extensive moult-breeding overlap usually have a protracted moult of 6-9 

months, which probably reduces the energetic costs of performing two energetically 

expensive activities contemporaneously (Wilkinson 1983; Levey & Stiles 1994). 

Patterns of moult have been little studied in tropical Australia. Noske & Franklin 

(1999) predicted that dry season breeders in the monsoon tropics should moult 

during the early wet season. The second section of this chapter examines the timing 

of moult in Large-billed and Mangrove Gerygones, and its relationship with 

breeding activity. 

2.2 Methods 

Mist netting was conducted at least once in each month at one or more sites, 

between April 2000 and May 2003 in order to collect morphometric and moult data 

on Large-billed and Mangrove Gerygones. One or two mist nets were erected for a 

maximum of 4 h in territories of breeding birds from April to August 2000. Only 

morphological data was recorded during this period. From October 2000, regular 

monthly banding sessions were conducted in Ludmilla Creek and Rapid Creek, 

except during 3 months in 2001 (May, August and November 2001) and two months 

in 2002 (January and February), primarily to examine moult patterns. Outside the 

breeding season, up to six mist- nets were erected for a maximum of 6 hours per 

session. In all cases nets were checked every 15 minutes. Playbacks of gerygone 

songs or chick begging calls were occasionally used to attract adults towards nets. 
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Captured birds of both species of gerygones were weighed, measured, banded 

and then released. As the smallest available colour bands were able to slip over the 

toes of gerygones, preventing them from perching (and eventually leading to their 

death), gerygones were banded with one aluminium band and one coloured 

celluloid band on each tarsus (i.e. both legs had metal bands). Anodized (coloured, 

metal) bands were used for nine birds, but because of the limited range of available 

colours, and the difficulty of distinguishing them in the field, these bands were not 

used after 2000. 

In April and May 2000, gerygones were weighed to the nearest 0.5 g  using a 

Pesola spring scale. Commencing in June 2000, weight was measured with a 

portable electronic balance to the nearest 0.1 g.  The following measurements were 

taken with calipers to the nearest 0.1 mm: bill length (bill tip to base of skull), head-

bill length, tarsus, bill width (at nostrils), and bill depth (at nostrils). Tail length and 

wing length (flattened) were measured with a ruler to the nearest millimetre. 

Measurement of wingspan (to the nearest mm) commenced in October 2000. There 

were many cases when some morphometric characters were not measured, resulting 

in uneven sample sizes. This occurred when the bird escaped before all 

measurements were taken, or it was purposely released because it seemed stressed 

(often after being badly entangled in the net). 

Richard Noske provided his data on Large-billed and Mangrove Gerygones 

banded from 1985-1994 in Palmerston (approximately 20 km from Darwin). His 

data were used for comparison in this study. 

Morphometrical data were stored in Microsoft Excel and then later analyzed 

using STATISTICA for Windows version 6.1. Intersexual comparisons were made 

with t-tests. Morphometric comparisons of the two species of gerygones were made 

using the Hotelling T2  test (Manly 1986) to see whether all variables together 

suggested a difference between species. For recaptured birds, analyses were based 

on the most recent set of measurements, since my skill at measuring birds (and 

consequently, the precision of measurements), improved over time. 
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Free-flying birds were aged according to plumage and bare part coloration, and 

categorized as adult or juvenile. Juvenile Mangrove Gerygones were easily 

distinguished from adults by having a strong lemon-yellow wash to the eyebrow, 

and sometimes the chin and throat (these parts being white on adults), as well as 

dull brown (rather than reddish) irises and a browner bill with a whitish base the 

lower mandible (Johnstone 1990; Pizzey & Knight 1999; Noske, pers. obs.). Until 

recently (Higgins & Peter 2002) the juvenile Large-billed Gerygones had not been 

described, but birds with indistinct or yellow-tinged facial markings, dull brown 

(rather than reddish) irises, and brownish bills with a pale base were considered to 

be young birds. 

Because only the female gerygone incubates (Gill 1982a; Dennison et al. 1984; 

Noske 2001), absence or presence of a brood patch was used to identify the sexes of 

adult birds captured during the breeding season. Determining the sex of birds 

outside the breeding season was more difficult because the sexes of these gerygones 

are considered similar in plumage (Pizzey & Knight 1999; Higgins & Peter 2002). 

After nine banding sessions, it was realised that male Large-billed Gerygones 

showed darker (blackish) lores than females, making a greater contrast between the 

white eye-ring and forehead spot (Y. Mulyani and R. Noske, pers. obs). This was 

used to determine the sex of captured Large-billed Gerygones, and was later 

confirmed by observations of the roles of colour-banded birds at nests during the 

breeding season. Mangrove Gerygones, on the other hand, could only be sexed 

reliably during the breeding season. 

Feather wear was checked on primary, secondary and tail feathers. The wear 

was classified as slightly worn (s), moderately worn (m), or very worn (v), or 

combinations of these categories. Moult of primaries were scored from 0 (old 

feathers) to 5 (new and full grown feathers) (Newton 1966; Somadikarta 1968; Ginn 

& Melville 1983). Primary moult was examined on one wing only, so the moult 

score of an individual bird is the sum of its individual primary scores, and ranges 

from 0 to 50. Other parts of the body (crown, forehead, nape, throat, mantle, rump, 

flank, back, wing covert, tail and tail coverts) were also examined for moult. 
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2.3 Results 

2.3.1 Morphology 

A total of 78 free-flying Large-billed Gerygones (one juvenile), and 60 Mangrove 

Gerygones (two juveniles) were banded. Of 60 adult Large-billed Gerygones that 

could be reliably sexed, 33 were male and 27, female. Of 45 adult Mangrove 

Gerygones that were sexed, 30 were male and 15 female. The proportion of unsexed 

adults was very similar for both species (22.1% and 22.4%). The sex ratio of sexed 

Large-billed Gerygones did not differ from parity (x2 = 0.42, ldf, p > 0.05), whilst 

that of sexed Mangrove Gerygones was biased towards males ( x2 = 4.36, ldf, p < 

0.05). 

Large-billed Gerygones were significantly larger than Mangrove Gerygones in 

all parameters measured (Hotelling T 2 = 255.96, F (14,74) = 15.55, p < 0.001), except 

tarsus length (Table 2.1). Relative to its weight (and overall size), the Mangrove 

Gerygone was longer-legged than the Large-billed Gerygone. The ratios of 

interspecific differences between mean bill length, bill width and bill depth were 

1.09, 1.12, and 1.14, respectively. These ratios suggest that the main difference 

between the two species in bill dimensions is in the depth and width, the bill of the 

Mangrove Gerygone being narrower and shallower than that of the Large-billed 

Gerygone. Relative tail length, expressed as the ratio of tail/wing length was 

significantly higher for the Large-billed Gerygone. 

Some morphometric measurements of gerygones differed significantly between 

the Palmerston site (data supplied by R. Noske) and the Darwin sites used in the 

present study. Large-billed Gerygones at Palmerston apparently had a longer wing 

(t = 2.53, df = 119, p < 0.05,), but shorter bill and tarsus (t = 4.97 and 10.15, 

respectively, df = 112 and 102 respectively, p < 0.01), than those measured in 

Darwin. The two populations of Mangrove Gerygones differed only in tarsus length 

(U = 87, n = 64, p < 0.01), Darwin birds being longer-legged than Palmerston birds. 
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Table 2.1 Weight (g)  and inorphoinetrics (;nm) of adult Large-billed and Mangrove 
Gerygones in Darwin, Northern Territonj 

Measurement Large-billed 
Gerygone 
(mean, SD, ii) 

Mangrove 
Gerygone 
(mean, SD, ii) 

t p 

Weight 7.30 ± 0.52 (77) 6.70 ± 0.57 (56) 6.41 0.000 

Wing length 55.50 ± 3.21 (77) 52.61 ± 2.44 (58) 5.80 0.000 

Wing span 175.3 ± 6.0 (56) 169.6 ± 6.0 (38) 4.66 0.000 

Tail length 43.21 ± 3.03 (77) 39.68 ± 2.37 (58) 7.39 0.000 

Tarsus length 19.11 ± 0.72 (76) 19.15 ± 0.80 (57) -0.21 0.837 

Head-bill length 27.97 ± 0.60 (67) 26.56 ± 0.68 (44) 11.58 0.000 

Bill length 14.14 ± 0.81 (77) 13.17 ± 0.64 (58) 7.73 0.000 

Bill width 4.05 + 0.28 (73) 3.61 ± 0.29 (52) 8.45 0.000 

Bill depth 2.78 ± 0.73(73) 2.44 ± 0.16 (52) 3.25 0.001 

Tail/Wing length 0.78 ±0.06 (n78) 0.75 ± 0.04 (n=58) 2.79 0.006 

Tarsus/ Weight' !3  9.86 ± 0.31 (n=77) 9.96 ± 1.41 (n56) -0.63 0.531 

Bill length/ Wt1/3 7.31 ± 0.42 (n=75) 6.99 ± 0.34 (n=56) 4.72 0.000 

Table 2.2 Weight (g) and inorphonietrics (nun) of adult Large-billed Gerygones. 

Measurement Female 

(mean, SD, ii) 

Male 

(mean, SD, n) 

t p 

Weight 7.05 ± 0.49 (27) 7.48 ± 0.48 (34) -3.42 0.001 

Wing length 53.62 ± 2.85 (27) 56.87 ± 2.88 (34) -4.39 0.000 

Wing span 172.1 ± 5.61 (17) 177.1 ± 5.86(23) -2.68 0.011 

Tail length 41.87 ± 1.83 (27) 44.54 ± 3.59 (34) 3.52 0.000 

Tarsus length 18.72 ± 0.41 (27) 19.43 ± 0.68 (33) -4.25 0.000 

Head-bill length 27.90 ± 0.81 (22) 28.00 ± 0.51 (29) -0.52 0.602 

Bill length 14.27± 0.94 (24) 14.20 ± 0.81 (34) 0.33 0.328 

Bill width 4.04 ± 0.41 (22) 4.10 ± 0.23 (33) -0.70 0.488 

Bill depth 2.70 ± 0.16 (22) 2.73 ± 0.21 (33) -0.62 0.537 

Tail/Wing length 0.78 ± 0.05 (27) 0.78 1  0.07 (34) -0.13 0.900 

Tarsus/Weight'!3  9.77 ± 0.31 (27) 9.94 ± 0.32 (33) -2.03 0.047 

Bill length/ Weight'/3  7.46 ± 0.46 (24) 7.26 ± 0.43 (34) 1.68 0.099 
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Male Large-billed Gerygone were significantly heavier and larger than females 

in wing length, wingspan, tail, and tarsus length, but there were no significant 

sexual differences in bill dimensions (Table 2.2). However the intersexual 

differences in tail and tarsi length disappeared when considered in relation to 

overall size and weight. 

Based on the ratio of mean values of measurements between females and males, 

Large-billed Gerygones in this study showed greatest sexual dimorphism in weight 

and wing-length (Table 2.3). Comparisons with measurements from other sources 

suggest that Darwin birds are slightly larger than populations in the Kimberley 

region of Western Australia, in all dimensions except tail length. However, Ford's 

(1983) measurements of bill width of NT specimens are substantially lower than 

those of Darwin birds (Table 2.3), suggesting some measuring bias. 

Male Mangrove Gerygones were significantly heavier and larger than females in 

wing length, wingspan, tail, and tarsus, and bill length (Table 2.4). As in the Large-

billed Gerygone, differences in tail and tarsus length disappeared when weight or 

wing-length were taken into account 

Measurements reported by other sources indicate that Darwin birds are slightly 

larger than other populations in all dimensions (Table 2.5), In addition, Darwin 

birds showed more sexual dimorphism than other populations, except perhaps in 

bill width (Table 2.5) 

2.3.2 Moult 

Large-billed Gerygones moulted their primaries from October to April, though 

there were several records of primary moult in May and June (at Palmerston) 

(Fig.2.1, 2.2). The period of greatest primary moult activity corresponded to the wet 

season, and except for February (in which the sample size was only one), shows a 

close relationship with rainfall (Fig. 2.1). The average moult score of birds in Darwin 

increased from October through January (Fig 2.2) and possibly to March, but the 

sample size in February was inadequate to determine a trend. 

20 



Table 2.3 lAv'eights (g) and inorplionietric measurements (m)ni) of Large-billed Gerygones 
(n in brackets), and ratio (%) of mean female: mean male. Sources: H&P (Higgins & 
Peter 2002), adult )M ISCUM specimnens collected from NT and WA; Ford (1983): NT or TA/A 
(Kimberley) data; Jolumistone (1990). Lower values signufti greater sexual dimorphism. 

Measurement Sample Female Male Ratio 

Weight 

Wing length 

Wing span 

Tail length 

Bill width 

Bill depth 

Darwin 

H&P 

Jolmstone (WA) 

Darwin 

H&P 

Ford (NT) 

Ford (WA) 

Darwin 

Darwin 

H&P 

Ford (NT) 

Ford (WA) 

H&P 

Darwin 

Ford (NT) 

Darwin  

7.05 ± 0.49 (27) 

6.5 ± 1.04 (11) 

5.7(7) 

53.62 + 2.85 (27) 

52.7 ± 2.01 (13) 

53.5 + 1.27 (10) 

52.7 + 1.47 (7) 

172.1 + 5.6 (17) 

41.87± 1.83 (27) 

41.2 ± 2.23 (13) 

42.2 + 1.69 (10) 

42.5 + 2.29 (7) 

18.72 ±0.61 (27) 

17.3 ±0.5 (13) 

27.90 ± 0.81 (22 

14.18 ± 0.93 (27) 

12.5 ± 0.76 (13) 

4.05 ± 0.34 (25) 

3.6 ± 0.16 (7) 

2.71 ± 0.18 (25)  

7.48 ± 0.49 (33) 

7.0 ± 0.74 (17) 

6.7 (16) 

56.80 ± 2.90 (33) 

55.0 ± 1.34 (17) 

56.6 + 0.93 (16) 

55.2 + 1.68 (17) 

177.1 ± 6.0 (22) 

43.91 ± 2.04 (33) 

43.6 ± 2.83 (17) 

44.9 + 1.45 (15) 

44.9 + 1.09 (17) 

19.42 ± 0.68 (32) 

17.5 (17) 

27.98 ± 0.52 (28) 

14.19 ± 0.82 (33) 

12.8 ± 0.53 (17) 

4.08 ± 0.22 (32) 

3.7 ± 0.14 (16) 

2.73 ± 0.22 (32)  

94.2 

92.9 

85.1 

94.4 

95.8 

94.5 

95.5 

97.2 

95.4 

94.5 

94.0 

94.7 

96.4 

98.9 

99.7 

99.9 

97.7 

99.2 

97.3 

99.2 

Tarsus length Darwin 

H&P 

Head-bill Darwin 

Bill length Darwin 

The primary moult pattern for Mangrove Gerygones was less clear, due to 

smaller sample sizes. Primary moult was greatest in the late dry-early wet transition 

period (October-November), but there was no clear relationship with rainfall (Fig. 

2.3). It may be significant that none of the 12 birds captured in March, and only two 

of the 18 caught in April-May, showed primary moult (Fig. 2.3). By contrast, all five 

birds caught in October, and two of the three in November, were in the early stages 

of primary moult (Fig. 2.4). Except for two birds in April-May, Mangrove 

Gerygones appeared to finish primary moult earlier than Large-billed Gerygones 

(cf. Fig. 2.1). 
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Large-billed Gerygones showed body moult from November to June, with no 

activity from July to October (Table 2.6). Peak months of body moult were 

November, January and May, suggesting different individuals moulting at different 

times over a 6-month interval, which may be due to the inclusion of yearlings as 

well as breeding adults. Mangrove Gerygones showed a similar trend, with peaks in 

October and (possibly) January and April, but no activity from June to September. 

Thus, neither species moulted either primaries or body feathers during the cool 

months of July and August (cf. Fig 2.1, 2.3). 

Table 2.4 Weight (g) and morphoinetrics (mm) of adult Mangrove Gerygones. 

Measurement Female Male Statistics p 

(mean, SD, n) (mean, SD, n) 

Weight 

Wing length 

Wing span 

Tail length 

Tarsus length 

Head-bill length 

Bill length 

Bill width 

Bill depth 

Tail/Wing length 

Tarsus/ Weightl/3  

Bill length/ Wt1/  

6.41 ± 0.32 (15) 

50.80 ± 1.21 (15) 

164.1 ± 3.13 (7) 

37.67 ± 2.15 (15) 

18.57 ± 0.56 (15) 

26.26 ± 0.51 (10) 

12.77 ± 0.69 (15) 

3.60 ± 0.26 (13) 

2.48 ± 0.17 (13) 

0.74 ± 0.05 (15) 

9.99 ± 0.35 (15) 

6.87 ± 0.38 (15)  

6.89 ± 0.68 (28) 

53.75±2.26(30) 

171.3 ± 5.75 (20) 

40.75 ± 2.04 (30) 

19.34 ± 0.81 (29) 

26.76 ± 0.70 (23) 

13.34 ± 0.59 (30) 

3.67 ± 0.27 (27) 

2.43 ± 0.15 (27) 

0.76 ± 0.04 (30) 

9.77+1.96 (28) 

7.02 ± 0.33 (28) 

-5.57 0.017 

-4.71 0.000 

-3.11 0.005 

-4.70 0.000 

-3.32 0.002 

-2.02 0.052 

-2.91 0.006 

-0.74 0.464 

1.04 0.305 

-1.33 0.192 

-0.44 0.439 

-1.28 0.207 
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Table 2.5 Vv'eiglits (g) and inorplionietric measurements (non) of Iviangrove Genjgones (n 
in brackets), and ratio (%) of mean female: mean male. Sources: H&P (Higgins & Peter 
2002), adult museum specimens collected from NT and WA; Ford (1983): NT or IA/A 
(Ku)iherley) data; Jolinstone (1990). Lower values signify greater sexual diinorplusin. 

Measurement Sample Female Male Ratio 

Weight Darwin 6.41 + 0.32 (15) 6.89 ± 0.68 (28) 93.1 

H&P 5.9 ± 0.59 (18) 6.4 ± 0.94 (37) 92.2 

Johnstone (WA) 5.5(8) 5.6(24) 98.2 

Wing length Darwin 50.80 ± 1.21 (15) 53.75 ± 2.26 (30) 94.5 

H&P 50.7 ± 1.45 (19) 52.7 ± 1.59 (26) 96.2 

Johnstone (WA) 50.2(8) 52.5 (24) 95.6 

Wingspan Darwin 164.1 ±3.13 (7) 171.3 ±5.5  (20) 95.8 

Tail length Darwin 37.67 ± 2.15 (15) 40.75 ± 2.04 (30) 92.4 

H&P 38.1 ± 1.84 (19) 40.0 ± 1.92 (26) 95.3 

Johnstone (WA) 35.6(8) 38.4 (24) 92.7 

Tarsus length Darwin 18.57 ± 0.56 (15) 19.34 ± 0.81 (29) 96.0 

H&P 17.2 ± 0.72 (19) 17.7 ± 0.86 (26) 97.2 

Johnstone (WA) 16.3(8) 16.8 (24) 97.0 

Head-bill Darwin 26.26 ± 0.51 (10) 26.76 ± 0.70 (23) 98.1 

Bill length Darwin 12.77 ± 0.69 (15) 13.34 ± 0.59 (30) 95.7 

H&P 11.4 ± 0.94 (18) 11.7 ± 0.67 (26) 97.4 

Johnstone (WA) 12.1(8) 12.4 (24) 97.6 

Bill width Darwin 3.60 ± 0.26 (13) 3.67 ± 0.27 (27) 98.2 

H&P 3.0 ± 1.49 (6) 2.9 ± 0.14 (18) 1.03 

Johnstone (WA) 3.1(8) 3.3(24) 93.9 

Bill depth Darwin 2.48 ± 0.17 (13) 2.43 ± 0.15 (27) 102.3 
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Figure 2.2 Primary moult scores (1-50) of Large-hilled Gerijgones in Darwin and 
Palmerston niangals (R. Noske, unpublished data), plotted by month (n = 31 and 
18 respectively). 
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Figure 2.1 Monthly percentage of captured Large-hilled Genjgones showing primary moult 
scores of 1-49 in Darwin, combining years 2000-2003 (n = 88) and average 
total rainfall (mm) (data from Bureau of Meteorology Darwin 2003, covering 
years 1941-2003) 
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Figure 2.3 Mon tidy percentage of captured Mangrove Gerygones showing primary inoul t 
scores of 1-49 in Darwin, combining years 2000-2003 (n = 66) and average 
total rainfall (nnn) (data from Bureau of Meteorology Darwin 2003, covering 
years 1941-2003) 

Figure 2.4 Priniarij moult scores of Mangrove Gerygones in Darwin and Palnierston 
plotted by mont/i (n=16 and 3, respectively) 
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Table 2.6 Number of individuals of Large-billed Gerygone and Mangrove Gerygones with 
body moult in each month (n= number birds captured) 

Month Large-billed Gerygone Mangrove Gerygone 

% n % n 

January 50 12 50 2 

February 100 1 0 1 

March 27.3 11 8.3 12 

April 30.8 13 22.2 9 

May 57.1 7 11.1 9 

June 18.2 11 0 4 

July 0 4 0 1 

August 0 3 0 12 

September 0 7 40 5 

October 0 8 60 5 

November 57.1 7 33.3 3 

December 75 4 0 3 

2.4 Discussion 

2.4.1 Morphology 

Except for the tropical Fairy Gerygone (G. palpebrosa) and temperate Chatham 

Island Gerygone (G. albofrontata), all Australian and New Zealand gerygones are 

described as sexually alike (Higgins & Peter 2002). The present study revealed that 

the Large-billed Gerygone shows slight sexual dimorphism in plumage, with males 

having black (rather than grey) lores, and whiter frontal spots than females. This 

parallels the situation in the Fairy Warbler, in which males have black lores and chin 

(extending over the throat in northern birds), contrasting with white frontal spots 

and white moustachial stripes; while females lack black parts, having greyish lores 

and a white throat. Sexual dichromatism in these two species may indicate greater 

sexual selection among tropical rainforest gerygones. 

Like Ford (1983), Higgins & Peter (2002) noted that male Large-billed Gerygones 

were larger than females. Their analyses of museum skins show that males of the 

nominate race (Northern Territory and Western Australia) have significantly longer 
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wings and tail than females, but they found no significant sexual differences in 

tarsus length or adult weight. Interestingly, data from the literature indicate that 

Large-billed Gerygones from Northern Territory are slightly longer-winged and 

heavier than Kimberley birds (Table 2.3), although such apparent differences may 

be due to error arising from disparities in measuring techniques and precision 

between observers. Differences in mensural characters between the Palmerston and 

Darwin populations may represent systematic errors due to different measurers, or 

sampling error, but it is believed that such errors were minimal considering that the 

n-ieasurers were trained by and included the same person (R. Noske). As there were 

fewer Mangrove Gerygones at the Palmerston site than in the Darwin sites, due to 

fewer and smaller saltflats (Noske pers. comm.), it is conceivable that the relatively 

short bill and tarsus of Large-billed Gerygones in Palmerston is a response to 

reduced competition for small insects and saltflat substrates from Mangrove 

Gerygones. However it is puzzling that the wings of Palmerston birds showed the 

reverse trend, being longer, rather than shorter, than Darwin birds. 

Ford (1981) reported that male Mangrove Gerygones were slightly larger than 

females. Higgins & Peter (2002) noted that in the nominate (monsoon-tropical) race, 

adult males had longer wings and tails than adult females, but warned that this was 

not so apparent in populations from NT and northwest Queensland as in the WA 

populations. Indeed Ford's (1981) data show significant sexual differences in three 

of five morphological characters measured on Kimberley specimens, but none for 

specimens from the NT. However, measurements in this study demonstrated that, 

in most characters, Darwin (NT) birds showed more sexual dimorphism than WA 

specimens (Table 2.5). As for the Large-billed Gerygone, measurements of 

Kimberley specimens of Mangrove Gerygones were lower than those from NT 

specimens in all characters except tarsus length, suggesting that WA birds are 

relatively small (Table 2.5). It is also noteworthy that Mangrove Gerygones from the 

Darwin and Palmerston populations apparently differed only in tarsus length. 

Considering that the tarsus was the only dimension in which this species did not 

differ from the Large-billed Gerygone, the apparently short tarsus of Palmerston 

birds (relative to Darwin birds) is consistent with the above hypothesis of greater 

interspecific competition from Large-billed Gerygones, due to there being relatively 

few Mangrove Gerygones at Palmerston. However given the smaller sample size of 
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Mangrove Gerygones at Palmerston than at Darwin, and the possible effects of a 

skewed sex ratio, this apparent local morphological variation may be due to 

sampling error. 

In the present study, Mangrove Gerygones showed sexual dimorphism in more 

mensural characters than did the Large-billed Gerygone. Moreover, the extent of 

sexual dimorphism in Mangrove Gerygones was greater than that in Large-billed 

Geygones in all characters except tail length and bill width (Table 2.3, 2.5). The 

percentage similarity between the sexes in weight was 94% for the Large-billed 

Gerygone and 93.1% for the Mangrove Gerygone, and in wingspan, 97.2% and 

95.8%, respectively. Only bill width and depth did not differ between the sexes of 

the Mangrove Gerygone, and bill depth was the only character in which the female 

showed a tendency to be larger than the male. Relative to their overall size, 

therefore, females possessed a deeper, more robust bill than males. 

The significance of greater sexual dimorphism in Mangrove Gerygones cannot 

be assessed without data on foraging behaviour. It is conceivable that male and 

female Mangrove Gerygones forage in slightly different ways, or that the task of 

constructing the nest requires that females possess a relatively robust bill. 

Alternatively, the insects of saitfiats may be less diverse, so that the optimal bill size 

is identical for both sexes. 

2.4.2 Moult 

Although the moult data for gerygones in this study were fragmentary, they 

suggest that both species showed greatest moult activity during the wet season. This 

coincides with a period of minimal breeding activity (see Chapter 3), yet there is 

overlap between moulting periods and the second breeding pulse of both species 

(Fig 2.5, 2.6). Primary moult began during the second peak of egg-laying for both 

species, so flight feather moult may have been well-advanced when adults had 

fledglings. Despite a bimodal breeding season in both species (Chapter 3), there is 

little evidence of a second peak in primary moult coinciding with the first breeding 

pulse. 
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Figure 2.5 The timing of primarij moult of Large-billed Gerygone, compared with its 
breeding season (data from 2000-2002 breeding seasons) 
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Figure 2.6 The timing of primarij moult of Mangrove Gerygone, compared with its breeding 
season (data from 2000-2002 breeding season) 

There was some evidence that the timing of moult differed between the two 

species. The earliest sign of primary moult among Large-billed Gerygones was in 

October, whereas on Mangrove Gerygone s showed primary moult in September, 

and the average primary moult score in October was slightly higher in the latter 

species. More significantly, after a hiatus during the mid dry season, body moult 

was first recorded in September in Mangrove Gerygone, but not until October in 
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Large-billed Gerygone. These data suggest that Mangrove Gerygones moulted 

somewhat earlier than Large-billed Gerygone, consistent with the timing of the 

second breeding pulses of the two species (Chapter 3). In addition, the total lack of 

primary moult among 12 Mangrove Gerygones in March suggests that most birds 

had completed primary moult in February or earlier. Moreover, body moult 

apparently ceased a month earlier in this species than in Large-billed Gerygones. 

Assuming that individuals with primary moult in April-May were yearlings, we 

might tentatively conclude that Mangrove Gerygones finished moult earlier than 

Large-billed Gerygones. 

From an analysis of museum specimens, Higgins and Peter (2002: 382) 

concluded that moult of primaries in Large-billed Gerygones occurred over much of 

the year, but that its timing was unclear: "... some start moult of primaries before 

the onset of the wet season, while others start moult of primaries towards the end of 

the wet season". Of 30 specimens collected from February to July, 17 had all 

primaries new; whereas nearly all of the 27 collected in from August to November 

had all worn primaries. These trends are not consistent with those of the present 

study, as Large-billed Gerygones in Darwin had a mixture of new and worn 

primaries (i.e. active moult) from October to March. 

For Mangrove Gerygones, Higgins & Peter (2002: 357) concluded that "the 

timing of moult of primaries varies, but often starts just before the wet season 

(October-November) or sometimes not till late in, or after, wet season". They noted 

active moult of primaries on nominate specimens in September through November 

(5 of 7 birds) with primary scores from 14 to 45, respectively. These observations are 

remarkably consistent with those of the present study. Moreover, 28 of 31 birds 

collected during March-August had all primaries new, further indicating that 

Mangrove Gerygones rarely moult during the breeding season. 

The moulting patterns of nectarivorous Australian passerines are better 

understood than those of insectivores. Ford (1980) examined moult records for 16 

species of honeyeaters in South Australia, and found that primary moult occurred 

mostly during late spring and summer (October to March), peaking in December, 

and following the major breeding season, July-November. There was some overlap 
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between the moulting period and breeding seasons, but Ford (1980) found no 

evidence for simultaneous breeding and moulting. In Victoria, Paton (1982a) 

showed that individual New Holland Honeyeaters Pliylidoni,ris  novaeliollandiae took, 

on average, 106 days (over three months) to replace all their primaries, and body 

feathers were replaced throughout the year, but mainly during summer (as for the 

primaries), and least during breeding. Breeding and moult were usually mutually-

exclusive, and several females arrested their moult while breeding over the autumn 

(February-April). Juveniles replaced primaries at a slower rate than adults (Paton 

1982b). 

Several authors (Snow & Snow 1964; Ward 1969; Fogden 1972) have 

emphasized the importance of the nutritional condition of tropical birds in 

determining their breeding seasons. Fogden (1972) showed that most species in 

equatorial Borneo begin to moult soon after successful nesting, and finish moulting 

prior to the short lean period (November) when insects were scarce. Yet moult-

breeding overlap is well-known for New World and African tropical birds (see 

Foster 1974b). 

The moult patterns of birds in the Australian monsoon tropics are known for 

only a handful of species. Among granivores in the savannias, Tidemann & 

Woinarski (1994) found that moult began after breeding in the mobile Gouldian 

Finch Enjtlirura gwildiae, but there was extensive overlap between breeding and 

moult in the more sedentary Long-tailed Finch Poepitila acuticauda. The rainforest-

specialised Rainbow Pitta Pitta iris moulted its primaries from February to May, 

following its breeding season (November to May) (Zimmermann 1997). In Darwin, 

Rufous-banded Honeyeaters Conopopliila aihogularis in Darwin nested in most 

months of the year, but virtually ceased breeding while moulting in June and July 

(Noske 1998). In the mangals of Darwin, Red-headed Honeyeaters Myzoinela 

erythrocepliala moulted their primaries mostly during October and November, at the 

end of their (strictly) dry season breeding period (Noske 1996, unpublished data). 

These studies suggest that moult and breeding rarely overlap in either insectivorous 

or nectarivorous birds of the monsoon tropics. 
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Noske & Franklin (1999) predicted that dry season breeders should moult 

during the wet season, a prediction supported by the present study. Large-billed 

Gerygones moulted mostly during the wet season, and primary moult of both 

species began during the second breeding pulse. Whilst this suggests moult-

breeding overlap, it is not clear whether the earliest-moulting individuals had 

finished breeding or were non-breeding yearlings from the first breeding pulse. 

Additional data on the moult of known-age birds are required for a better 

understanding of moult patterns in the study species, and its relationship to 

breeding. However it is noteworthy that there was little evidence of moulting after 

the first breeding pulse, and body moult virtually ceased during the cool mid-dry 

season. Whether this is due to lack of food (see Chapter 6), climatic factors, or 

simply phylogenetic inertia remains to be resolved. 
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Chapter 3 

BREEDING BIOLOGY 

3.1 Introduction 

3.1.1 The tropical-temperate paradigm 

It is widely accepted that tropical and temperate birds differ dramatically in their 

life history characteristics. Tropical birds are said to have longer breeding seasons, 

smaller clutch sizes, longer incubation periods, slower developmental rates and 

higher nest mortality, as well as higher adult survival, than their temperate 

counterparts (Lack 1947, 1968; Skutch 1949; Ricklefs 1969, 1980; Fogden 1972; 

Kulesza 1989; Dhondt et al. 2002; Stutchbury & Morton 2001; Martin 2002). 

However, the validity of the tropical-temperate comparisons has been questioned 

(Karr et al. 1990; Martin 1996; Geffen & Yom-Tov 2000a). Martin (1996) reviewed the 

evidence for some of these generalizations and found it equivocal, as many 

comparisons of temperate and tropical birds included species that were 

phylogenetically unrelated. Moreover, much of the work in this field compared 

oscine-dominated North America with suboscine-dominated, neotropical Central 

and South America. Yet recent empirical studies support the early studies (Robinson 

et al. 2000; Martin et al. 2000b; Stutchbury & Morton 2001). 

In Australia, studies have revealed that Australian passerines are more similar 

to neotropical birds in their life history characteristics than to those of the North 

Temperate region (Ford 1989; Woinarski 1989; Rowley & Russell 1991; Russell 2000; 

Macgrath et al. 2000). Within Australia, life history comparisons have focused on 

the differences between passerines belonging to the ancient endemic (Gondwanan) 

assemblage (parvorder Corvida) and those that have arrived relatively recently 

from South-east Asia (parvorder Passerida). Yom-Tov (1987) showed that the mean 

clutch size of the latter group was significantly larger than that of the former. Geffen 

& Yom-Tov (2000b) also concluded that the nestling (fledging) periods of the "new 

arrivals" are longer than those of the "old endemics". The incidence of cooperative 

breeding or nest helping, atypically high in Australian passerines, is confined to the 

old endernics (Russell 1989). However, the tropical-temperate passerine paradigm 
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has never been tested within Australia, despite the latitudinal depth of the 

continent, one-third of which lies within the tropics. 

Do Australian passerines in the tropical north have longer breeding seasons, 

smaller clutches, longer incubation periods, slower developmental rates, and higher 

nest mortality than their sub-tropical and temperate counterparts in the south? 

Yom-Tov (1987) concluded that there was no significant geographic variation in 

breeding seasons in Australia, and further claimed that the breeding season was 

shortest in the highly seasonal Torresian zone (corresponding to the monsoon 

tropics of north-western Australia). In striking contrast, Noske & Franklin (1999) 

found that the breeding season of passerines in the latter region was longer (in 

terms of equally good months for breeding) than that of any bird fauna reviewed by 

Wyndham (1986) in his global analysis of breeding seasons. This long season was 

partly due to the pooling of species with very diverse breeding seasons, a 

characteristic shared with neotropical birds (Stutchbury & Morton 2001). 

Nevertheless, in Darwin, Northern Territory, the Rufous-banded Honeyeater 

Conopophila albogularis nested in all months except June, albeit mainly from August 

to April (Noske 1998a). 

If breeding seasons can vary so dramatically between tropical and temperate 

Australia, then other life history parameters might also differ. Yom-Tov (1987) 

found a weak, but non-significant, increase in mean passerine clutch size with 

latitude in eastern Australia (from 2.18 in North Queensland to 3.03 in Tasmania), 

but the tropics is rich in finch species, and Yom-Tov's analysis shows that this 

family has a significantly larger clutch size than do other passerine families. 

Marchant (1974, 1984) and Marchant & Fullagar (1983) failed to find latitudinal 

variation in clutch size among three species in eastern Australia. Woodall (1994), 

however, found that the mean clutch size of Noisy Pittas Pitta versicolor in the 

northern parts of their range was significantly lower than that of populations 

further south. Tarburton (1993) reported that the clutch size of Welcome Swallows 

Hirundo neoxema was significantly larger in New Zealand than in Australia. Yom-

Tov (1987) found no significant geographical variation in incubation periods within 

Australia, but his analysis was mostly based on unreliable secondary sources, and 

as Noske (1998a, 2001) pointed out, much of the information on breeding of tropical 
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Australian birds represents little more than guesswork. Indeed, using data from 

secondary sources, Geffen & Yom-Tov (2000a) concluded that incubation and 

nestling periods did not differ between the tropical and temperate regions, while 

Martin (2002), using empirical data, showed that incubation periods in South 

America were significantly longer than in North America. 

Skutch (1949) proposed that high nest predation in the neotropics constrains the 

rate at which parent birds can deliver food to their young, and thereby constrains 

clutch size by limiting the number of young that parents can feed. Skutch's 

hypothesis was partly supported by Martin et al. (2000b), who monitored over 1,000 

nests in subtropical Argentina and over 7,000 nests in North temperate Arizona. In 

both continents, increased parental activity incurred greater nest predation, and 

species with high feeding rates to young had higher daily nest predation rates. 

Moreover, clutch size was positively related to the rate at which parents delivered 

food to their young, as well as to nest predation rates. However, whilst clutch size 

was much lower in Argentina than in Arizona, parents in Argentina delivered food 

to nestlings at a higher rate and did not experience higher nest predation than their 

North temperate counterparts. Thus,while Skutch's hypothesis was supported 

within a region, it does not explain why south temperate birds (including Australia) 

have such small clutches (Martin et al. 2000a). Nevertheless, Stutchbury & Morton 

(2001) argue that Skutch's hypothesis may still apply to comparisons between North 

Temperate regions and tropical regions, because nest predation is generally much 

higher in the tropics and, visitation rates, much lower in the tropics (1-2 

trips/ h/ nestling) than Martin et al. (2001) found in Argentina (2-11 

trips/h/nestling). 

Species breeding in cold environments spend less time off the nest to prevent 

eggs from cooling to temperatures below physiological zero. These species must 

compensate for shorter off-bouts by taking more of them (thus shorter on-bouts) to 

obtain needed energy for incubation. Thus feeding bouts off the nest (off-bouts) are 

short, forcing birds to take more of them, which in turn, reduces the duration of 

incubation bouts (on-bouts). However, shorter off-bouts and on-bouts result in 

frequent trips to the nest, which may increase the risk of detection by nest predators. 

Species nesting in environments with high nest predation should evolve an 
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incubation strategy that minimizes activity that could attract predators. Reduced 

activity at the nest can be achieved by increasing the duration of both on-bouts and 

off-bouts (Conway & Martin 2000a,b). However, such a strategy slows down embryo 

development and prolongs the incubation period, which itself increases exposure to 

nest predation. This paradox is particularly evident in the tropics and southern 

continents where nest predation rates are typically high, yet incubation periods are 

often longer than in the North temperate Temperate region (Ricklefs 1969; Woinarski 

1985; Woinarski 1985; Martin 1996, 2002; but see Geffen and Yom-Tov 2000a). 

Martin (2002) proposed a new theory based on age-specific mortality to resolve 

the paradox of long incubation periods and high nest predation rates in the tropics. 

He argued that parents of species with low adult mortality, such as those in tropical 

and southern continents (Snow 1962; Fogden 1972; Snow & Lill 1974; Willis 1974; Bell 

1982a,b; Rowley & Russell 1991; Yom-Tov et al. 1992), should accept increased risk of 

mortality to their young from longer incubation periods if this allows reduced risk of 

mortality to themselves. During incubation parents can reduce risk of mortality to 

themselves by reducing nest attentiveness, and indeed, Martin showed that nest 

attentiveness was lower in South America than in North America. Moreover, parents 

of southern species were less willing to feed their young and risk their own mortality 

when faced with an adult predator (Ghalambor & Martin 2001). In short, Martin 

(2002) argued that northern species should react more strongly to reduce risk to their 

offspring, whereas southern (and tropical) species should react more strongly to 

reduce risk to themselves. 

3.1.2 Breeding biology of gerygones 

Noske (2001) showed that Mangrove Gerygones in the Darwin region of the 

Australian monsoon tropics had a much longer breeding season, a somewhat smaller 

clutch size and possibly lower breeding success than their congeners in temperate 

south-eastern Australia. These differences parallel those between North Temperate 

and neotropical birds. No detailed study of the Large-billed Gerygone has hitherto 

been conducted, but it appears to have an even longer breeding season than the 

Mangrove Gerygone (Noske & Franklin 1999), and assuming its tropical rainforest 

origins (see Chapter 2), may be expected to show other "tropical" characteristics. 
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Two South Temperate species, the New Zealand Grey Gerygone G. igata and 

Chathams Islands Gerygone G. albofrontata, have been well-studied, and provide a 

latitudinal contrast with the study species. 

Noske (2001) noted that most nests of Mangrove Gerygones were built in plants 

around the edge of saltflats, or in isolated plants towards the middle of saltflats or on 

foreshore mudflats. He speculated that the placement of nests in isolated plants was 

a strategy to prevent access to nests by arboreal predators, especially during times of 

high tides. Nesting in isolated plants that are stunted due to hyper-salirie conditions 

has its disadvantages, however, as low nests may be inundated by tides. Despite 

usually building in the top third of the nest plant, Mangrove Gerygones sometimes 

lose their nests to tidal flooding (Noske 2001), although not as often as does the 

Brown Honeyeater Licliniera indistincta, which usually nests in the lower half of the 

nest plant (Franklin & Noske 2000). Therefore, I predicted that low nests would 

suffer greater losses from flooding or nest predation than those that were higher or 

better hidden. 

In contrast to the Mangrove Gerygone, the nests of Large-billed Gerygones are 

large, bulky and conspicuous constructions. They are frequently built over forest 

streams or lagoons, where they resemble flood debris, a habit earning the species the 

name of "flood bird" (Le Souef 1903; Campbell & Barnard 1917; White 1917; 

MacGillivray 1918; Thompson 1935; McGill 1970; Beruldsen 1980). In this respect it 

resembles the largely tropical Bar-breasted Honeyeater Ranisaijornis fasciatus, which 

invariably suspends its large, domed nest, composed of paperbark, over water in 

paperbark swamps. Immelmaim (1961) proposed that over-water nesting was an 

adaptation to avoid nest predators that avoid water, but this hypothesis has never 

been tested. On the other hand, such large conspicuous nests in open spaces might 

also attract diurnal nest predators, or if close to the water, risk flooding. 

Another unusual characteristic of Large-billed Gerygones, at least in mangals of 

the Darwin region, is their propensity to build new nests close to old nests, forming a 

loose cluster of two to four nests (R. Noske, pers. comm.; Y. Mulyani, pers. obs.). 

Such clusters may conceivably be a strategy to confuse nest predators or adult 
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predators (Collias & Collias 1984), but might also simply signify that suitable nest 

sites are limited. 

3.1.3 Aims and hypotheses 

In this chapter, I examine the reproductive biology of the predominantly tropical 

Large-billed and Mangrove Gerygones, and compare it with that of the South 

Temperate species and pertinent data available for other Australian gerygone 

species. Given its tropical distribution, the Large-billed Gerygone (like the Mangrove 

Gerygone) should have longer breeding seasons, smaller clutches, and longer 

incubation and nestling periods than its southern congeners. Mangals of the Darwin 

region represent a high nest predation environment (Fischer 2000). Predation rates of 

artificial nests in the Darwin region were two to four times higher in mangals than in 

other habitats (Fischer 2000), and Noske (2001) reported low breeding success among 

Mangrove Geryones near Darwin. According to the above arguments, Large-billed 

and Mangrove Geryones should exhibit lower nest attentiveness, longer on- and off-

bouts and lower nest visitation or feeding rates than species experiencing less nest 

predation. 

According to the hypotheses stated above, I predicted that: 

nests of Mangrove Gerygones in isolated plants on saltflats would suffer less 

predation than those on the edge of the saltflats, due to the avoidance of a 

broken canopy by arboreal nest predators; 

nests of Large-billed Gerygones suspended directly over frequently flooded 

tidal charmels should suffer less nest predation than those further away 

because nest predators might avoid water; 

low nests of either species should suffer greater losses from tidal flooding, due 

to the negative relationship between risk of flooding with nest height; 

nests of Large-billed Gerygones in clusters should suffer less predation than 

solitary nests, because clumped nests might confuse nest predators. 

Some of these predictions (1-3) were also tested experimentally using artificial nests 

(see Chapter 4). 
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3.2 Methods 

3.2.1 Nest cycles and success 

Intensive searching for, and monitoring of, nests of both species of gerygones, 

were conducted during the 2000, 2001 and 2002 breeding seasons, with some 

additional data collected in early 2003. For Mangrove Gerygone, nest searches were 

conducted principally around saltflats and other clearings within mangals, as this 

species favours such habitat (Noske 1996, 2001), at least for nesting. About 50% of 

the nests of Mangrove Gerygones were found by locating singing birds and 

following them to their nests (or by searching the vicinity of such birds), while the 

remainder was found by systematic examination of small trees and shrubs on the 

periphery of, or within, the saltflats. The nests of Large-billed Gerygones were larger 

and more conspicuous than those of the Mangrove Gerygone, being suspended, 

rather than built within the foliage of mangroves. Consequently almost all nests of 

Large-billed Gerygones were found by systematic searches along the margins of 

tidal creeks, the preferred habitat of this species locally (Noske 1996), as well as the 

permanently inundated A. man un-dominated mangal at Casuarina Coastal Reserve. 

Searches were conducted in more or less similar creek sections every year on both 

Ludmilla Creek and Rapid Creek. Exceptions were: 

Hospital swamp (Casuarina Coastal Reserve), where intensive searches started in 

late 2000. 

Eastern side of Ludmilla Creek (Kulaluk), where searches ceased after March 

2001 as this area was less accessible than more productive sites. 

Nightcliff foreshore, where many breeding pairs of Mangrove Gerygones 

occupied the low A. marina behind the extensive muflats of Kaluluk Bay. At least 

two breeding pairs of Large-billed Gerygones also inhabited the dense R. stylosa-

dominated mangal behind this zone. 

Each nest found was given a unique code number on blue (1999 to 2002), red (2001) 

or pink (2002) flagging tape placed at least 5 m from the nest. Nest contents were 

confirmed by inserting a finger into the nest chamber (1999 and 2000) and also by 

using an inspection or dental mirror, and a pencil torch (2000 to 2003). These 

methods were reliable for determining numbers of eggs, but not for the number of 
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nestlings. In easily accessed nests only, nestlings were extracted by holding the neck 

with two fingers. Less accessible nests were watched for up to 20 min to identify the 

stage of breeding. Before inserting my fingers into the nest chamber, I rubbed my 

hands against foliage and bark of surrounding vegetation to minimize human odour. 

Nest fate was classified as one of the following: 

1 Depredated: egg or nestling missing prior to the expected date of hatching or 

fledging, not after high tide or severe weather. Signs of nest damage might 

have been noted. 

Flooded: nest saturated or dried and stiff with hood collapsed, usually 

following a high spring tide. 

Abandoned: nest unattended (no adult activity for more than 40 mm) prior to 

expected date of hatching or fledging, with eggs or dead nestling(s). Ants 

were sometimes inside nest chamber. 

Disappeared: nest gone, possibly due to drift by tide, storm or strong wind. 

Unknown fate: active intact nest whose fate was unknown, either because it 

was not followed to completion or the nestling(s) disappeared close to 

expected fledging time, but no sign of fledgling(s). 

Unconfirmed status: nest whose status was unknown, either because of its 

inaccessibility (too high or over a deep or wide tidal channel) or because it 

was found empty when first checked (subsequent to its discovery). 

3.2.2 Clutch size, incubation and nestling periods and growth rates 

Clutch size was determined only from accessible nests that were found with 

eggs. Nests that were depredated, damaged, or abandoned during the laying period 

were not included in calculations of clutch size. Clutch size (C) was recorded when 

the same number of eggs was counted on two visits of more than 48 h apart. 

Assuming that Little Bronze-cuckoos removed one egg before laying their single egg, 

any cuckoo egg found in the nest was counted as part of the clutch, i.e. two gerygone 

eggs and one cuckoo egg was recorded as C3. 

Nests were generally monitored every 2-7 days, depending on their status and 

accessibility. Whenever possible, nests with eggs or nestlings of known age were 



checked daily towards the end of the incubation or nestling period to obtain a more 

precise estimate of the duration of that period. To determine the dimensions of eggs 

(maximum length and width, to nearest mm), I measured eggs mostly from 

abandoned nests. One fresh clutch of Mangrove Gerygones and two clutches of 

Large-billed Gerygones were also measured from easily accessed nests. 

To determine growth rates, I weighed the nestlings from easily accessible nests 

using electronic balance to the nearest 0.1 g,  and also measured the length of 

exposed culmen, the length of the fourth primary, the length of tail and the length of 

tarsus to the nearest 0.1 mm using a caliper. To minimize disturbance and the risk of 

premature fledging, measurements were taken at intervals of 2-3 days and 

concluded when the estimated age of the nestling(s) was 12 days. 

3.2.3 Nest site characteristics 

I recorded the species of nest tree and measured nest and plant height using a 

metal tape- measure up to 2 m from the ground. Heights of nests between 2-5 m 

were estimated to the nearest 0.2 m and heights over 5 m were estimated to the 

nearest 0.5m. For Mangrove Gerygone nests, distances of nests to the saitfiat edge 

and to the nearest tree, and the crown diameter were measured by using a tape-

metre. For Large-billed Gerygone nests, distance to creek was measured using a 

tape-metre. Commencing in 2002, I also estimated the visibility of nests from four 

compass directions from a fixed distance of 5m in 4 percentile classes. Dimensions 

of nest characteristics were measured only after the nests had been depredated or 

vacated naturally to minimize disturbance to the breeding birds. For nests that were 

still in good condition, I measured total nest length, chamber diameter, and entrance 

width. In addition, for Large-billed Gerygones, I noted the number of old nests 

within a radius of 5 m from the active nest. 
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3.2.4 Nest attentiveness, incubation rhythm and visit rates 

To quantify nest attentiveness, incubation rhythm and visit rates at Gerygones nests, 

a total of 51 nests of Large-billed Gerygones and 52 nests of Mangrove Gerygones 

were watched for a total of 79 and 128 hours, respectively (Table 3.1). Only nests 

whose age was known or able to be estimated were watched. Each nest was watched 

for at least 50 min and up to 131 min during the incubation and/or nestling period. 

Nest attentiveness was defined as the proportion (%) of time spent in the nest 

during the incubation period (Martin and Ghalambor 1999), and was determined by 

recording the times of arrival and departure of the incubating bird. Nest activity or 

visit rate was defined as the sum of movements of birds coming to and going from 

the nest per hour (Roper and Goldstein 1997). Incubation rhythm was defined as 

the duration of intervals birds spent on the nest (on bouts) and off the nest (off bout) 

during incubation. Rates of visits to nests were recorded by observing nests using 

binoculars (10 x 42), or by installing a video camera near nests to automatically 

record activity. 

Observation of the incubation rhythm began at three days after the first egg was 

laid, or the day after a nest was found with eggs. Observation of nests during the 

nestling period began once there was a nestling in the nest or the day after a nest 

was found with nestlings. As the Mangrove Gerygone has incubation and nestling 

periods of approximately 16-17 days, and 14-17 days, respectively (Noske 2001), both 

periods were divided into three stages of 5 days duration, and nest observations 

were assigned to stages accordingly. Stages of nests that were found after incubation 

had begun or those that already contained nestlings were determined later based on 

hatching dates or fledging dates. In a few easily accessible nests, stages were 

determined by estimating the age of the nestlings from feeling their size and their 

feathers with fingers, or extracting them from the nests at the conclusion of the 

observation. 

For pairs in which one or both birds were colour-banded, the identity of the 

visitor(s) (colour-band combination) was recorded and, whenever possible, prey 

brought to the nestlings described. Initially I attempted to restrict the time of 
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observation to early mornings only, but this proved impractical, due to the 

occurrence of morning high tides in alternate weeks. Therefore, observations were 

recorded throughout the day (Table 3.1). 

Table 3.1 Number of nests and total hours of observation of Large-billed and Mangrove 
Gerygone according to time of day 

Species Nesting phase 0700-1100 1101-1500 1501-1800 Total 

hours 

Large-billed Incubation 16 27 12 44 

Gerygone Nestling 10 18 5 35 

Mangrove Incubation 35 25 12 98 

Gerygone Nestling 12 12 4 30 

3.2.2. Data Analyses 

Nest cycles and success 

Because intensive and regular monitoring was only done in 2000-2002, only nests 

found during this period were included in the analysis. Breeding season of the 

study species were defined as the months in which first eggs of clutches were laid, 

extrapolated from observations of nest contents, and/or estimated ages of nestlings, 

or fledglings, based on the average incubation and nestling periods of each species, 

and a laying interval of 48 hours. Active nests that were depredated or missing on 

the second check were excluded from analyses of breeding seasons unless egg(s) or 

nestling(s) were observed. Egg-laying dates of nests which contained nestlings on 

the second visit were estimated using a formula modified from Woodall (1994) and 

Zimmerman and Noske (2003): 

Laying date = date of record of egg - ([clutch size+incubation period]/2+1), 

or 

Date of record of nestling - ([brood size+nestling period]/2+(nestling period +1) 

To compare the length of the breeding season between species, I calculated the 

number of equally good months for breeding (Wyndham 1986; Noske and Franklin 

1999), using the formula: 



EGM= exp (- pi  Inp), 

where EGM are equally good months, and pi is the proportion of clutches that started 

in the 1th month. EGM ranges from 1, when all clutches were initiated within one 

month, to 12, when the same numbers of clutches were initiated in every month. 

Spearman rank correlations were used to examine the relationship between the 

number of fresh clutches in each month and various climatic factors (rainfall, 

temperature, and relative humidity). 

I used t-tests to examine differences in clutch size and egg dimensions between 

the two species. Variation in clutch size between years (2000 - 2002) and between 

breeding peaks was examined by using Kruskal-Wallis ANOVA. Egg volume was 

expressed as an index, calculated from the length and breadth by using formula V= 

L*B2*0.50/1000 (Hoyt 1979 cited by Zduniak and Antczak 2003), where V is volume 

(cm3), L is length (mm), and B is breadth (mm). An index of egg elongation was 

calculated as L divided by B (Zduniak and Antczak 2003). To avoid pseudo-

replication, the mean size of eggs in each clutch was used in comparisons of egg 

dimensions (Zduniak and Antczak 2003). 

The incubation period was calculated as the period between the laying and 

hatching of the last egg, and nestling period as the period between hatching and 

fledging of the last nestling (assuming it to be the same individual) (Marchant 1960; 

Noske 2001). Nestling dimensions were plotted against age (day) to describe nestling 

growth. 

Nest success was calculated as the percentage of the nests of known fate that 

produced at least one gerygone fledgling. Daily mortality rate (DMR) and daily 

survival rates (DSR) were calculated using Mayfield's method (Mayfield 1961, 1975). 

DMR was calculated as the number of failed nests/number of nest-days of exposure. 

The survival rate was 1-DMR. The sum of the laying, incubation, and nestling 

periods was used as the total observation period for each nest. For nests of known 

fate (success or failure) I used the nest-day exposure as the number of days 

calculated from the start of observation of active nests (egg or nestling) until the mid 
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point between the last visit on which the nest was active, and the first visit on which 

it was inactive. For nests of uncertain fate, the observation ended on the last day a 

nest was active (Manolis et al. 2000). In calculating the nest-days, I did not 

differentiate between parasitised nests and non-parasitised nests, because in most 

cases the laying date of the parasitic egg was unknown. Additionally, there was still 

a possibility that parasitized nests could produce gerygone fledglings. However, 

nests that produced a cuckoo fledgling only were classified as nest failures. 

Nest success was calculated separately for incubation and nestling stages. The 

sum of laying and incubation period was used as the total incubation period, and the 

sum of hatching and nestling periods was used as the total nestling period. Non-

parametric x2 tests were conducted to examine if there was any differences in daily 

survival rates during the incubation and nestling periods, and between the two 

gerygone species. 

Nest and nest site characteristics 

The visibility of nests was expressed as an index of 1 to 4, representing the four 

percentage classes, <25%, 26-50%, 51-75% and 76-100%, respectively, and tallied to 

give a relative visibility of 4-16 (Gardner 1998). 

An information-theoretic approach was used to examine the relationships of nest 

site characteristics and breeding success (Burnham and Anderson 2001). This 

approach uses Kuliback-Leibler (K-L) information to objectively identify the "best 

fit" model from a set of a r'riori  candidate models. This best fit model explains the 

maximum proportion of variance in the data, but does not include unnecessary 

parameters that can not be justified given the data (Burnham and Anderson 2001, 

2002). 

The response variable used in the analysis was FATE, with two categoric values. 

Successful nests were assigned the value of 1, and failed nests were assigned the 

value of 0. For Large-billed Gerygones, I tested whether the presence of old nests (ie. 

nest clusters) affected the probability of success of active nests using three separate 

analyses (total nests, solitary nests, and clumped nests). The explanatory variables 
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included in the analysis of total nests were nest tree species (TREE) and clumping 

(CLUMPING) as categorical predictors, total nest tree total height (TOTALHT), nest 

entrance hight (ENTHT), and distance from creek (DISTCK) as continuous 

predictors. A similar analysis was conducted for solitary nests excluding 

CLUMPING from the list of independent variables. For clumped nests, another 

variable, distance to old nests or flood debris (DISTRUB), was added as an 

independent variable. Similar analyses were conducted for Mangrove Gerygones, 

except that the explanatory variables were nest tree species (TREE), nest tree total 

height (TOTALHT), nest entrance height (ENTHT), distance to nearest tree 

(NEARTR), and distance to the edge of the saltflat (DISTSP). 

Models were fitted using generalized linear modelling (GLM) assuming a 

binomial error structure (1=success, 0= fail) with a logit link function (logistic 

regression) using R statistical package. The model sets included global models with 

all explanatory variables. Candidate models were ranked using Akaike's 

Information Criterion (AIC, Burnham and Anderson 2001) by evaluating the 

difference (As ) between the AICc for model i and the minimum AICc (Table 3.11-12). 

The larger the difference Ai the less likely that the model is the K-L best model 

among those being considered. Candidate models were considered to have 

substantial empirical support when having A :!~ 2 (Burnham and Anderson 2001, 

2002). The plausibility of each model was also ranked using A(gi I x), the likelthood 

of model gi, given the data, as well as Akaike weights (w). Akaike weights can be 

considered as the probability of model i being the actual K-L best model among 

those considered (Burnham and Anderson 2001, 2002). 

Nest attentiveness, incubation rhythm and visit rates 

Comparison of nest attentiveness and nest activity between years were not 

possible, because only a few nests were watched prior to 2002. Therefore, data from 

different years and different breeding peaks (1999-2003) were combined to attain a 

comprehensive assessment of attentiveness and incubation rhythm. Only nest 

observation of 50 min duration or more were included in the statistical analyses. 

Nest attentiveness, incubation rhythm and visit rates were calculated only for nests 

which the approximate age of eggs or nestlings was known. 
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I could not obtain enough repeated observations from the same nests to conduct 

pair wise analyses. This was because some nests were found late in their 

development, and some nests that were observed in the early stages were 

subsequently depredated. Therefore, I used the following steps to obtain the 

independent samples before performing the analysis: 

Differences between stages of incubation or nestling period (early, middle and late) 

For nests that were watched for more than one stage (resulting in dependent 

samples), I arbitrarily selected one of the stages to obtain an approximately equal 

number of samples from each stage. Test for homogeneity of variance showed 

that variances for nest attentiveness data were homogeneous and did not need 

transformation. Data concerning incubation bouts were heterogenous and were 

transformed using log (x+1). I used two-way factorial ANOVA to compare nest 

attentiveness between species and stages of incubation. Simple factorial ANOVA 

with repeated measure was used to examine whether there was any difference 

between on bout and off bout duration between species and stages of incubation 

period. 

Differences in visit rates between the incubation and nestling periods 

Sample size used for this analysis was less than that used in the analysis of data 

for nest attentiveness and incubation bouts, because only approximately half of 

the nests watched during the incubation period persisted into the nestling stage. 

Thus, to obtain a relatively balanced sample between incubation period and 

nestling periods, I excluded nests for which only incubation period data were 

obtained. Data on visit rates were transformed [log(x+1)] prior to the analysis. 
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3.3 Results 

3.3.1 Timing of Breeding 

From November 1999 to April 2003 a total of 380 breeding attempts (including 

nest building) of Large-billed Gerygone and 222 such attempts of Mangrove 

Gerygone were recorded, although not all of these nests were confirmed as being 

used, ie. eventually receiving eggs (Table 3.2). The nests with unconfirmed status 

included those that were inaccessible (too high or located over a deep channel) and 

those that had disappeared or were abandoned before the nest was completed or 

eggs laid. The sample size of nests varied between years, with the largest number 

recorded in 2001 for Large-billed Gerygone, and in 2002 for Mangrove Gerygone. 

The considerably higher number of Mangrove Gerygone nests in 2002 might be a 

result of more intensive searching due to the availability of trained volunteers. 

During the three years of regular monitoring (2000-2002) a total of 338 breeding 

attempts of Large-billed Gerygone were recorded, of which 230 were confirmed as 

active, with eggs and/or nestling(s) A total of 194 breeding attempts of Mangrove 

Gerygones were recorded, in which 160 were confirmed active. 

Table 3.2 Number of recorded nesting attempts at the Darwin study sites from November 
1999 to April 2003. Mangrove Gerijgones were not studied in 1999. 

Year Large-billed Gerygone 

All attempts Confirmed* 

Mangrove Gerygone 

All attempts Confirmed * 

1999 17 16 - - 

2000 101 69 55 51 

2001 122 76 55 42 

2002 114 85 84 67 

2003 26 16 28 23 

Total 380 262 222 183 

* Eggs, nestlings or fledglings recorded 

The final fate of 46 (20%) out of 230 confirmed breeding attempts of Large-billed 

Gerygone nests, and 22 (14%) out of 160 confirmed breeding attempts of Mangrove 



Gerygone nests were not recorded, either because nests could not be followed to 

completion or because nests were intact close to fledging time, but neither nestlings 

or fledglings were located. 

Breeding was clearly biannual in the Large-billed Gerygone, with a gap of about 

six months between breeding pulses. Large-billed Gerygones laid clutches in all 

months of the year, but there were obvious peaks in March and October (Fig. 3.1). 

Mangrove Gerygones laid clutches in eight months, from February to October, with 

peaks in March and September (Fig. 3.2). No clutch initiation was recorded for 

Mangrove Gerygones in the month of June, or from November to January. Similarly, 

few clutches of Large-billed Gerygones were started in June-July or December-

January. Despite these interspecific differences, the number of equally good months 

for breeding was nearly identical for the two species (Table 3.3). For convenience I 

categorized the first half of the year (January-June) as the first pulse (late wet-early 

dry) and the second half of the year (July-December) as the second pulse (late dry-

early wet). 

Table 3.3 Nuinherof equally good ,iionths for breeding (EGM)for Large-billed 
and Mangrove Gerygones in the Darwin region 

Year Large-billed Mangrove 
Gerygone Gerygone 

2000 6.5 6.4 

2001 6.5 6.0 

2002 5.3 5.5 

Mean 6.1 6.0 
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Figure 3.1 Estimated laying dates (biweekly) of Large-hilled Gerygones during 2000-2002 
(n= 230) and average total rainfall (inni) for the same period (data from Bureau of 
Meteorology Darwin 2003) 
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Figure 3.2 Estimated laying dates (biweekly) of Mangrove Gerygones during 2000-2002 
(n= 160) and average total rainfall (mm) over the same period data from Bureau of 
Meteorology Darwin) 
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Table 3.4 Dates of first nest building and clutch initiation estimates for the two breeding 
pulses of Large-billed and Mangrove Gerygones at major study sites from 2000 
through 2002 

Pulses Year Large-billed Genjgone Mangrove Genjgone 

Building* Laying** Building* Laying** 

First 2000 - 31 Jan 11 Mar 16 Mar 

2001 - 29Jan 17 Feb 28 Feb 

2002 26 Feb 13 Mar 25 Feb 27 Feb 

Second 2000 9 Sep 12 Sep - 10 Jul 

2001 19Sep 22Sep 4Jul 10 Jul 

2002 26 Aug 16 Sep 19 Jul 5 Aug 
* First observation of building activities (not necessarily nests with first egg) 
** Estimated date of egg laying 

There was some variation in the timing of the first nests and/or clutches between 

years (Table 3. 4; Figs. 3.1-4). In 2002 egg laying of Large-billed Gerygones was first 

recorded on 13 March, about six weeks later than in 2000 and 2001. During the latter 

period, the first eggs of this species were recorded in late January and early 

February, indicating that nest building had started in early to mid-January and early 

February in both years. Although building during the second pulse started two 

weeks earlier (late August) in 2002 than in the previous two years, the first eggs were 

not recorded until mid-September. The variation in dates for first eggs during the 

second pulse was minor (17 September ± 5 days). 

There was less variation in egg laying dates of Mangrove Gerygones than Large-

billed Gerygones during the first pulse, but breeding started latest in 2000 (Table 

3.4). The second pulse of breeding activity started latest in 2002, when the first egg 

was recorded more than three weeks later than in the previous two years. In all 

years, Mangrove Gerygones started clutches later than Large-billed Gerygones 

during the first pulse, while during the second pulse, it was the reverse. 
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Spearman rank correlation tests were used to examine whether clutch initiation 

was related to climatic factors. Clutches of the Large-billed Gerygone were not 

correlated with rainfall, but showed a slight positive correlation with maximum 

temperature (r5  = 0.47), minimum temperature (r = 0.37) and morning relative 

humidity (r = 0.34, p < 0.05). Clutches of the Mangrove Gerygone showed no 

correlations with climatic factors (p > 0.05). Within years, there were no significant 

difference in the number of clutches between the first and second pulses in either the 

Large-billed Gerygone (Mann-Whitney LI-test, Z= -1.09, p > 0.05) or Mangrove 

Gerygone (Z= -0.44, p > 0.05) (Fig. 3.3-4). 

3.3.2 Nest building behaviour and re-nesting 

Large-billed Gerygones built new nests or refurbished old nests before laying. 

The earliest stage of nest building that I observed was a pile of hanging fibers mixed 

with lichens of about 20 cm long and 5 cm thick (#P0901-2) on 21 August 2002. The 

birds kept adding nest materials, and the chamber was built last. On 7 September 

2002 the shape of the nest was complete, but there were no lining materials in the 

chamber. On 15 September 2002 the nest was complete with soft materials inside the 

chamber, presumably the lining, and the first egg was laid on 16 September 2002. 

Therefore, the time elapsed between the initiation of nest building and egg laying 

was 25 days. Shorter intervals were recorded for building replacement nests. One 

such nest (#WS0901-1) was damaged on 7 October 2001, yet the owners already had 

a new half-built nest on 9 October 2001 approximately 50 cm from the old one. The 

first egg was laid on 22 October, suggesting an interval from nest building to egg 

laying of 13 days. Therefore, the time span between nest building to egg laying was 

between 13 to 15 days. 

Mangrove Gerygones always built a new nest for each clutch. A nest began as 

several pieces or a bundle of nests material hanging on the twigs. The earliest of 

building that I observed was a bundle of nest materials c. 5 cm long and 1 cm thick. 

For eight nests, building from that stage took between 9 to 24 days before the first 

egg was laid, with a median of 17.5 days. At one nest (#WSP1) the first egg was laid 

on Day 9, before the nest lining was complete, and the parent was observed bringing 
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feathers to the nest during the incubation period. In other nests, the completion took 

between 12 to 16 days, and the nests were left empty before the first egg was laid. 

The following histories of marked pairs of Mangrove Gerygones demonstrate 

that individuals often re-nest, not only following breeding failure, but also after 

breeding success. The pair at Tiwi was found building a nest on 19 July 2000, at least 

25 days after the young in their previous nest had been depredated. They 

successfully produced two fledglings from the second nest on 25 August 2000. 

In 2000, they abandoned their first clutch in March, then had nestlings which 

were depredated on 24 June. They were building a new nest 24 days later (on 19 

July) and successfully produced two fledglings on 25 August. In 2001, this pair 

successfully produced a fledgling on 4 June, and did not start building another nest 

until 18 August (when they were successful). In 2002 the pair successfully produced 

at least one fledgling on 5 April, but was building a new nest on 16 April which 

received a clutch by 23 April. This clutch was later depredated, and the next nest 

was not found until August, when two more fledglings were produced. This 

suggests that this pair had at least six fledglings in three years. 

A marked pair at Rapid Creek lost an egg on 2 April 2000, then re-laid in the 

same nest between 6 and 9 April 2000. This clutch produced 2 fledglings on 25 May 

2000. After 53 days, this pair was seen building a new nest (on 17 July 2000), in 

which an egg was laid in early August, but this clutch failed. Another pair on Rapid 

Creek laid their first clutch on 28 March 2000 but it was parasitized by Little Bronze-

cuckoo. The cuckoo fledged on 3 May, but the pair were still feeding it on 1 June. 

By 18 July 2000, a new nest had been built 10 m from the old nest, but it was 

inundated before being used. Six weeks later, on 30 August 2000, this pair already 

had eggs and by 6 September, nestlings (but this nest too, was later inundated). A 

third pair at Rapid creek laid their first egg on 30 March 2000 but this nest was 

probably partially predated and later abandoned. On 26 April 2000 the female was 

found incubating in a new nest 2 m away, which also failed. By 26 May 2000 another 

nest was built 5 m from the last. This nest produced nestlings, but was later 

depredated. After a gap of about four weeks, on 18 July 2000, yet another nest was 

found with eggs. This nest produced nestlings but was inundated and the nestling 
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was found dead in the nest. Thus over six months the pair made four attempts, all of 

which failed. 

3.3.3 Egg dimensions, clutch size, and incubation period 

Both Large-billed and Mangrove Gerygones laid white eggs, with reddish to 

pinkish speckling. Large-billed Gerygones had a significantly larger egg than 

Mangrove Gerygone in terms of length, width and volume (Table 3.5). 

Table 3.5 Dimensions of eggs of Large-billed Gerijgones (n = 15 eggs from 10 clutches) and 
Mangrove Gerijgones (n = 16 eggs from 8 clutches). Values are means; standard 
deviations; * P < 0.05. 

Egg dimension Large-billed Mangrove t Significance 
Gerygone Gerygone 

Length (mm) 17.95; 0.82 16.70; 0.97 2.98 * 

Width (mm) 11.98; 0.78 11.40; 0.32 2.51 * 

Volume Index 1.35; 0.20 1.14; 0.11 2.72 n.s 

Elongation index 1.50; 0.12 1.46; 0.08 0.73 

The clutch size of Large-billed Gerygones varied between 1 and 5 (C1-05). Of 190 

nests that survived the laying period, 103 (54.2%) had C3, 70 nests (36.8%) had C2, 11 

nests (5.8%) had C4, five nests (2.6%) had Cl, and one (0.5%) had C5. The mean 

clutch size was 2.65 (SD 0.66, n= 190). There was significant variation in clutch size 

between years (Table 3.6), with mean clutch size in 2002 being larger than in the 

previous years. 

The clutch size of Mangrove Gerygones varied between 1 and 4 (Cl-C4). Of 139 

nests that survived the laying period, 71 (51.1%) had C2, 58 (41.7%) had C3, six 

(4.3%) had C4 and four (2.9%) had Cl. The mean clutch size was 2.47 (SD 0.63, n 

139). 
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Overall, the clutch size of Large-billed Gerygones was significantly larger than 

that of Mangrove Gerygones (t(o.05 ,327 )= 2.40, p  <0.05), but the difference was 

apparently due mainly to larger clutches in the former during 2002. 

Table 3.6. Clutch size of Large-billed and Mangrove Gerygones over three years, ignoring 
those that failed during laying stage (means; sd; 11). Comparisons between years 
using One-way ANO VA; n.s. P>0.05, *p<005 **J<oQ 

Species Year 2000 Year 2001 Year 2002 F-value and 
significance 

Large-billed Gerygone 2.56; 0.61; 50 2.50; 0.59; 66 2.84; 0.70; 74 5•47** 

Mangrove Gerygone 2.50; 0.66; 46 2.55; 0.72; 38 2.40; 0.53; 55 0.71 (n.s.) 

Five nests of Large-billed Gerygone and nine nests of Mangrove Gerygones 

provided estimates of incubation periods within the range of 48 h from the median 

interval. Clutches of Large-billed Gerygones were incubated for a minimum of 17d 

Oh ± 46.5h and a maximum of 19d 12h ± 32h, the median incubation period being 

18d 23.5h ± 26h. Mangrove Gerygones incubated their clutches for at least 14d 1.5h ± 

24 h and a maximum of 19d6.25h + 39.25h, with the median of 15d 22h ± 44h. 

3.3.4 Nestling period and nestling growth 

Six nests of Large-billed Gerygones and five of Mangrove Gerygones provided 

estimates of nestling periods within the range of 48 h from the median. Large-billed 

Gerygone nestlings were in the nest for at least 13d 15.75h ± 32.25h and a maximum 

of 17d 22.5h ± 22.5h, the median nestling period being 15d 4h. Mangrove Gerygone 

nestlings stayed in the nest for at least 14d 4.75h + 23.25h and a maximum of 16d 17h 

± 38.5h, giving a median nestling period of 15d iTh ± 38h. 

Hatchlings of Large-billed Gerygone had dark grey to blackish skin colour, with 

white down feathers on the side-crown, nape, back, rump, and wings. The gape 

(rictal) flange was whitish to creamy yellow. Measurements of the longest primary, 

tarsus, tail and exposed culmen were made for 38 nestlings from 11 broods. The 

initial rate of increase in weight of Large-billed Gerygones nestlings was slow, 

followed by a phase of rapid growth, then little or no weight gain over the last 3-5 
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prior to fledging. Therefore the growth in weight was sigmoidal (Fig. 3.5). The 

growth of the tarsus and exposed culmen were slower and more linear (Fig 3.6-7). 

The growth of the longest primary and tail were slow at first, increasing after a few 

days until the time for fledging (Fig 3.8-9). 
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Figure 3.5 Growth of weight of Large-hilled Gerygone nestlings. Each type of symbol 
represents nestling(s) of the same brood. 
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Figure 3.6 Growth of tarsus of Large-hilled Gerijgone nestlings. Each type of symbol 
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Figure 3.7 Growth of exposed culnien of Large-hilled Gerygone nestlings. Each type of 
symbol represents nestlings of the same brood 
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Figure 3.9 Growth of tail feathers of Large-hilled Gerijgone nestlings. Each type of symbol 
represents nestling(s) of the same brood. 

Hatchlings of Mangrove Gerygones had flesh-pink skin, with white down 

feathers on the side-crown, nape, back, rump, and wings, and a whitish to creamy 

yellow, gape flange. The rate of growth of weight, tarsus, exposed culmen, longest 

primary and tail of 17 nestlings from 10 broods was very similar to that of the Large-

billed Gerygone (Fig 3.10-14). 
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Figure 3.10 Growth of weight of Mangrove Gerygone nestlings . Each type of symbol 
represents nestling(s) of the same brood 
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Figure 3.11 Growth of tarsus of Mangrove Gerygone nestlings. Each type of symbol 
represents nestling (s) of the same brood 
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Figure 3.13 Growth of primary feathers of Mangrove Gerygone nestlings. Each type of 
symbol represents nestling (s) oft/ic same brood 
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Figure 3.14 Growth of tail feathers of Mangrove Gerygone nestlings. Each type of symbol 
represents nestling (s) oft/xe same brood 
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3.3.5 Breeding success 

Of 183 nests of Large-billed Gerygones whose fate was known, only 23 nests 

(12.6%) were successful in producing at least one gerygone fledgling. Of 182 known 

fate nests with eggs, 76 (41.8%) produced at least one nestling; of 69 known fate nests 

with nestlings, 31 (44.9%) produced at least one fledgling, although only 23 nests 

(33.3%) produced gerygone fledgling(s), the remainder being cuckoos. More than a 

half of the nests (57%) suffered nest predation, while another 24% were either 

abandoned or flooded (Table 3.7) 

Table 3.7 Fate of nests of Large-billed and Mangrove Gerygones. Raw values followed by 
percentage in brackets 

n Depredated Abandoned Flooded Parasitised*  Disappeared 

Large- 
billed 160 104 (56.8) 24 (13.1) 20 (10.9) 8(4.4) 4(2.2) 
Gerygone 

Mangrove 107 68 (49.3) 20 (14.5) 12(8.7) 7 (5.1) 0 
Gerygone 
* As many depredated or abandoned nests had been previously parasitised, "Parasitised" 

refers only to nests successfully producing cuckoo fledgling. 

Nests of unknown fate were included in the Mayfield calculations of nest success 

(Table 3.8). During the incubation phase, the Daily Survival Rate (DSR) for Large-

billed Gerygone nests was 0.9552, and based on the incubation period of 19 days, 

breeding success was 41.9%. During the nestling stage, the DSR was 0.9414, and 

using a nestling period of 15 days, breeding success was 40.4% (Table 3.8). There was 

no significant difference in the daily mortality rate of Large-billed Gerygone between 

incubation and nestling period (K2 = 2.21, p = 0.14). Breeding success for the whole 

nest cycle (including nests that produced cuckoo nestlings) was 16.9%. 

63 



Table 3.8 Breeding success (%) during incubation and nestling periods of Large-billed 
Gerygone, using the Mayfield method 

Period Total Nest-days Nest-days Total Breeding 
nests with losses without losses 

nest-days success 

Incubation 204 106 2261 2367 41.9 

Nestling 77 40 643 683 40.4 

Total cycle 16.9 

Of 138 nests of Mangrove Gerygones whose fate was known, 24 nests (17.4%) 

were successful in producing at least one gerygone fledgling. Of 126 known fate 

nests recorded with eggs, 55 (43.7%) produced at least one nestling; of 65 known fate 

nests recorded with nestlings, 31 (47.7%) produced at least one fledgling, but only 23 

(35.4%) nests produced gerygone fledglings, the remainder producing cuckoos. The 

relative proportion of nests lost to the five causes were very similar to those of the 

Large-billed Gerygone, with almost a hail of the nests being depredated, and another 

quarter being abandoned or flooded (Table 3.7). 

During the incubation stage, the DSR was 0.9556, and based on the incubation 

period of 16 days, breeding success was 48.3% (Table 3.8). During the nestling stage, 

the DSR was 0.9346, and based on a nestling period of 15 days, breeding success was 

36.3%. The DSR during the nestling period was therefore lower than during the 

incubation period, but the difference was marginally non-significant (y2 = 3.66, 

p0.056). Breeding success for the whole nest cycle was 17.5%, less than 1% different 

to that for the Large-billed Gerygone. 

Table 3.9. Breeding success (%) of Mangrove Gerygones, using the Mayjield method. 

Period Total 
nests 

Nest-days 
with losses 

Nest-days 
without losses 

Total nest- 
days 

Breeding 
success 

Incubation 142 71 1527 1598 48.3 

Nestling 63 34 486 520 36.3 

Total cycle 17.5 



3.3.6 Nest and nest site characteristics 

The nest of the Large-billed Gerygone was significantly larger than that of the 

Mangrove Gerygone, in terms of length, and the diameter of the entrance and egg 

chamber (Table 3.9). When complete, nests of Large-billed Gerygones were up to 77 

cm long (mean, 47 cm), whereas the maximum nest length of the Mangrove 

Gerygone was 25 cm. Nest width, however, did not differ between the species, 

ranging from 4 to 7 cm in both species (Table 3.10). 

At Ludniilla Creek and Rapid Creek, the vast majority of the nests of Large-billed 

Gerygones were found within 6 in of the banks of tidal chanrLels (mean 2.9 in, Table 

3.10). One nest was found on the periphery of a saltflat, but still very close (2 m) to 

the shallow tidal channel. At the Tiwi site, the tidal creek formed a permanent 

swamp where Large-billed Gerygones placed their nests over water, although two 

nests were located in drier areas closer to the vine forest. Re-using (refurbishing) of 

old nests was frequent, even following nest failure due to nest predation. Of 229 

nests of Large-billed Gerygones, 192 (70.7%) were built in Avicennia marina and 23 

(10.0%) in Bruguiera exaristata. The remainder (19.3%) were built in Cainpstotemon 

scitu ltzii (4), Aegiceras corniculatus (4), Rluzophora stijlosa (2), C'eriops australis (2) and 

unidentified species (2). 

Table 3.10 Dimensions of nests of Large-billed and Mangrove Gerygones (mean; sd; n). t-
test or #Mann  l/Vlntney U-test was used to compare between species; significance, * 

P < 0.05, P < 0.001. 

Nest dimension Large-billed 

(cm) Gerygone 

Total length 47.3; 13.76; 51 

Chamber diameter 6.2; 0.60; 17 

Entrance diameter 3.5; 0.51; 9  

Mangrove Test Sig. 
Gerygone statistic 

19.1; 4.59; 38 -12.11 

5.5; 0.9; 18 -2.39 * 

3.0; 0.84; 8 15.0# * 

Except for two nests at Ludmilla Creek, Mangrove Gerygones placed their nests 

around saltflats. In general, nests were found in an isolated tree or an isolated clump 

of trees towards the middle of saltflats, or along the edge of the saltflat. Unlike 

Large-billed Gerygones, Mangrove Gerygones were never observed re-using old 
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nests; a new nest was built for each clutch. Of 159 nests, 139 (87.4%) were built in A. 

marina, 19 (12%) in C. australis, and one in Lumnitzera racemosa. 

Table 3.11 Comparison of nest sites and nest trees used by Large-billed and Mangrove 
Gerygones. Values are mean ± s.d., range, with sample size in brackets. Distances in 
in; visibility on scale 1-4; ', P<0.01 

Characteristics Large-billed 
Gerygone 

Mangrove t Sig. 
Gerygone 

Total tree height 4.7 ± 2.1 (222) 1.9 ± 1.1 (156) 15.3 

Nest height 1.9 ± 0.7 (222) 1.8 ± 0.5 (156) 9.7 

Visibility 16 ± 2.4 (48) 9.7 ± 3.1 (32) 7.6 

Distance to saitfiat - 3.1 ± 3.9 (133) - 

Distance to Creek 2.9 + 2.8 (187) - - 

The influence of nest site characteristics on the breeding success of gerygones 

was evaluated using the AICc model selection criteria within the logistic regression 

analysis. For Large-billed Gerygones, the model combining the distance between the 

nest and the tidal creek (DISTCK) and whether or not the nest was in a clump 

(CLUMPING) appeared to yield the best fit, with an Akaike weight (wi) of 0.38 

(Table 3. 12). The next best model also included DISTCK, combined with the height 

of the nest entrance (ENTHT) (w0.17). Moreover, DISTCK and CLUMPING 

appear again in the third model. 

Nests of Large-billed Gerygones closer to the creek were significantly more likely 

to fail than those further away (Table 3.13) (t = 2.09, df=150, p< 0.05). Of 41 clumped 

nests, only 17 (41.5%) were depredated, compared to 89 (62.7%) of 142 solitary nests 

that were depredated (x2  5.87, df-1, p<0.05). Data on the heights of the nest 

entrance indicated that low nests were more likely to fail than higher nests, although 

the difference was not significant (t = 1.23, df=177, p>0.05). 
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Table 3.12 Results of logistic regression analysis of influence of site characteristics on 
nesting success of Large-hilled Gerijgone. Explanatory variables in first three models 
were distance to creek (DISTCK), whether or not nests were clumped (CLUMPING), 
height of nest entrance (ENTH), and nest tree height (TOTALHT)  

Candidate model Ai A(gi  I x) w 

I DISTCK+CLUMPING 0.00 1.00 0.38 

2 ENTHT+DISTCK 1.60 0.45 0.17 

3 DISTCK+TOTALHT+CLUMPING 2.06 0.36 0.14 

4 ENTHT+CLUMPING 2.74 0.25 0.10 

5 DISTCK+TOTALHT+ENTHT 3.70 0.16 0.06 

6 DISTCK 4.06 0.13 0.05 

7 CLUMPING 4.56 0.10 0.04 

Table 3.13 Mean (+ SDs) height of nest entrance and nest tree (in) of Large-billed 
Gerygones, and distance of nest to creek bank (in), according to fate 

Nest Fate Distance to creek Tree height (m) Nest entrance 

Flooded 1.95 ± 2.10 (17) 3.99 ± 2.53 (20) 1.67 ± 0.59 (20) 

Depredated 3.07 ± 2.68 (92) 4.57 ± 1.90 (105) 1.86 ± 0.54 (105) 

Parasitised 2.50 ± 3.53 (2) 4.57 ± 2.19 (6) 1.91 ± 0.73 (6) 

Other causes* 2.53 ± 2.40 (22) 4.74 ± 1.70 (27) 1.99 + 0.45 (27) 

TOTAL FAILED 2.82 ± 2.58 (133) 4.53 ± 1.96 (158) 1.86 ± 0.54 (158) 

TOTAL SUCCESS 4.26 ± 4.07 (19)  4.51 ± 1.87 (21) 2.02 ± 0.76 (21) 

* includes: nest abandonment and itest disappearance (due to storm or iiukiiowii causes) 

For Mangrove Gerygones, AICc model selection criteria indicated that the 

distance between the nest and the nearest tree (NEARTR) was most important, 

having a 43% probability of being the best model (Table 3.14). The next best model 

was a combination between the distance of the nest to the edge of the saitfiat 

(DISTSP) and to the nearest tree (w1=0.14). In the third model, DISTSP per se had a 

10% probability of explaining the variation in breeding success. 
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Table 3.14 Results of logistic regression analysis of effect of site characteristics on breeding 
success of Mangrove Gerijgones. Explanatory variables in top three models were 
distant nest to nearest tree (NEARTR) and distance nest to saitfiat edge (DIS TSP) 

Candidate model Ai A(g x) w1  

1 NEARTR 0.00 1.00 0.43 

2 DISTSP+NEARTR 2.299 0.32 0.14 

3 DISTSP 2.847 0.24 0.10 

4 TOTALHT+NEARTR 3.619 0.16 0.07 

5 TOTALHT 3.633 0.16 0.07 

6 ENTHT 3.674 0.16 0.07 

Nest plants of Mangrove Gerygones that were separated from other plants by 3 

m (or more) were more likely to succeed in producing young than nests that were 

closer to neighbouring plants (Table 3.15), although the difference was not 

significant (t=1.65, df=110, p=O.lO). The distance of nests from the edge of saitfiats did 

not vary significantly between successful and unsuccessful nests (t0.20, dfr112, 

p>0.05; Table 3.15). 

Table 3. 15 Mean distances (in ni) of nests of Mangrove Gerygones from the edge of the 
nearest saitfiat, and to the nearest plant 

Nest Fate 
Distance to edge of 

saitfiat 
Distance to 

nearest plant 

Flooded 2.99 ± 2.89 (9) 2.26 ± 4.95 (9) 

Depredated 2.60 ± 3.14 (60) 1.36 ± 1.95 (59) 

Parasitised 6.00 + 7.77 (6) 0.63 ± 1.33 (5) 

Other causes* 3.71 ± 3.46 (17) 1.43 ± 1.64 (16) 

TOTAL FAILED 3.06 ± 3.65 (92) 1.42 ± 2.32 (89) 

TOTAL SUCCESS 3.25 ± 5.00 (22) 3.24 ± 9.49 (23) 

*i lIc l uded abandoned, nestling dead in nests, nest gone due to storm or unknown causes 



3.3.7 Nest attentiveness, incubation rhythm and visit rates 

Nest attentiveness averaged 40% for Large-billed Gerygone and 33% for 

Mangrove Gerygone (Table 3.16), but was not significantly different between species 

or stages (F (2 , 76) = 0.60, p>  0.05). 

Table 3.16 Nest attentiveness (%) of Large-billed and Mangrove Genjgones 

Large-billed Gerygone Mangrove Gerygone 

Stages Mean SD ii Mean SD n 

Early Incubation 35.2 19.7 14 33.9 23.0 17 

Middle Incubation 44.2 15.5 12 31.5 14.9 12 

Late Incubation 40.7 14.3 13 33.3 23.2 14 

All 39.8 16.8 39 33.0 20.6 43 

Large-billed Gerygones, on average, spent 12 min in the nest (on-bout), and were 

absent from the nest (off-bout) for 15 minutes, while on-bouts and off-bouts of 

Mangrove Gerygones averaged 10 mm and 17 min respectively (Table 3.17-18). In 

both species, off-bouts were significantly longer than on-bouts (F(l, 76) = 12.0, p<O.Ol). 

However, there were no significant differences between species and stages in on-

and off-bouts (F (2 ,76)  = 0.48, r > 0.05) 

Table 3.17 Incubation rlli,ItInn  of Large-billed Gerygones 

On bout Off bout 
Stages 

Mean SD N Min Max Mean SD N Min Max 

Early 10.9 7.1 14 1.9 26.5 18.5 12.7 14 4.0 42.5 

Middle 11.8 7.5 13 4.6 33.0 13.4 7.3 13 5.0 29.7 

Late 13.4 6.8 12 5.0 25.0 13.4 7.8 12 6.0 35.0 
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Table 3.18 Incubation rhijthin of Mangrove Gerygones 

On bout Off bout 
Stages 

Mean SD N Min Max Mean SD N Min Max 

Early 9.5 6.9 17 2.0 25.5 16.9 11.8 17 6.5 56 

Middle 8.7 5.1 12 0.3 17.3 15.7 4.4 12 9.7 22 

Late 13.2 13.3 14 1.7 48.0 18.7 8.7 14 5.0 30 

The rate of visits to the nest by Large-billed Gerygones was apparently higher 

than that of the Mangrove Gerygone at all stages except early incubation (Table 

3.19), but the difference was not significant overall (F (1, 99) = 0.00034, p > 0.05). As 

expected, rates of visits to the nest during the nestling period (when young were 

being fed) were significantly higher than during the incubation periods, for both 

species (F (1, 99) = 130.92, p < 0.01; Table 3.16; Fig. 3.15), but there were no significant 

differences among stages within either period. 

Table 3.19 Number of visits (per hour) to nests during incubation and nestling periods 

Nest 

periods 

Stages Large-billed Gerygone 

Mean SD n 

Mangrove Gerygone 

Mean SD n 

Early 4.1 2.6 13 4.7 2.6 13 

Incubation Middle 5.5 3.3 10 4.8 1.1 10 

Late 4.3 2.5 5 4.0 2.7 9 

Early 13.8 6.4 8 12.7 3.8 11 

Nestling Middle 20.3 17.1 8 13.3 10.7 5 

Late 21.0 16.3 7 18.3 8.1 4 

Simultaneous visits by males and females were observed during both the 

incubation and nestling periods of both species (Table 3.20). During the incubation 

period, the male occasionally accompanied the female to the nest, or approached the 

nest and gave a short call from a close distance before it flew away, followed by the 

incubating female. Simultaneous activities at nests were recorded more often in 

Large-billed Gerygones than in Mangrove Gerygones, but the difference between 
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species was not statistically significant (F (L 99) = 0.12, p > 0.05). For both species, 

simultaneous visits by males and females were more frequent during the nestling 

period than during the incubation period, because both sexes often arrived together 

to feed the young in the nest (Table 3.20). (F (1, 99) = 59.79, p < 0.01). 
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Figure 3.15 Least Square Means of nest visit rate (per hour) of Large-billed (LG) and 
Mangrove Gerygones (MG) during incubation (n= 28 and 32, respectively) and 
nestling period (n = 23 and 20, respectively). Vertical bars denote 95% confidence 
interval. 

Table 3.20 Number of snnultaneous visits per hour by hot/i members of gerygone pairs 

Nest Large-billed Gerygone Mangrove Gerygone 

period Mean SD ix Mean SD n 

Incubation 0. 34 0.81 28 0.09 0.36 32 

Nestling 2.42 2.70 23 1.59 1.52 20 
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3.4 Discussion 

3.4.1 Timing of breeding 

The breeding seasons of tropical birds are characterised by being longer and more 

variable (within and between species) than those of the temperate zone (Stutchbury 

& Morton 2001). Breeding seasons in the tropics are often two to three times longer 

than those of the temperate zone (Skutch 1950; Ricklefs 1966; Wyndham 1986). 

Whilst most temperate zone birds are forced to breed during the late spring and 

early summer, when temperatures and the food supply are suitable for successful 

reproduction, tropical birds vary from species to species in the time of year when 

they breed. Moreover the breeding seasons of individuals within tropical species 

may vary greatly from place to place or even within a population (Wrege & Emlen 

1971; Tye 1991; Robinson et al, 2000), whereas individuals of many temperate species 

lay their first clutches within a few weeks of each other (e.g. Perrins 1991; Ramsay & 

Houston 1997). 

The first attempt to characterise breeding seasons of birds in the Australian 

monsoon tropics was that of Frith & Davies (1961), based partly on the accounts of 

Le Souef (1903). They concluded that most bird species in coastal and sub coastal 

Northern Territory nested during the wet season, yet their data clearly show that 

breeding amongst land birds began during the late dry season months of September 

and October, prior to the onset of widespread rains. In monsoonal woodland near 

Port Moresby, New Guinea, Bell (1982a, b) found breeding activity for most birds 

peaked during the late dry season, and virtually stopped at the height of the wet 

season (February-March). He suggested that insectivores and nectarivores might 

breed at this time to capitalise on the nuptial flights of ants and termites during the 

first rains (see also Nix 1976), or because persistent rain reduces their foraging 

efficiencies, and hence their ability to rear young (Foster 1974a). The second 

explanation seems more applicable than the first in the case of mangals, where few 

ants and termites occur. 

Noske & Franklin (1999) showed that, contrary to Frith & Davies (1961), many 

insectivorous and nectarivorous birds in the Darwin region, Northern Territory, 
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breed during the dry season. In addition, breeding activity (measured as number of 

nests) was highest in the late dry season (September-October), but declined 

substantially after the first rains in November. The diversity of breeding seasons for 

the region, measured by EGMs, were higher than any reviewed by Wyndham (1986), 

including tropical regions with high rainfall and little climatic seasonality. This 

diversity of breeding seasons contrasts sharply with the typical spring and early 

summer breeding season of most passerines in southern Australia (e.g. Marchant 

1981; Woinarski 1985), where the proximate cues for breeding are presumably higher 

temperatures and increasing day length. Noske & Franklin (1999) attributed the 

diversity in breeding seasons of the monsoonal tropics to the availability of both 

insect and nectar resources throughout the year. 

In this study the Large-billed Gerygone was recorded breeding in all 12 months 

of the year, but with obvious peaks from February to April and September to 

November. Noske & Franklin (1999) reported breeding of this species in the 

Northern Territory in all months except January and May, with a marked peak in 

August-October, and a "possible peak in March". Based on a review of the literature 

and data in the Birds Australia Nest Record Scheme database, Higgins & Peter (2002) 

concluded that breeding of Large-billed Gerygones occurred in all months 

throughout their range. The breeding season in Queensland is invariably described 

as August-March/May, suggesting that breeding continues through the wet season. 

Clutch dates in the Darwin region, however, indicate that the season starts, rather 

than finishes, in March. However the cessation of breeding activity in June-July 

suggests that these months are just as unsuitable as the early wet season months, but 

perhaps for a different reason, such as colder minimum temperatures. 

Although the EGM values (number of equally good months for breeding) for the 

two species were nearly identical, the breeding season of the Mangrove Gerygone 

was clearly more constricted (8 months) than that of the Large-billed Gerygone. The 

apparent insensitivity of the EGM index is probably due to a bias against months in 

which few nests were found (eg. Large-billed Gerygone nests from May through 

August). Mangrove Gerygones started egg-laying later, but finished earlier, than 

Large-billed Gerygones, owing to a shorter interval between breeding pulses. The 

breeding season of the Mangrove Gerygone described here is broadly consistent 
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with that reported by Noske (2001) for the period, 1986-1992. The first pulse was 

around April in both studies, and the second around late September (this study) or 

October (Noske 2001). In both cases, little or no breeding activity was evident from 

November through February. This contrasts sharply with the breeding season in 

eastern Australia, which Higgins & Peter (2002) describe as "mostly spring-

summer". In NSW, the species reputedly breeds from September to February 

(possibly peaking in October-November), but in south-east Queensland, clutches 

start in August, and further north (central Queensland), even earlier, with records in 

June and April (Ford 1981; other references in Higgins & Peter 2002). Thus there is 

no evidence of an autumn pulse, or of a bimodal pattern, in eastern Australia. 

Both species of gerygones in this study displayed a bimodal pattern of egg-

laying activity, with two clear peaks (pulses), the first towards the end of the wet 

season and the second, at the end of the dry season. Few or no clutches of either 

species were found in June and July, despite intensive searching for nests. In the case 

of the Large-billed Gerygone, this clearly represents a biannual breeding season, 

with peaks separated by 5-6 months. In the Mangrove Gerygone, however, re-

nesting took place within one month of failed nest attempts towards the end of the 

first pulse, suggesting a minor delay only. However the two pulses do not merely 

represent first and second broods, as two or more breeding attempts were made 

within each pulse. 

Biannual breeding seasons are known for several species of tropical African 

passerines (Wilkinson 1983), as well as at least one equatorial species in South 

America (Miller 1962). In most such birds, biannual breeding is associated with two 

distinct rainy seasons. However, the Chestnut-bellied Starling Spreo puicher in 

Nigeria, like the gerygones in this study, breed in the periods preceding and 

following a single wet season (Wilkinson 1983). Wilkinson (1983) suggested that the 

proximate cues for breeding in this species were ambient temperature and 

photoperiod, as these were both high during peak breeding times of the starling. 

Ambient temperatures in Darwin vary less than in Nigeria, and daylength is greatest 

in summer (wet season), when gerygones seldom breed. However, the egg-laying 

dates of Large-billed Gerygone were positively correlated with maximum (and less 

so, mimimum) temperatures, and there appears to be a rough concordance between 
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months of highest temperatures and months of peak breeding activity of both 

species, albeit not significant for the Mangrove Gerygone. Further analyses may yet 

reveal that climatic and photoperiodic factors influence the timing of breeding in the 

study species and other rnangal-dwellirig birds. 

Both study species nested for 3-4 months longer than the three species of 

gerygones in south-eastern Australia included in Woinarski's (1989) review of 

Pardalotids. In New Zealand, the Grey Gerygone has a much shorter breeding 

period than the study species (Gill 1982a). Eggs were laid within a period of 15-16 

weeks from September through November. Gill (1982a) also describes the breeding 

season of the Grey Gerygone as bimodal, with the two peaks separated by about 8 

weeks, although these clearly represent first and second broods. In contrast, the 

Chatham Island Gerygone is single-brooded, laying eggs over a period of 10 weeks 

only (Dennison et iii. 1984). Dennison et al. (1984) attribute the differences between 

the two South Pacific species to the harsher climate of the Chathams, and possibly to 

the need to avoid nest parasitism by the Shining Bronze-cuckoo, on the Chathams. 

The role of nest parasitism, predation and food availability in the breeding seasons 

of the study species are explored in later chapters. 

3.4.2 Clutch size, incubation period and incubation rhythm 

The mean clutch sizes of Large-billed and Mangrove Gerygone in this study 

were 2.65 and 2.47, substantially smaller than the mean clutch size (3.1) of small 

foliage insectivores of south-eastern Australia reviewed by Woinarski (1985) but 

close to the mean (2.7) for all Australian passerines (Yom-Tov 1987). Based on nine 

records in the Birds Australia Nest Record Scheme database, Higgins & Peter (2002) 

gave the mean clutch size of Large-billed Gerygones in Northern Territory and 

Queensland as 2.33 (SD, 0.5), while Storr (1980) gave the mean for Queensland as 

2.46 (SD, 0.66; n = 13), both substantially smaller than that found in the present 

study, notwithstanding significant variation between years. On the other hand, 

Mangrove Gerygones in eastern Australia apparently have a smaller mean clutch 

size (2.88)than Darwin populations, although the sample for the former is small 

(n=8; Higgins & Peter 2002). Noske's (2001) data for 23 nests of Mangrove Gerygones 

in the Darwin region during 1986-1999 indicate an even smaller mean clutch size 
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(2.26 ± 0.45) than that recorded in this study, and a surprising discrepancy given the 

overlap of study populations. Presumably clutch size in gerygones varies annually 

and with many factors, including location, stage of breeding season, age and 

experience of individuals, and nest predation and parasitism rates. Ford (1963) 

found significant seasonal variation in clutch size of Yellow-rumped Thornbill in 

south-western WA, clutches after September being larger than those in July and 

August. He attributed this to increasing daylength and amelioration in weather 

conditions during the spring. 

Nevertheless, comparisons with data from other gerygone species (Table 3.21) 

indicate that the clutch sizes of the study species are among the smallest for the 

genus. This is commensurate with their largely tropical (low latitude) distribution. 

Table 3.21 Clutch sizes of genjgones, in order of increasing size 

Species Distribution Mean SD n Source 

G. fusca Inland Aus. 2.65 0.59 20 NRS* 

G. olivacea E/N Aus. 2.8 0.51 85 NRS* 

G. mouki E Aus. 2.9 0.63 45 NRS* 

G. albofrontata Chatham Is. 3.1 - 79 Dennison et al. (1984) 

G. igata NZ 3.9 - 60 Gill (1982) 

* Birds Australia Nest Record Scheme data, Higgins & Peter (2002) 

The median incubation period of the Large-billed Gerygone (19 days) is 

approximately three days longer than that of the Mangrove Gerygone (16 days). A 

shorter incubation period is to be expected in the smaller Mangrove Gerygone, as 

incubation periods are correlated with adult body weight and egg weight (Rahn & 

Ar 1974; Rahn et al. 1975), but the difference is surprisingly large for such small 

birds. In contradiction of this trend, however, the incubation period of the atypically 

large Chatham Island Gerygone is the same as that of the New Zealand Grey 

Gerygone, despite their profound difference in size (10-11 g and 6.5 g,  respectively). 

Both species incubate for an average of 19.5 days (Gill 1982a; Dennison et al. 1984), a 

period closest to that of the Large-billed Gerygone in the present study. 
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The median incubation period of the Mangrove Gerygone is within the range of 

16-17 days, estimated by Noske (2001). Data in the NRS suggest an even shorter 

period of 14-16 days (Higgins & Peter 2002), presumably based mainly on records 

from central-eastern Australia. Agnew (1921) claimed that the incubation period was 

12 to 14 days in Moreton Bay, Queensland (race can tator), but no data are presented 

to substantiate this claim. Comparative data are available for two gerygone species 

in coastal south-eastern Australia. Near Sydney, NSW, Donaghey (1962) calculated 

the incubation period for two nests of eucalypt woodland-inhabiting White-throated 

Gerygones G. olivacea as 15-16 days, although analysis of his data for two nests 

indicates median incubation periods of 16 days 4h (±25h)  and 17 days lOh (±26h). 

This is very similar to that of the Mangrove Gerygone. In south-eastern NSW, 

however, the median incubation periods for three clutches of the rainforest-dwelling 

Brown Gerygone G. inouki ranged from 18 days 4h to 18 days 16h, averaging 18 days 

llh (Marchant 1980). Thus there appears to be a considerable difference between 

these two sympatric species, which is partly explained by the migratory habits of the 

White-throated Gerygone in this part of its range (Donaghey 1962; Higgins & Peter 

2002). 

Incubation periods do not appear to correlate with the phylogenetic history of 

the genus (Chapter 2), as the two Australian species with the long incubation periods 

(Large-billed and Brown Gerygones) belong to two separate clades, as do those with 

shorter incubation periods (Mangrove and White-throated Gerygones). However it 

may be significant the both members of the former pair are rainforest-dwellers, 

whereas the latter pair occurs in more open habitats. However, there is little support 

for the prediction of slower developmental rates (and longer incubation periods) of 

the tropical gerygones compared to their temperate Australian and South Pacific 

counterparts. Rather, they support the conclusion of Geffen & Yom-tov (2000a) that 

tropical and temperate species do not differ in their incubation and nestling periods. 

3.4.3 Incubation rhythm and nest attentiveness 

Few studies of the breeding biology in Australian birds present data on nest 

attentiveness and incubation rhythm, and the number drops even further if we 

exclude species in which both sexes incubate (and in which attentiveness is usually 
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over 90%) and species whose diet includes fruit or nectar. Nest attentiveness ranges 

from 46% to 81% in 10 Australian insectivorous species, but the ecology of these 

species varies substantively (Table 3.22). For 95 North American passerines with 

single-sex incubation, mean nest attentiveness was 75% (with a coefficient of 

variation of 15%), and mean on- and off-bouts were 38 mm (CV, 90%) and 10 mm 

(CV, 61%), respectively (Conway & Martin 2000b). 

Table 3.22 Nest attentiveness (%), mean incubation and feeding (on- and off-) bouts (nun) 
for Australian insectivorous passerines with single-sex incubation. Species 
marked with an asterisk are endemic to the tropics. 

Incubation Attentive- Mean Mean Source 
period ness (%) on-bout off-bout 

Species 

White-throated 
Treecreeper 

Brown 
Treecreeper 

Purple- 
crowned Fairy-
wren* 

Scarlet Robin 

Flame Robin 

Hooded Robin 

Yellow Robin 

Grey-headed 
Robin* 

Chowchilla* 

Varied Sittella 

22 74 24 

16 57 12 

14+ 55-67 NR 

16 79 NR 

17 78 NR 

15 65 22 

16 81 15 

17-19 66 7 

25 46-58 29-52 

20 59-74 14-20  

10 Noske (1991) 

9 Noske (1991) 

NR Rowley & Russell (1993) 

NR Robinson (1990) 

NR Robinson (1990) 

NR Fitri & Ford (2003) 

NR Marchant (1985) 

4 Frith & Frith (2000) 

35-43 Frith et al. (1997) 

5-10 Marchant (1984) 

Nest attentiveness of Large-billed and Mangrove Gerygones (40% and 33%, 

respectively) was well below the average nest attentiveness for North American 

passerines, and substantially lower than that of other Australian passerines except 

perhaps for the Chowchilla Orthonujx spaldingi (Table 3.22). Furthermore, Gill (1982) 

found that the New Zealand Grey Gerygone spent, on average, 68% of their daylight 



time on the nest - more than twice the amount of time recorded for Mangrove 

Gerygones in the present study. Thus, in respect of nest attentiveness, the Large-

billed and Mangrove Gerygones behave as we might expect for tropical species in an 

environment characterised by high nest predation, as does the temperate Grey 

Gerygone in its almost predator-free environment. On the other hand, as ambient 

temperatures in the study area are undoubtedly higher than those in New Zealand, 

the large discrepancy in nest attentiveness of tropical Australian and temperate New 

Zealand gerygones might be due to the thermal requirements of incubating eggs (eg. 

Conway and Martin 2000) rather than nest predation pressure. It may be significant 

that of all the species in Table 3.22 (including three tropical species), only the 

Chowchilla exhibits levels of nest attentiveness below 50%. This tropical species, like 

the gerygones in the present study, builds a domed nest, although its clutch size is 

only one. It is likely that domed nests provide a more constant nest temperature for 

eggs, thus reducing nest attentiveness. However, it is not possible to evaluate the 

influence of temperature on nest attentiveness among gerygones without data on the 

thermal environment of the nest. 

Martin (2002) found that lower nest attentiveness was associated with longer 

incubation periods, but this was not the case with the study species, since Mangrove 

Gerygones showed slightly lower nest attentiveness than Large-billed Gerygones 

(and New Zealand Grey Gerygones), but had a shorter incubation period. Mean on-

bouts for Large-billed and Mangrove Gerygones were 12 and 10 mm, respectively, 

and off-bouts 15 and 17 mm, respectively. These durations are longer than those of 

the Grey-headed Robin Heteroi;iyias albispecularis, but much shorter than that of the 

Chowchilla, both species of upland rainforests in Queensland's wet tropics. Whilst 

the incubation period of the Grey-headed Robin is only 1-2 days longer than those of 

temperate Australian robins (Table 3.22), that of the Chowchilla is exceptionally long 

(25 days). The latter is a litter-foraging species that builds a domed nest on the 

ground, in which it lays one egg. Its long incubation period and long on- and off-

bouts conform to the predictions of a species in a high nest predation environment. 

Yet this species enjoys relatively high nest success (Frith et al. 1997). Similarly, the 

relatively short on- and off-bouts of the gerygones do not accord with their low 

breeding success, as the resultant high level of activity at the nest might be expected 

to attract nest predators (unless the latter are mostly nocturnal). 
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The low attentiveness of the Large-billed and Mangrove Gerygones is, in part, a 

consequence of spending longer periods off the nest (off-bouts) than on the nest (on-

bouts). This seems the converse of the pattern for the Australian passerines in Table 

3.22, and contrasts sharply with that for the North American passerines cited above. 

The relatively long off-bouts of female gerygones suggest that these birds are 

constrained by food. In many Australian passerines (eg. robins and treecreepers), the 

incubating female is fed by its mate, both on and off the nest. Such behaviour 

increases activity at the nest, and indeed, most Australian robins suffer high nest 

predation rates (Robinson 1990; Russell et cii. 2004), while treecreepers have higher 

success due to their hole-nesting habits (Noske 1991). Without help from their 

partners, female Large-billed and Mangrove Gerygones may be forced to forage for 

relatively long periods. This may be facilitated by having a domed nest that 

presumably provides a relatively stable thermal environment for the eggs, 

particularly in the uniformly warm to hot conditions of the monsoon tropics. 

3.4.4 Nestling period and feeding rates 

This study suggested a median nestling period of about 15 days for both the 

Large-billed and Mangrove Gerygones. This is within the range estimated (14-17 

days) for the Mangrove Gerygone by Noske (2001), and very similar to the nestling 

period of the White-throated Gerygone (15 days) and Brown Gerygone (15.7 days) 

(Donaghey 1962; Marchant 1980). In contrast, the average nestling periods for the 

New Zealand Grey Gerygone and Chatham Island Gerygone were 17.2 and 20 days, 

respectively (Gill 1982a; Dennison et cii. 1984). Again, this is the converse of the 

expected trend, of tropical species showing longer nestling periods and slower 

development than their temperate counterparts (Ricklefs 1968, 1969). However, the 

latter species have evolved in a predator-free insular environment where it may be 

expected that developmental rates are slow (Bosque & Bosque 1995). It is not clear 

why the nestling periods of the two South Pacific species were so disparate, while 

their incubation periods were identical. For the two gerygones in the present study, 

differences in development rates occurred in the length of the incubation period 

rather than the nestling period, suggesting that selection acts on developmental rates 

of eggs more than on nestlings in a high nest predation environment. 



Visits to the nest during the nestling period (presumably mostly feeding visits) 

were significantly more frequent than during the incubation period, as both sexes 

fed the young. Mean visitation rates were 14-21 h-i  for Large-billed Gerygones, and 

13-18 h-i  for Mangrove Gerygones. As expected, these rates were lowest and varied 

least during the early stage of the nestling period (mean ± SD, 14±6.4 visits h-i  and 

13±3.8 visits h-i,  respectively) when the nestlings were young, although differences 

between stages were not significant due to small sample sizes (Table 3.19). Donaghey 

(1962) recorded feeding of nestlings at two nests at the White-throated Gerygone 

near Sydney; over 4 samples totalling 5 h, feeding rates ranged from 10 to 21 feeds h 

1, averaging 14.6 feeds h-i.  This indicates a similar feeding rate to the tropical 

gerygones. Unforhinately, there are no comparative data for the Grey Gerygone or 

for thornbills. 

Data for 13 other Australian insectivorous passerines suggest that the feeding 

rates of the gerygones were relatively high (Table 3.23). High feeding rates were 

found in the Brown Treecreeper Cliinacteris picuinnus, Splendid Fairy-wren Malurus 

splendens and Varied Sittella Daplinenosittu clinjsoptera, all of which breed co-

operatively, and often have three or more adults taking food to the nestlings 

(Rowley 1981; Noske 1991, 1998b). One explanation for the high feeding rates of the 

gerygones might be that the prey brought to nestlings is quite small, and possibly of 

low nutritional value. Yet the nestling period of these birds is short relative to 

temperate gerygones (see above) and the four species of thornbills reviewed by 

Woinarski (1989), suggesting that gerygone nestlings develop relatively rapidly. 
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Table 3.23 Mean feeding rates (per hour) and nest success (% of nests that produced 
fledglings) for 13 Australian insectivorous passerines (*, Mayfield method) 

Species Mean Nest Source 
feeding success 

rate 

Rainbow Pitta 8 26* Zimmermann (1997) 

White-throated 9 68 Noske (1991) 
Treecreeper 

Brown Treecreeper 18 48 Noske (1991) 

Splendid Fairy-wren 8-21 52 Rowley et al. (1991) 

White-fronted Chat 7 18.5* Major (1991) 

Scarlet Robin 8-13 10 Robinson (1990) 

Flame Robin 7-17 25 Robinson (1990) 

Hooded Robin 4-7 22 (29*)  Fitri & Ford (2003) 

Yellow Robin 8 32 Marchant (1984) 

Grey-headed Robin 10 45 Frith & Frith (2000) 

Chowchilla 2-4 67 Frith et al. (1997) 

Rufous Whistler 2 13 Bridges (1994) 

Leaden Flycatcher 10 23 Tremont & Ford (2000) 

Varied Sittella 12-20 20 Marchant (1984); Noske (1998b) 

Maher (1996) compared the feeding rates of two co-occurring tropical, dome-

nesting passerines in North Queensland, the Brown-backed Honeyeater Ramsayornis 

modes tus and Yellow-bellied Sunbird Nectarinia jugularis. The honeyeater averaged 20 

visits h-i, while the sunbird averaged only 4 visits h-I.  Despite a fivefold difference in 

activity at the nest between the two species and a slightly longer nestling period in 

the sunbird, their nest mortality rates were very similar. Maher (1996) related the 

differences in nest visitation rates to diet, the sunbird including nectar in its 

provisioning to young, whereas the food of the honeyeater was very small insects, 

which may have constrained its provisioning rate. Similarly, the food brought to 

gerygone nestlings was mostly too small to identify and apparently required 

frequent trips to the nest. Martin et al. (2000a) found that parent birds in Argentina 

delivered food to nestlings at nearly twice the rate of birds in North America, but 

they did not experience higher nest predation than the temperate counterparts, as 

predicted by Skutch's hypothesis. 
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3.4.5 Breeding success and nest sites 

The present study confirmed that Mangrove Gerygones in the Darwin region 

had low breeding success. Although nest success in this species was slightly higher 

in the present study (17%) than in Noske's (2001) study (10%), only 13% of Large-

hilled Gerygone nests were successful in producing gerygone fledglings. Mayfield 

nest mortality rates for the two species were very similar (17-18%). Of the 13 

insectivorous species shown in Table 3.23, only two (Scarlet Robin Petroica multicolor 

and Rufous Whistler Pac1ijcepliala rufi vent ris) showed lower nest success than 

gerygones. Low nest success may be typical in Australian gerygones. Using NRS 

data, Woinarski (1989) showed that nest success in three species of gerygones in 

south-eastern Australia was 24-39%, compared to 46-88% for four thornbill species. 

In New Zealand, 42% of Grey Gerygone nests were successful, and the failure of at 

least 15% of nests was attributed to introduced mammals (Gill 1982a). 

Robinson (1990) suggested that Australian passerines suffered high levels of nest 

predation, and calculated a mean success of 37% from 10 studies of sheltered and 

dome-nesters, including four thornhill (Aeon tliiza) species. However these values 

mask considerable variation in nest success between studies. For the Brown 

Thornbill A. pusilla, nest success varied from 19% near Armidale, north-eastern New 

South Wales (Bell & Ford 1986) to 37% in Canberra (Green & Cockburn 1999), while 

196 records in the Birds Australia Nest record Scheme for south-eastern Australia 

suggested a nest success of 46% (Woinarski 1989). Similarly, Bell & Ford (1986) 

reported 18% and 20% nest success for Striated Thornbills A. lineata and Buff-

rumped Thornbills A. reguloides, respectively, whereas Woinarki's (1989) analysis of 

Nest Record Scheme records suggested 48% and 64% success, respectively. Ford & 

Tremont (2000) found that nest success of two large honeyeaters near Armidale, 

New South Wales, was 20-40% lower than that suggested by Nest Record Scheme 

data, suggesting a bias in the Scheme towards nests that are successful. 

Based on the logistic regression models, nests of Large-billed Gerygones close to 

the creek were more likely to fail that those further away. This result can be partly 

explained by the greater risk of flooding for nests over tidal channels, which are 



inundated daily but to varying heights depending on monthly tidal cycles. 

Consistent with this hypothesis, low nests of Large-billed Gerygones were less 

successful than nests situated higher in the canopy, partly because of the higher rates 

of flooding. Nests situated close to other nests (ie. clumped) were more successful 

than solitary nests. 

This finding refutes the hypothesis that birds nesting over water benefit by 

reduced nest predation (Imme1mann 1961; Collias & Colias 1984). Instead, nesting 

over water (or nearer the creeks) imposes a penalty by increasing the risk of 

flooding, especially for nests that are built closer to the ground. On the other hand, 

nests in clusters were more successful than solitary nests. Old nests resemble flood 

debris, so it is possible that the placing of nests near old ones is a mechanism for 

confusing nest predators. Predators selecting the wrong nest may also warn the 

incubating bird in the real nest of impending danger. Alternatively nests might 

simply be built close to old nests because old intact nests are an indication that the 

site is inaccessible to predators or tidal flooding. 

For Mangrove Gerygones, the most important variable relating to nest success 

was the distance between the nest plant and its nearest neighbour. This supports the 

hypothesis that nests in isolated plants on the saltflats are less susceptible to 

predation than plants within the mangal forest (Noske 2001). This hypothesis is 

explored further in the next chapter. 
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Chapter 4 

PREDATION ON EGGS AND NESTLINGS 

4.1 Introduction 

4.1.1 Nest predation and its importance in avian life histories 

Predation on eggs and nestlings has been reported as the major factor in 

reproductive failure among birds (Ricklefs 1969; Martin 1992). Many studies have 

confirmed that this applies also to Australian birds (Robinson 1990; Major et al. 1996; 

Ford & Tremont 2000; Fitri & Ford 2003). Early studies of tropical birds, mainly in 

the neotropics, reported higher nest predation rates than are typical in the North 

Temperate zone (Snow & Snow 1964; Skutch 1966; Ricklefs 1969; Fogden 1972). 

However, some investigators have questioned higher nest predation rates in the 

tropics, pointing out that a number of early studies were conducted in human-

disturbed habitats or islands, where nest predation by "meso-predators" may be 

elevated due to the lack of top predators (Oniki 1979; Loiselle & Hoppes 1983; Gibbs 

1991; Martin 1996). 

Martin et al. (2000b) compared phylogenetically related species in North 

America (Arizona) and South America (Argentina) and found that, contrary to the 

conclusions of early workers, northern birds experienced higher nest predation rates 

than their southern congeners. However, using a detailed data set, Robinson et al. 

(2000) found that open cup nesting temperate zone birds averaged 47% nest loss 

compared with 71% for tropical birds. Despite the paucity of phylogenetically-

controlled comparisons of temperate and tropical passerines, Stutchbury & Morton 

(2001) concluded that nest predation was higher for tropical birds. 

Why should nest predation be higher in the tropics? It is generally assumed that 

there is a higher number and diversity of nest predators in the tropics. Complex nest 

structures, such as domed and pendant nests, are more prevalent in the tropics, and 

have been viewed as evidence of greater diversity of tropical nest predators 

(Ricklefs 1969). Skutch (1949, 1985) suggested that snakes were the primary nest 

predators in Central America. However, Roper & Goldstein (1997) found few snakes 
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in their study, and concluded that the major nest predators in the neotropics were 

small mammals. Thus, nest predation in the tropics apparently varies with the 

relative abundance of different types of nest predators, as well as time of the year, 

altitude, and probably habitat (Marchant 1960; Morton 1971; Skutch 1985). Nest 

predation rates also vary with nest type, nest sites and disturbance (Martin 1987). 

Artificial nests have proved an invaluable experimental tool in testing 

hypotheses about nest predation and identifying nest predators, owing to the 

frequent difficulty of finding sufficient suitable real nests, and the low probability of 

actually observing nest predation. However, it is now widely recognised that 

predation rates of artificial nests do not necessarily reflect those of real nests, due to 

unrealistic nest and egg design, as well as placement (such as along transects). King 

et al. (1999) found that predation rates were higher in artificial nests than real nests, 

and suggested that the results from artificial nest experiments over-estimated 

natural nest predation rates, due to the lack of nest defense by parents (see also 

Berry & Liii 2003). In addition Martin (1987) found significant differences in 

predation rates between different nest types in the same locations suggesting that 

some nest predators might respond differently to artificial nests. 

In Australia, as elsewhere, artificial nest experiments have been used mostly to 

examine the effect of landscape modification on nest predation rates, and not 

surprisingly, most studies have been conducted in the temperate south (Major et ci. 

1996; Major & Kendal 1996; Boulton & Clarke 2003). As with studies in the North 

Temperate region, some have shown greater nest predation rates on forest edges 

than in the forest interior (Gardner 1998; Luck et ci. 1999; Berry 2002b), while others 

have showed no edge effect (Laurence et ci. 1993; Lindenmayer et ci. 1999; Matthews 

et ci. 1999). The major nest predators in Australia appear to be birds, particularly 

currawongs and butcherbirds (Major et ci. 1996; Taylor & Ford 1998; Fulton & Ford 

2001, 2003; Berry & Lill 2003). The only published comparative study of nest 

predation rates in tropical Australia was that of Laurance et ci. (1993) who compared 

predation rates of artificial nests in upland, wet tropical rainforests, with that of 

adjacent farmland, in North Queensland. Most predation was due to White-tailed 

rats lirornys ccudimacuiatus. Subsequently, using automatically triggered cameras to 

photograph predator activity at artificial nests, Laurence & Grant (1994) showed 
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that these rats and other species of rats were responsible for over 90% of predation 

events. The only diurnal predator recorded was the Spotted Catbird Ailuroedus 

inelanotis. 

4.1.2 Habitat-related variation in nest predation in the tropics 

Whilst the effect of human-induced habitat changes on nest predation has 

received much attention, few studies have examined variation in such rates between 

natural habitats. In the Australian monsoonal tropics, Zimmermann (1997) found a 

significant difference in nest predation rates of Rainbow Pittas Pitta iris between 

monsoon rainforest and adjacent mixed forests at Fogg Dam, near Darwin. The 

characteristics of depredated nests, and the results of an experiment using dummy 

eggs in abandoned pitta nests, suggested that the major nest predators at this site 

were arboreal snakes, while at another site within the Darwin metropolitan area, the 

large Black-footed Tree-rat Meseiiibrioinijs gouldii may have been an important nest 

predator. Using artificial nests in the Darwin region, Fischer (2000) found that nest 

predation rates varied significantly between four distinct habitat types (monsoon 

rainforest, eucalypt woodland, paperbark swamps, and mangals). The nest 

predation rate in mangals was twice that of monsoon rainforests, and more than 

four times that of the other two habitats. Considering that the number of nest 

predator species seems much lower in mangals than in other habitats, she 

speculated that the nest predators were more efficient in finding nests in this 

habitat. 

Large-billed and Mangrove Gerygones co-occur in tropical mangals, but the two 

species prefer different sub-habitats (or zones) for foraging and nesting (Noske 1996, 

2001). The Large-billed Gerygone prefers the vicinity of tidal channels, typically 

dominated by Rliizopliora stjlosa which grow on soft, deep muds. This species' habit 

of building its large pendulous nests over water is well-known (Le Souef 1903; 

MacGillivray 1914; Campbell & Barnard 1917; White 1917), although nests have also 

been found overhanging roads and tracks often some distance from water (McGill 

1970; Noske, pers. comm.). Owing to twice-daily tidal inundation and macro-tides, 

most nests on tidal channels overhang water for about 10-50% of the day. Several 

other species in the region are known to nest over water. The highly-specialised Bar- 



breasted Honeyeater Ranisaijornis fasciatus invariably builds its dome-shaped, 

pendulous nest over water in paperbark (Melaleuca spp) swamps or along 

paperbark-lined creeks (Franklin &z Noske 1999; R. Noske, unpublished data). To 

achieve this, this honeyeater breeds mostly in the late wet season, when water-levels 

in creeks and bilabongs are highest. Immelmann (1961) related the habit of nesting 

over water to greater protection from ground predators, and although this 

hypothesis is widely stated, it remains untested. 

In contrast to the Large-billed Gerygone, Mangrove Gerygones favour the 

vicinity of barren saitfiats near the landward edge of mangals (Noske 1996), where 

the sandy, hypersaline soils are inundated only on high spring tides, and only a few 

highly salt-tolerant plants can survive. Noske (2001) found that Mangrove 

Gerygones usually built their compact nests in shrubs around the edge of saltflats, 

or in plants on the saltflat itself, often quite isolated from other plants. He 

hypothesized that the eggs and young in such nests might escape predation by 

arboreal reptiles and other non-flying predators that prefer an unbroken canopy and 

dislike descending to the ground. Although nest predators were not identified, tree 

snakes and monitor lizards occur in mangals, and many of these animals are more 

active during the wet season than during the dry season (Shine 1991; Christian et al. 

1995; Brown &t Shine 2002). In addition, nests situated within, or on the edge of 

saitfiats, offer greater opportunities for surveillance by brooding adults that might 

themselves be targets for predators. Saltflats are used for nesting by nine other 

species of birds (Noske 2003), suggesting that these avian "nurseries" are a safe 

haven for breeding. 

One confounding factor in the present study (and that of Noske 2001) is that the 

major study sites were situated within the Darwin urban area. Noske (1998a) found 

that Rufous-banded Honeyeaters Conopopliila albogularis in the suburbs of Darwin 

enjoyed exceptionally high nest success (70%; n = 274) and annual productivity (5.8 

fledglings per pair), which was attributed to the long breeding season (10 months) 

and the scarcity of nest predators, in particular snakes and large avian predators, 

such as Blue-winged Kookaburra Dacelo leaclzii. A paucity of nest predators in urban 

Darwin may also explain why Bar-breasted Honeyeaters, a species that invariably 

nests over creeks and lagoons, often nests over land in Darwin suburbia. Whilst the 
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mangals of Rapid Creek and Ludmilla Creek are intact systems with little 

disturbance, it is possible that several nest predators are lacking from the 

surrounding habitat, resulting in reduced nest predation. 

4.1.3 Aims 

In this chapter I evaluate the role of nest predation in the breeding biology of the 

gerygones through observations of nests of both species, and artificial nest 

experiments. I attempted to answer the following questions: 

Given the "popularity" of saltflats as breeding areas for birds (Noske 2003), 

do saltflats (where Mangrove Gerygones breed) experience lower nest 

predation rates than tidal creeks (where Large-billed Gerygones breed)? Are 

the major nest predators of these subhabitats the same? 

Given greater activity of potential reptilian nest predators during the wet 

season are nest predation rates higher during this period than during the dry 

season? 

Do nests separated from the edge of the saltflat, or directly over tidal 

channels suffer less nest predation than those on the saltflat edge or on the 

banks of creeks, respectively (as predicted above)? 

Given the large discrepancy in size of the nests of Large-billed and 

Mangrove Gerygones, does nest size affect nest predation rates? 

Do nests in mangals within the Darwin metropolitan area enjoy greater 

protection from nest predators than nests in areas outside the urban 

influence? 



4. 2 Methods 

4.2.1 Predation on natural nests 

Predation rates of active nests of the two gerygone species were investigated at 

three sites: Ludmilla Creek, Rapid Creek and Tiwi. Nests were checked every two to 

seven days depending on accessibility, and any sign of predation (missing egg or 

nestling, nest damage) was recorded. The contents of accessible nests were checked 

using a mirror and torch. Depending on the location of nests (nest position), 

sometimes it was necessary to confirm the contents of nests by feeling them with 

fingers that were previously rubbed with the surrounding foliage or bark. Less 

accessible nests were watched with binoculars for up to 20 minutes to determine the 

breeding stage through bird activity. Breeding stages were classified as: building, 

egg laying, incubation, nestling, and fledging; and nest status, as depredated, 

flooded, abandoned, unknown status, and unknown fate (as described in Chapt 3). 

4.2.2 Predation on artificial nests 

Artificial nest predation experiments were used to examine spatial and seasonal 

variation in nest predation rates. Nests were constructed from (hollow) tennis 

balls, covered with coconut fiber, with an "entrance" hole of 3-4 cm diameter. 

However, at the end of the first experiment in May 2001, several artificial nests 

showed damage (coconut fiber had been pulled out) at the back of the entrance 

without predation of eggs, indicating that the design did not allow sufficient access 

to the eggs. Therefore, beginning in August 2001, the design of the nest was 

modified by adding a hole of 3-4 cm diameter on the side opposite the entrance. 

Experiments using the new nest design were conducted in four trials (August and 

November 2001, and February and May 2002) to determine whether nest predation 

rates varied seasonally. To minimise chemical odour from the adhesive, nests were 

left outdoor for at least two weeks prior to first use. 

Nest predation in urban sites might be expected to be lower than in non-urban 

sites, because Darwin's suburbs lack kookaburras and crows, and presumably 

support few snakes (Noske 1998a). To test this hypothesis, 36 artificial nests were 



placed in each of three urban sites (Ludmilla Creek, Rapid Creek and Tiwi and 36 in 

each of three non-urban sites (East Arm, Hudson Creek and Buffalo Creek), giving a 

total of 216 artificial nests. 

The large, conspicuous nests of Large-billed Gerygones might be expected to 

attract more nest predators than the smaller, better-hidden nests of Mangrove 

Gerygones. To determine whether nest size affected nest predation rates, artificial 

nests of two sizes were compared. "Large" nests (imitating nests of the Large-billed 

Gerygone) had a minimum total length of 28 cm, while "small" nests (imitating 

those of the Mangrove Gerygone) had a maximum total length of 20 cm (t (005, 198) = 

58.44, p<  0.05). 

Lack of a continuous canopy on saltflats compared to habitat along the tidal 

creek might prevent the movement of potential nest predators in the saltflats. Many 

species that live in mangals use saltflats for nesting (Noske 2003). Therefore, it was 

expected that nest predation should be lower in the saltflat habitat than along the 

tidal creek. To examine whether nest predation rates in saltflats were higher than 

along tidal creeks, one half (n = 18) of the nests at each sampling site were placed in 

saltflats, and the other half along tidal channels. 

To examine the influence of the distance of nest plants from the edge of saltflats, 

six nests were placed in each of three locations: in isolated plants 3-10 in from the 

saltflat edge, at the edge of the saltflat, and 3-7 in inside the dense vegetation 

surrounding the saltflat. Similarly, to examine the influence of nesting over tidal 

channels, six nests were suspended in each of three locations: over the middle of the 

channel, 5-10 in from the channel, and 10-15 in from the channel. 

At the start of each experimental trial, one Japanese Quail egg and one plasticine 

egg were placed in each nest. Quail eggs provided olfactory cues for predators that 

hunt by smell. Although quail eggs might be considered too large for some nest 

predators to handle or swallow (Roper 1992; Fulton & Ford 2003), Lewis and 

Montevecchi (1999) found no significant difference in predation rates between nests 

containing larger quails' eggs and those containing smaller quails' eggs. Plasticine 

eggs were used to attempt to identify nest predators from the impressions left by 
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their teeth, claws or beaks in the plasticine. To make the plasticine egg firmer and 

prevent it from melting in the tropical heat, I kneaded the plasticine with a pinch of 

plaster of Paris for each artificial egg. The plasticine eggs were then soaked in water 

and air-dried. 

Artificial nests were erected and left for 2-7 days before inserting the eggs, to 

imitate egg laying in real nests. Nests were attached to branches with wire at heights 

of 0.8 m - 2.5 m. To minimise human odor hands were rubbed with foliage before 

entering the site or transects. Nests were left for 16 days, corresponding with the 

incubation period of Mangrove Gerygone (see chapter 3), and checked at four-day 

intervals (on Days 4, 8, 12 and 16). Nests were categorized as depredated if either or 

both eggs were missing or damaged (Major et al. 1994; Gardner 1998; Taylor and 

Ford 1998; Matthews et al. 1999). Plasticine eggs from depredated nests were 

collected, labelled and preserved for subsequent examination of markings left by 

nest visitors. 

4.2.3 Predator Identity 

Zimmermann (1997) suggested that the predominant nest predators differed in 

two types of rainforest in the Darwin region. As the two subhabitats of the Large-

billed and Mangrove Gerygones differed markdly in light intensity and air 

temperature, as well as in the density and height of plants, they might be expected 

to differ in their nest predator faunas. Marks left on plasticine eggs during the above 

experiments were categorized into teeth marks, beak marks and others. I attempted 

to identify the species of nest predator responsible for teeth marks (only) by 

comparing the marks with the teeth of specimens of suspected nest predators held 

at the NT Museum and Art Gallery. 

As plasticine eggs are considered by some researchers as unreliable indicators of 

nest predators (Major 1991; Major et al 1994; Brown et al. 1998; Fulton and Ford 

2003), I also used remotely triggered cameras. A camera trap, based on the design 

used by Berry (2002a) consisted of an instamatic camera with built-in flash (Ricoh 

35R) equipped with a remote-trigger cable, except that a micro-switch was used in 

place of the original remote trigger button, because it was much smaller 
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(20x10x6mm), so it could be placed inside an artificial nest. To protect the camera 

from rain or dew, each camera was placed in a clear plastic box with a hole cut in 

the front for the lens and flash. 

Each camera was placed in a tree or on a pole, depending on availability, 

approximately 60 cm from the artificial nest. Branchiets of mangroves were placed 

over the camera for camouflage. One plasticine egg and one quail egg were inserted 

into the artificial nest as bait, and to replicate conditions in the above artificial nest 

experiments. The plasticine egg was placed on the button of the micro-switch, and 

the camera power switched on at the start of the experiment. When the plasticine 

egg was removed (for instance, by a nest predator), the micro-switch was released, 

sending a signal to the camera to release the shutter and photograph the visitor. Site 

selection was sometimes constrained by the likelihood of stealing and vandalism, as 

local people often visited some parts of the study sites. 

The camera experiments were conducted during two periods, January-February 

and August-September 2002. During both periods, one camera was deployed in 

each of the two sub-habitats at both Rapid Creek and Ludmilla Creek. Each nest-

camera was checked at intervals of three days for a maximum of 16 days. After 16 

days, or after suspected predation had occurred (a photograph had been taken), the 

camera was moved to another location at least 50 in from its original position. 

Due to the limited success of the above camera system, an infra-red triggered 

camera (Trail master TM-133) was used in 2003 to identify nest predators in the 

saitfiat in Rapid Creek and permanent swamp at Tiwi. An old nest of Mangrove 

Gerygones was used in the saltflat, whilst in the swamp an artificial nest resembling 

Large-billed Gerygone nest was used. The nest was placed hanging between an 

infra-red transmitter and a receiver. The receiver was connected to the camera, so 

that when the infra-red beam was broken by the movement of the nest or the 

potential predator (hereafter called an "event"), the camera shutter was released. At 

the beginning of the experiment, the system was checked every day to determine 

the number of events recorded, but subsequently, it was checked at three-day 

intervals. I used film with 24 exposures, so the maximum number of events that 

could be recorded was 24 events per 3-days interval. The system was left in one 
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location for six days per experiment before it was moved to another location at least 

50m away. The experiment was done in July and August 2003, and October 2003. 

4.2.4 Data Analysis 

Rates of nest predation were expressed as the percentage of nests that were 

depredated. Although partial losses of clutches (reduced number of eggs in a 

clutch) were observed in some nests (Table 4.1), it was difficult to determine 

whether it was caused by predation or by other causes. Therefore only nests that 

were completely lost were considered predated. Martin (1993) also reported 

predation rates on a per-nest basis to avoid the potential bias in determining nest 

loss. Only nests of successful, depredated or unknown fate were included in 

analyses. 

Table 4.1. Examples of Large-billed Genjgone nests that suffered partial egg losses 

Nest no. Date Nest contents Fate 
HB2a 13.xi.00 3 eggs Nestling 

15.xi.00 3 eggs depredated 
17.xi.00 2 eggs 
19.xi.00 2 eggs 
21.xi.00 1 nestling 

LE5-00 28.x.00 2 eggs Abandoned 
2.xi.00 2 eggs 
6.xi.00 1 egg 

LK5 14.x.00 3 eggs Successful 
17.x.00 3 eggs 
20.x.00 2 eggs 
22.x.00 2 nestlings 

Daily predation rates (DPR) for eggs and nestlings were calculated using the 

Mayfield method (Mayfield 1961, 1975). As this method requires that nests be 

checked at least twice, nests that were inspected only once were excluded from 

analyses. The Mayfield method is based on the period over which nests are active 

and "available" to be depredated. For nests whose fate was unknown, this period 

was calculated from the first day of observation to the last observed active date, 

whereas for nests of known fate, I took the midpoint between the last day of 

observed activity and the first day of inactivity (Manolis et al. 2000; Schaefer et al. 
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2004). For calculations of nest mortality I used my estimates of incubation periods 

of 19 days and 16 days for Large-billed and Mangrove Gerygone, respectively, and a 

nestling period of 15 days (see Chapter 3). The nest cycle was the sum of the both 

periods, ie. 34 and 31 days for Large-billed and Mangrove Gerygones, respectively. 

Chi-square tests were used to compare Daily Predation Rates between incubation 

and nestling periods. 

Both species of Gerygone breed in almost all months of the year, with 

reproductive peaks during the late wet and late dry seasons (Chapter 3). I pooled 

three years of data (2000-2002) to compare predation rates between peaks. Of the 

two species, the Mangrove Gerygone had the more clearly defined breeding season 

with first clutches of the year being laid in February, and no nest initiation in June. 

The next nest building was recorded as early as in July. Therefore, for convenience, I 

categorized nests initiated during the first six months of the year (January-June) as 

the first pulse, and the second half of the year (July-December) as the second pulse. 

The same durations of nest cycles (34 and 31 days for Large-billed and Mangrove 

Gerygone, respectively) were used for both pulses because there were insufficient 

data to make comparison of nest periods between the two pulses. Spearman Rank 

Correlation analysis was used to test whether the level of predation on gerygone 

nests in a given month was correlated with nest activity (ie. the number of active 

nests). 

Rates of artificial nest predation was expressed as the percentage of depredated 

nests of similar size in one location. Because there were three nests of each size in 

one location (or transect), the values of nest predation rates were 0, 0.33, 0.67, or 1. 

Data were stored in Microsoft Excel and analyzed with ANOVA using GLM in 

STATISTICA version 6.1. I excluded trial 1 from the analysis because the nest design 

in that trial differed from that of the remainder. 

The types of marks on the plasticine were compared between habitats. Analyses 

was performed to compare predation by birds and mammals, therefore only 

plasticine eggs with beak marks or tooth marks were used in the analysis. A three-

way ANOVA showed that predator types (as indicated by types of marks) did not 
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differ between trials and sub-habitats. Effort in camera trapping was expressed as 

camera-days. 

4. 3 Results 

4.3.1 Predation on natural nests 

Of a total of 183 nests of Large-billed Gerygones whose fates were known, 104 

(56.8%) were lost due to predation, while 73 nests (49.3%) of 148 Mangrove 

Gerygone nests were depredated. This represented 68.4% of all nest losses (n = 152) 

for Large-billed Gerygones, and 68.2% of failed nests for the Mangrove Gerygone (n 

= 107). Using the Mayfield method, nest mortality was 72.5% for Large-billed 

Gerygones and 67.7% for Mangrove Gerygones. There was no significant difference 

in daily nest predation rates between Large-billed and Mangrove Gerygones (x2=0. 

df=1, p>0.05). In addition, daily predation rates did not differ significantly between 

incubation and nestling stages for either the Large-billed Gerygone (2=2.04;  p>0.05) 

or Mangrove Gerygone (x21.0.  p>0.05; Table 4.2). 

Table 4.2 Days of exposure, Daily Predation Rate (DPR), and nest mortality during the 
incubation and nestling periods of the study species 

Species Stage Exposure 
days 

Nests de- 
predated 

DPR Nest 
mortality 

Large-billed Incubation 2367 74 0.0313 0.45 
Gerygone 
(n=204) Nestling 683 29 0.0425 0.48 

Mangrove Incubation 1598 50 0.0313 0.40 
Gerygone 
(n=142) Nestling 520 21 0.0404 0.46 

There was no significant variation in monthly nest predation rates for the Large-

billed Gerygone (Kruskall Wallis H (11,27) = 16.30, p>0.05; Fig 4.1) or Mangrove 

Gerygone (Kruskall Wallis H (7,22) = 9.61, p>0.05; Fig. 4.2). The monthly level of nest 

predation was positively, albeit weakly, correlated with the number of active nests 

for Mangrove Gerygones (r5  = 0.92, p>0.05), but not for Large-billed Gerygones (r5  = 

0.33, p < 0.05). 
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4.3.2 Artificial Nest Predation 

The rate of predation of artificial nests varied significantly between seasons 

(F(3,273)=3.56, p<0.05).  with less predation occurring in May (2002) than in the other 

three months of sampling (Fig 4.3). Rates of predation on artificial nests were 

significantly higher in non-urban sites than in urban sites (F(1,273) 26.9, p<0.0.5) (Fig. 

4.4). They were also significantly higher along tidal creeks than around saitfiats 

(F(1,273)=56.876, p<O.OS) (Fig. 4.5). The risk of nest predation appeared to decrease 

with increasing distance from the tidal channel (Fig 4.6a) or from the edge of the 

saitfiat (Fig 4.6b), but these distance effects did not significantly affect nest predation 

overall (F(4,270)= 0.67,  p=  0.61). Contrary to expectations, there was a tendency for 

higher predation among small nests than among large nests (Fig. 4.7), but the 

difference in predation rates between the two nest sizes was not significant overall 

(F(1,273) =3.4219, p>0.05). 
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Figure 4.3 Seasonal variation in predation rates of artificial nests. Vertical bars denote 0.95 
confidence interval. 
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Figure 4.7 Predation rates of artificial nests of different sizes 

4.3.3. Predator Identity 

Of the 314 plasticine eggs that could be recovered from depredated nests, 110 

(35%) had mammalian teeth marks, 103 (33%) had bill marks made by birds, and the 
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remainder had unidentifiable (indeterminate) marks, possibly made by reptiles or 

crabs (Table 4.3). Markings were found on more eggs from nests on saitfiats than 

from those on the tidal creeks, but there was no significant difference between these 

sub-habitats in the relative frequency of the two types of markings (x2=1.04.  dfl, 

p>0.05), suggesting that the types of nest predators in each sub-habitat were similar. 

Table 4.3 Nuniber of artificial eggs wit/i marks made by presumed nest predators 

Habitat Teeth marks Bill marks Indeterminate Total 

Saltflat 73 75 70 218 

Tidal creek 37 28 31 96 

Total 110 103 101 314 

The relative frequency of teeth and bill markings varied significantly between 

trials (x2=  23.6, p<0.001) (Table 4.4). Teeth markings predominated in February and 

May (late wet-early dry season), whereas bill markings were commonest in August 

(late dry season). Although the teeth markings could not be identified with absolute 

certainty, they indicated bites by the Northern Quoll Das yarns hallacutus, Northern 

Brush-tailed Possum Trichosau ru s arnhemensis, and several rodent species, including 

Rattus spp, the Tree-rat Mesenibriomys gouldii and Mosaic-tailed Rat Melonzys hurtoni. 

Bill markings were impossible to identify. On one occasion a Black Butcherbird was 

seen perched on an artificial nest, pulling out coconut fibres, before the eggs had 

been introduced (S. Manullang, pers. obs.). 

Table 4.4 Number of artificial eggs wit/i toot/i and beak markings in each trial 

Trial-months Teeth marks Bill marks Total 

August 31 46 77 

November 18 27 45 

February 24 9 33 

May 37 21 58 

Total 110 103 213 
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The mechanically-triggered cameras were operated for 128 camera-days, 

comprising 64 camera-days (4 trials) in January-February and 64 camera-days (4 

trials) in August-September. No predation events were recorded during either 

period. The first camera set in a saitfiat was triggered by a Yellow White-eye 

Zosterops luteus attempting to steal coconut fibre from the nest. One camera was 

triggered by unknown causes, and the others were never triggered during the 16-

day periods. In all trials, quail eggs remained intact for the duration of the trial. 

The infra -red camera were set up twice at different locations on a saltflat at 

Rapid Creek. On the first trial, the system was left for 16 days, but because there no 

predation event took place taken during the period, the cameras was left for only 6 

days in further trials. No predation event was captured during the total 24 camera-

days (4 trials), although the camera was triggered and events were recorded. The 

next trial was conducted near the Large-billed Gerygone nest sites in Tiwi. Over 30 

camera-days (5 trials), one suspected predation event was captured, featuring an 

Olive-backed Oriole Oriolus sagittatus perching on the nest. Other animals 

photographed during additional trials were a Black Butcherbird Cracticus quoyi and 

a White-gaped Honeyeater Lichenostomus unicolor. 

During the period of my study, nest predation events were witnessed on two 

natural nests only. One involved a Black Butcherbird robbing a nest of Large-billed 

Gerygones, immediately after the incubating female was flushed from the nest. The 

Butcherbird ripped the nest open, and consumed the two gerygone eggs on the 

ground. The event occurred just before dusk (17:40-18:00 hrs). The second event 

involved predation of young Mangrove Gerygone nestlings by a Little Bronze-

Cuckoo (S. Manullang pers. comm.). The cuckoo perched in front of the nest 

entrance and reached into the entrance hole with its head, then retrieved its head 

and made a swallowing movement. This movement was repeated before it flew 

away. On inspection both nestlings had been taken, and the nest was undamaged. 

The whole event took a very short time, so the host parents did not see the cuckoo. 

The event took place around midday. 
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4.4 Discussion 

In the previous chapter I showed that unadjusted nesting success was slightly 

lower in Large-billed Gerygones than Mangrove Gerygones, yet based on days of 

exposure (Mayfield method), the success was very similar (17-18%). The results in 

this chapter suggest that Large-billed Gerygones suffered slightly higher rates of 

nest predation than Mangrove Gerygones, yet the daily predation rates were not 

significantly different. Despite the lack of differences in nest predation rates of the 

two species, predation of artificial nests showed that saltflats experienced lower 

rates of nest predation than tidal creeks. This may explain why saltflats are popular 

as breeding areas for birds (Noske 2003). In addition, such open environments 

afford better surveillance for predators. 

The popularity of saltflats as nesting areas might also reflect a predilection for A. 

niariiia, the main mangrove around the edges of saltflats. Indeed, 66% of nests of the 

Brown Honeyeater Liciwiera indistincta, and 78% of those of the Yellow White-eye 

Zosterops lutea, were built in this mangrove (Franklin and Noske 2000; Noske 2003). 

It may be easier to build nests in this species, as their leaves are soft and widely-

spaced while those of other mangroves tend to be more rigid and clustered towards 

the ends of the branches (Noske 2003). 

There was no evidence that the types of nest predators differed between the two 

sub-habitats, indicating that the difference in nest predation rates between sub-

habitats is probably due to lower numbers of nest predators around saltflats, or 

greater visibility of nests over tidal creeks. The lack of any significant effect of nest 

size suggests that nest predators in the mangals may be using olfactory rather than 

visual cues. Such predators are likely to be nocturnal, such as snakes and mammals. 

The sharp decrease in predation of artificial nests between February and May is 

consistent with the hypothesis of reduced reptilian activity during the dry season, 

yet there was no unequivocal evidence of nest predation by reptiles. On the other 

hand, plasticine eggs are not useful for detecting many reptilian predators, which 

swallow their prey whole, and use both smell and infra-red radiation (body heat) to 

hunt. Yet snakes were thought to be responsible for most nest losses in the Rainbow 
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Pitta Pitta iris at Fogg Dam, near Darwin, during the pitta's wet season breeding 

(Zimmermann 1997), and Common Tree Snakes and Children's Pythons have been 

seen in mangals (R. Noske, pers. obs.). Moreover, several monitors occur in 

mangals, including the small Mitchell's Water Monitor Varanus mitchellii, which has 

been observed being mobbed by birds at Ludmilla Creek. 

It was hypothesised that Mangrove Gerygones built their nests in isolated plants 

on saltflats to reduce the risk of nest predation. The hypothesis was supported by 

the analysis of nest success in relation to distance from the saltflat (Chapter 3), but 

not by the artificial nest experiments. On the contrary, artificial nests on the saltflats 

seemed to attract more (albeit not significantly) predation than those on the edge, or 

even inside the forest (Fig. 4.5). The inconsistency between the two sets of results 

may have occurred because real nests in isolated plants are (despite their location) 

well-hidden, whereas the artificial nests, especially the large ones, were more 

conspicuous. 

It was also hypothesised that nests over the tidal creek would enjoy more 

protection from nest predators than nests away from the creek. On the contrary, 

artificial nests over the creek appeared to suffer slightly more (albeit not 

significantly) predation that other nests. The failure of Large-billed Gerygone nests 

over creeks was thought to be more due to flooding than predation (Chapter 3). 

Nest predation over water might involve aquatic animals (eg. crabs) or other 

animals that can swim. Recent surveys of mammals in mangals have revealed the 

unsuspected presence of Mosaic-tailed rats (Melomys burtoni) on tidal channels (K. 

Metcalfe, pers. comm.). These rodents are agile and arboreal. The semi-aquatic 

Water Rat Hydronnjs chrijsogaster has also been trapped in the vicinity of mangals (K. 

Martin, pers. comm.). In short, these results do not support the hypothesis of 

Immelmann (1961) that nests over water are safe from nest predators. 

It was predicted that nest predation would be higher outside the metropolitan 

area of Darwin than at the study sites because Darwin lacks kookaburras and crows, 

and probably has fewer snakes and native mammals. This hypothesis was 

supported, suggesting that the study populations of gerygones at Ludmilla Creek 

and Rapid Creek suffer less nest predation than populations outside Darwin. 
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However, real nest predation levels for the study populations were high (49-57% 

using the Mayfield method), indicating that caution should be exercised in 

interpreting the results of these artificial nest experiments. 

It is conceivable that Darwin harbours some predators that are rare outside the 

urban area, including the introduced Black Rat Rattus rattus and domestic cat (Felis 

cattus), which may wander into mangals from the surrounding suburbs. In 

suburban habitats in south-central Florida, Thorington & Bowman (2003) found that 

nest predation increased with housing density. Darwin suburban gardens are 

continuously-watered, and contain food resources that may support elevated 

populations of both introduced and native mammals, which may, in turn, 

opportunistically depredate bird nests (eg. Brush-tailed Possums). These rainforest-

like gardens may also support elevated populations of the Little Bronze-cuckoo, 

which parasitise and even depredate gerygone nests (see Chapter 5). 

Predation events were never recorded by camera traps although two known 

avian nest robbers (Black Butcherbird and Olive-backed Oriole) were photographed 

under suspicious circumstances. The location of suitable sites for the placement of 

cameras was constrained by tides in the tidal creek sub-habitat, and the lack of 

vegetative cover on saltflats. Under such conditions it was difficult to hide the set-

up, including the cables. It is suspected that the set-up frightened many potential 

diurnal predators, as nests at the same sites had been depredated during the 

artificial nest experiment. 
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Chapter 5 

BROOD PARASITISM BY LITTLE BRONZE CUCKOO 

5.1 Introduction 

This chapter assesses the significance of brood parasitism in the reproductive 

biology of the Large-billed and Mangrove Gerygones. The Large-billed Gerygone is 

the putative major host of the mainly tropical, brood-parasitic Little Bronze-Cuckoo 

C1zrisococcjx ininutillus (Brooker & Brooker 1989a). However, 16% of the 31 nests of 

Mangrove Gerygones studied by Noske (2001) in the Darwin area were parasitised 

by this species. The Little Bronze-Cuckoo is one of the most specialized of all brood-

parasitic cuckoos, laying its eggs only in the nests of Genjgone species throughout its 

range in Australasia and South-east Asia. In New Zealand, where the Little Bronze-

Cuckoo is absent, 55% of late nests of the endemic Grey Gerygone Gerygone igata are 

parasitized by the migratory Shining Bronze-cuckoo C. lucidus (Gill 1982a,b, 1983). 

The breeding biology of the Little Bronze-Cuckoo is very poorly known (Brooker & 

Brooker 1989a; Higgins 1999), in contrast to that of the Shining Bronze-cuckoo (Gill 

1982a,b,c; Brooker & Brooker 1989a,b, 1990). I studied the breeding biology of the 

Little Bronze-Cuckoo in the Darwin region because of its potentially significant 

impact on the reproductive success of Large-billed and Mangrove Gerygones. 

5.1.1 Brood parasitism: adaptations and counter-adaptations 

Interspecific brood parasites are species that have relinquished care of their own 

offspring by laying their eggs in the nests of other species. As brood parasitism 

reduces host reproductive success, acceptance of the brood parasitic offspring by the 

host seems maladaptive (Rothstein 1990). The young of brood parasitic cuckoos 

eventually evict the nestlings of the host, leaving the host with zero reproductive 

success (Brooker & Brooker 1989b; Marchetti 2000). While nest predation rates can 

be as high as 50%, brood parasitism usually represents only about 10% of nests 

(Rothstein 1990). However, because pairs whose nests have been depredated have a 

greater opportunity to re-nest than pairs whose nests are parasitised (and who 

waste time rearing the brood-parasite), the effect of brood parasitism can be as great 

as nest predation in determining reproductive success (Rothstein 1990). This should 
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result in strong selection for host recognition of cuckoo eggs or nestlings, or cuckoos 

as their enemies, and behaviour aimed at minimizing parasitism of host broods. 

Avian brood-parasites have evolved many special traits to gain parental care 

from their hosts, while the hosts have evolved traits to avoid parasitism. 

Adaptations of brood-parasitic cuckoos during the egg stage include mimicry of 

host egg colour pattern and size, removal of one of the host eggs prior to laying (so 

that the clutch size appears normal), thick-shelled eggs (to reduce the risk of 

breakage) and shorter incubation periods (so that they hatch before the hosts' 

young), and during the nestling stage, mimicry of nestling appearance or voice 

(Payne 1977, 1998; Davies & Brooke 1988; Brooker & Brooker 1989b; Payne & Payne 

1998; Winfree 1999). Counter-adaptations of hosts include ejection or burial of the 

parasitic egg, and abandonment of the nest (Payne 1977, 1998; Davies & Brooke 

1988; Johnson & Temple 1990; McLean & Rhodes 1991; Lotem & Nakamura 1998; 

Fernandez & Mermoz 2000). Despite this, the vast majority of parasitic eggs are 

accepted. 

Hosts are exposed to brood parasite in three different forms (adults, eggs and 

nestlings) and they may respond to any of these forms (McLean & Maloney 1998). 

Apart from removing one of the host eggs before they lay their own and causing 

accidental damage to other eggs or the nest itself, adults of some brood parasites 

destroy their host's nests or kill their young to stimulate re-nesting (see below). As 

such, hosts that recognize the adult brood parasite as an enemy may respond to it by 

driving it away from the nest (mobbing), freezing or hiding while watching it, 

leaving the nest vicinity (so as not to give clues to the nest location), guarding the 

nest (especially males) or preventing access to the nest by remaining on it, especially 

females (McLean & Maloney 1998). 

Parasitic eggs, if recognized, may be ejected, buried or abandoned, but there are 

costs associated with these responses (Lotem & Nakamura 1998). The host might 

make a mistake ('recognition errors') and reject its own eggs (Davies & Brooke 1988; 

Marchetti 1992; Lotem et cii. 1995; Davies et cii. 1996). Secondly, the host could 

damage its own eggs while ejecting a parasitic one with its bill (Rothstein 1976, 1977; 

Rohwer & Spaw 1988; Rohwer et cii. 1989; Moksnes et cii. 1991; Marchet±i 1992). 
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Finally, the host may suffer retribution by the parasite ('Mafia' hypothesis). Soler et 

al. (1995) found that fewer young fledged from nests of Magpies Pica pica from 

which Great Spotted Cuckoo Clamator glandarius eggs had been experimentally 

ejected than from control parasitised nests, because cuckoos destroyed nests from 

which eggs were removed. Desertion of a parasitised nest or burial of a parasitic egg 

may also incur costs due to loss of time and energy(Lotem & Nakamura 1998). 

Mimicry of host nestlings is best known in the African Viduine weavers, but it 

is also exhibited by nestlings of two or three species of large parasitic cuckoos that 

do not evict host young, and are reared with them (Lack 1968; Davies & Brooke 

1988). Davies & Brooke (1988) showed that Reed Warbiers Acroceplialus scirpaceus 

discriminated against eggs dissimilar to their own, but they could not discriminate 

against chicks of another species and did not favour either a cuckoo chick or their 

own chicks when they were placed in two nests side by side. However, as Gill (1998) 

points out, Reed Warbler nests are open cups, in well-lit locations, unlike those of 

gerygones. 

5.1.2 The Little Bronze-Cuckoo and its hosts 

The Little Bronze-Cuckoo is widespread in South-east Asia, east to New Guinea 

and tropical and subtropical parts of Australia (Higgins 1999). Of the two Australian 

races, C. in. ininutillus is resident in the Top End of the Northern Territory and 

Kimberley region, while C. in. harnardi breeds in northern New South Wales and 

south-eastern Queensland, migrating to northern Queensland and southern New 

Guinea. In the Northern Territory and Kimberley region, the Little Bronze-Cuckoo 

is strongly associated with closed forests, particularly mangals, monsoon rainforest 

and riparian vegetation (Crawford 1972; Thompson 1982; Woinarski et al. 1988; 

Jolmstone 1990; Noske 1996; Higgins 1999). The species overlaps, and probably 

hybridises, with the very closely-related Gould's Bronze-Cuckoo C. russatus in 

eastern Queensland, and the two species are sometimes considered conspecific (eg. 

Brooker & Brooker 1989a). 

The most-specialised of all Australian cuckoo species in their choice of hosts, the 

Little and Gould's Bronze-Cuckoo lay their eggs almost exclusively in nests of 

109 



Gerijgone species (Brooker & Brooker 1989a). Outside Australia, the Little Bronze-

Cuckoo is known to parasitise the nests of the widespread Golden-bellied Gerygone 

G. suiphurea only (Medway & Wells 1976; White & Bruce 1986; Payne 1997). In the 

Top End of the NT and Kimberley region, the major host of the Little Bronze-

Cuckoo is thought to be the Large-billed Gerygone, although Brooker & Brooker 

(1989a) point out that this may be due to observer bias, because the nests of this 

species are large, conspicuous and often at eye-level, whereas those of other 

Gerygone species are smaller and usually built in inaccessible situations. Of 36 

parasitised nests listed for the Top End of NT and Kimberley region of WA, 29 (81%) 

were of Large-billed Gerygone, 5 (14%) of Mangrove Gerygone, and the remaining 

two, White-throated Gerygone G. olivacea. In addition, there are at least eight records 

of brood parasitism of the Green-backed Gerygone G. cliloronata by Little Bronze-

Cuckoos in the region (Thompson 1982; Noske, unpublished data). Of 31 broods of 

Mangrove Gerygone in the Darwin area studied by Noske (2001), five (16%) were 

parasitised by the Little Bronze-Cuckoo, suggesting that the Mangrove Gerygone 

may be more important as a host species than previously recognized. 

As in other bronze-cuckoo species, the female Little Bronze-Cuckoo has been 

reported to remove a host egg at laying, and presumably lays one egg in each host 

nest (Brooker & Brooker 1989a). Of 69 parasitised nests of Large-billed Gerygones 

for which clutch size was recorded in the literature, the mean number of host eggs 

was 1.7 (Brooker & Brooker 1989a), while the normal clutch size in the Darwin 

region is 2.7 (Chapter 3). Adult Shining Bronze-Cuckoos in Australia have been 

observed robbing a host nest and either destroying or eating the nest contents 

(Chalk 1950; Morris and Catchpole 1978). 

5.1.3 Eggs and nestlings of the Little Bronze-Cuckoo 

Most brood-parasitic cuckoos lay eggs that mimic those of their hosts. Of the 12 

brood-parasitic cuckoo species in Australia, only three, the Little Bronze-Cuckoo, 

Gould's Bronze-Cuckoo and Shining Bronze-Cuckoo C. lucidus, lay non-mimetic 

eggs. While the size of the eggs of these cuckoos is similar to that of their hosts 

(Brooker & Brooker 1989a), the colour of their eggs is radically different. The eggs of 

gerygones and other hosts are whitish with varying amounts of reddish or pinkish- 
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brown speckles (see also Chapter 3), while those of the above cuckoos are dark, in 

the case of the Little Bronze-Cuckoo, uniform olive-bronze to chocolate-bronze 

(Brooker & Brooker 1989a; Higgins 1999). All three cuckoo species parasitise 

Gerygone species. In Australia, the major hosts of the Shining Bronze-cuckoo are 

eight species of thornbills (Acantitiza species), while in New Zealand, where the 

species is migratory, it is host-specific to the Grey Gerygone Genjgone igata (Gill 

1982a,b,c, 1983). Brooker & Brooker (1989a) noted that the "biological" hosts 

(regularly parasitised, successful host species) of these cuckoos are exceptionally 

small, being less than half their own size, and all build enclosed, dome-shaped nests. 

Nestlings of most parasitic cuckoos are naked at hatching. In contrast, the chicks 

of the three above-mentioned species of Bronze-cuckoos that lay non-mimetic eggs 

have natal down on the head and/or back. In New Zealand the newly-hatched 

Shining Bronze-Cuckoo resembles the Grey Gerygone chick in having both white 

natal down and white rictal flanges (gapes) that become yellow with age (Gill 1982, 

1998). McGill and Goddard (1979) reported that nestlings of the Gould's Bronze-

Cuckoo and their major host, the Large-billed Gerygone, both had black skin and 

white natal down. They also noted that the pale pink skin and pale yellow natal 

down of nestling Little Bronze-Cuckoos "to a remarkable degree simulates that of 

the nestlings of the White-throated Gerygones, their major host in NE NSW. 

Although these authors were more interested in the taxonomic implications of the 

differences between these two Bronze-cuckoos, they suggested that such variation 

may represent local adaptations to different host parents. These observations 

suggest a degree of nestling mimicry among the three species of Bronze-cuckoos 

that lay non-mimetic eggs (Gill 1983, 1998). 

Finally, McLean and Waas (1987) noted that the begging calls of the nestling 

Shining Bronze-cuckoo mimic those of the young Grey Gerygone, but experiments 

showed that adult gerygones can discriminate between the two types of calls 

(McLean and Rhodes 1991). 

Ill 



5.1.4 Host adaptations to brood parasitism by bronze-cuckoos 

Mason & McKean (in Thompson 1982) hypothesised that the long breeding 

season of the Large-billed Gerygone in the Top End "may help to offset losses 

through parasitism by Little Bronze-Cuckoos", but did not present supportive 

evidence. This infers that the cuckoo either takes advantage of the long breeding 

season of the Large-billed Gerygone, or forces host populations to extend the period 

over which they breed. The breeding season of the Large-billed Gerygone is longer 

than that of the Mangrove Gerygone (Chapter 3), although that of the less-

frequently parasitized Green-backed Gerygone may be as long as that of the Large-

billed Gerygone (Noske & Franklin 1999). 

In south-western Australia, Shining Bronze-Cuckoos lay their eggs in the nests 

of several dome-nesting species, yet none of the hosts reject cuckoo eggs (Brooker & 

Brooker 1989a). Similarly, Gill (1983) found that Grey Gerygones in New Zealand 

accepted eggs of the Shining Bronze-cuckoo, but only late-breeders were affected by 

brood parasitism since the cuckoo was migratory, arriving too late to parasitise early 

host nests. Brooker & Brooker (1989a) cite hosts of Shining Bronze-Cuckoos that 

have been observed to bury cuckoo eggs laid before their own, including three 

species of thornbills (Accinthiza spp) and the Brown Gerygone G. niouki. Brooker & 

Brooker (1989b) observed five eggs of Shining Bronze-Cuckoos in WA that were laid 

before the host had started to lay, and all were subsequently buried in the lining. 

Thus, early-laid cuckoo eggs received no incubation. 

High levels of brood parasitism in nests of gerygones might be due to an 

inability of gerygones to recognize Bronze-Cuckoos as enemies, and to defend their 

nests against them. Hosts usually recognize the adult parasite as an enemy (Clark & 

Robertson 1981; Smith et al. 1985; Payne et cii. 1985), but the type and intensity of 

response to it should depend on the cost to the parent birds (eg. the risk of self-

injury while attacking it) and the possibility of revealing information about the 

location of the nest and likely breeding success (McLean 1987). 

In Western Australia, Payne et cii. (1985) examined the response of Splendid 

Fairy-wrens Malunis splendens to their brood-parasite, the Horsfield's Bronze- 
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Cuckoo C. basalis, by placing a taxidermic specimen of the cuckoo near wrens' nests. 

At all nests with eggs or young, wrens of both sexes attacked the cuckoo vigorously, 

and the intensity of attacks was independent of the nest stage or part of breeding 

season, or of the age or experience of the breeding females (Payne et al. 1985). 

In New Zealand, Grey Gerygones clearly discriminated between taxidermic 

specimens of the Shining Bronze-Cuckoo and another non-parasitic bird species, but 

only male Grey Gerygones attacked the cuckoo (McLean and Rhodes 1991). Female 

Gerygones became agitated when returning to the nest, and usually moved to 

another location and delayed entering the nest for 15 minutes (vs 2 minutes for the 

non-parasitic model). In addition, after the appearance of the cuckoo, females 

incubated for a longer time (averaging 52 mm), and stayed nearer the nest during 

their first foraging trip (off-bout), than after the appearance of the non-parasite. 

McLean and Rhodes (1991) concluded that attacking of cuckoos may not be the most 

effective tactic for coping with cuckoos, even though the cuckoo is recognized as an 

enemy. However, Gill (1982c) observed a pair of Grey Gerygones building a nest, 

apparently unaware of a Shining Bronze-cuckoo in a "frozen" posture only a few 

metres away. The nest was later parasitized. Females of many brood-parasitic 

cuckoos find nests in which to lay by watching hosts build (Payne 1977). 

In view of the lack of information on the breeding biology of the Little Bronze-

Cuckoo, and of tropical Australian cuckoos generally, I collected data on the 

breeding season, egg and nestling characteristics, incubation period and nestling 

period while monitoring nests of the two gerygone species. Specific objectives of 

this study were to determine whether: 

Little Bronze-Cuckoos prefer to parasitise nests of the Large-billed Gerygone 

than those of the Mangrove Gerygone; 

the gerygones recognize and eject foreign eggs, or abandon their nests in 

response to the presence of such eggs; and 

the gerygones recognize the adult Bronze-cuckoo as an enemy, and defend their 

nests against it. 

The last two objectives were tested with experiments using model eggs and 

taxidermic mounts of birds. 
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5. 2. Methods 

Accessible nests of gerygones were checked for brood parasitism by Little 

Bronze-Cuckoos whenever possible. As the eggs of the cuckoo differ only in colour 

from those of gerygones, a torch and dental mirror were used to determine whether 

a nest had been parasitised or not. As it was more difficult to identify cuckoo 

nestlings than their eggs, and it was often infeasible to extract nestlings from nests, 

rates of parasitism were estimated for nests found during the laying and incubation 

periods only. Nests containing olive or brownish coloured eggs were considered 

parasitized, and the number of cuckoo eggs in each nest was recorded. 

The maximum length and width of eggs of cuckoos from abandoned nests were 

measured to the nearest millimetre using dial calipers. When possible, cuckoo 

nestlings were weighed and measured, in the same way as gerygone nestlings (see 

Chapter 3). Measurements of a single cuckoo nestling that had parasitized a nest of 

Green-backed Gerygones were included in the analysis. Incubation and nestling 

periods were calculated in the same way as for gerygones (Chapter 3). 

5.2.1 Egg recognition experiment 

To test the hypothesis that the gerygones do not recognise the eggs of the Little 

Bronze-Cuckoo, artificial model eggs of different colours were experimentally 

introduced into gerygone nests during the laying or early incubation period, and the 

response of the nest-owners (gerygones) recorded. The model eggs were made of 

non-toxic plasticine, mixed with plaster of Paris, and painted with non-toxic poster 

paint. Plasticine does not completely harden, so it is possible to detect marks made 

by the nest owners (Marcheth 2000) or other animals. Two types of model eggs were 

used: one painted olive-brown to resemble cuckoo eggs (type 1), and the other 

painted white, to more closely resemble gerygone eggs (type 2). The average size of 

artificial eggs was 17.0 x 11.5 mm, which were not significantly different in length 

with the egg length of the two gerygone species and of the Little Bronze-Cuckoo 

(ANOVA, F(3,22) 2.17, p > 0.05), but the width was significantly less than those of the 

Large-billed Gerygone and Little Bronze-Cuckoo (ANOVA, F (3,44) = 4.78, p < 0.01). 
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This experiment was conducted mostly in the 2003 breeding season (only five 

nests were used in year 2002). I did not remove any host eggs before introducing the 

model egg. Although Shining Bronze-cuckoos usually remove a host egg before 

laying their own egg, Brooker & Brooker (1989b) showed that the behaviour of hosts 

(thornbills and fairy-wrens) did not vary between nests from which an egg had been 

experimentally removed, and those in which the full clutch was retained before 

addition of an artificial egg. 

Nests were checked on the day following experimental treatment, and for up to 

five consecutive days to determine whether any eggs were ejected, or the nest 

deserted (Rothstein 1975). A mirror and a torch were used to check the content of 

the nests and to see whether there was any mark on the plasticine egg. To minimize 

disturbance to the clutch, the plasticine egg was not removed until activity ceased at 

the nest. 

5.2.2 Response to model brood parasite 

To determine whether gerygones recognize, and defend their nests against, 

potential brood parasites, the experimental approach of Payne et al. (1985) and 

McLean (1987) was adopted. I compared the responses of nesting pairs of gerygones 

towards a mounted taxidermic specimen of a Little Bronze-Cuckoo (parasitic bird) 

placed near the nest with their response towards a Peaceful Dove Geopelia placida 

(non parasitic control bird). The specimens, one at a time, were placed slightly (0.2-

1.5 m) below, and facing the nest, at distances ranging from 1.5 to 5 m from the nest, 

usually on flight routes used by the nest owners. I watched the nest prior to setting 

up the specimen to ensure that nest owners were not in the vicinity of the nest. At 

one nest of Large-billed Gerygone I placed the specimen while the female was 

incubating, but the male was not present near the nest. The specimen was placed at 

the side of the nest entrance to ensure that the incubating female could not see it 

from the nest. 

To ascertain whether the response of gerygones towards the models differed 

between different stages of the nesting cycle, experiments were conducted during 

both incubation period and nestling periods. However, due to the limited number of 
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nests (due to nest failures) only nests trialed during incubation were used in the 

analyses. The two specimens were displayed on different days, whenever possible 

over two consecutive days, but due to bad weather, the interval between each 

placement was up to 3 days. The order in which the dove and cuckoo were 

displayed was varied between nests. 

The behaviour of the nest owners (hereafter assumed to be the "parents") 

towards the specimens (called "models") was observed from 8-15 m, depending on 

the density of the surrounding vegetation. The time taken for the parents to discover 

the model, and the interval between discovery and their first obvious reaction, were 

recorded. The behavioural responses of parents towards the models were recorded 

for 60 s starting from the first observed reaction, and included (in order of increasing 

intensity) calling, hopping, short flights, swooping, and physical attacks. To record 

behavioural observations, I used a small tape recorder, or enlisted the assistance of a 

volunteer scribe. I also recorded the distance between the gerygone(s) and the 

model, and the number of birds involved. Unless the model was physically attacked, 

I left the model for up to 5 min before observations were terminated. 

The experiment was conducted during the second breeding pulse in 2002 and 

first breeding pulse of 2003. As the experiment was conducted during a month 

when tides were high in the morning, and therefore most nests were inaccessible, all 

trials were conducted between 11:00 and 16:00 hrs. Trials were not conducted if it 

was raining, because water would have damaged the specimen (J. Archibald, pers. 

comm.). 

5.3. Results 

5.3.1. Breeding biology of Little Bronze-Cuckoo 

The eggs of Little Bronze-Cuckoos at the study sites varied in colour from 

uniform olive-green to dark bronze-brown. Four eggs from nests of Large-billed 

Gerygones, and three from nests of Mangrove Gerygones, were measured. There 

was no significant difference between gerygone species in the size of the cuckoo 

eggs found in their nests (Mann Whitney U= 5, n=7, p>O.OS). The mean dimensions 
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of the seven cuckoo eggs were 18.9 x 12.6 mm. The eggs were slightly larger than 

those of the Large-billed and Mangrove Gerygones. The volume index of the cuckoo 

eggs was 1.58, significantly higher than volume indices for the two gerygone species 

(Kruskal-Wallis H(2, 25)= 14.44, p < 0.01). 

In general, each parasitised nest contained only one cuckoo egg. However, four 

nests (two of each species) contained two cuckoo eggs, and one nest of Mangrove 

Gerygones contained three cuckoo eggs. Although most of these nests were 

abandoned (Table 5.1), one successfully produced a cuckoo fledgling. 

Table 5. 1. Fate of gerygone nests found to contain more than one cuckoo egg. 

No. Host species No. cuckoo 

(host) eggs 

Nest Fate 

1. Mangrove Gerygone 3 (2) Depredated 

2. Mangrove Gerygone 2 (2) 1 cuckoo fledged; I cuckoo ernbryo*  and 
2 gerygone nestlings found below the 
nest 

3. Mangrove Gerygone 2 (1) Abandoned 

4. Large-billed Gerygone 2 (2) Abandoned 

5. Large-billed Gerygone 2 (2) Abandoned 

* Embryo developed and alive 
t Value in parentheses is number of host eggs 

Descriptions, measurements and weights were taken for four nestling Bronze-

cuckoos whose age could be estimated, and three nestlings of indeterminate age. All 

young nestlings, whether found in the nests of Large-billed Gerygones (n = 5) or 

Mangrove Gerygones (n = 2), showed jet black to purplish-black skin, with whitish 

down feathers on the crown, nape, and shoulders or sides of mantle. The rictal 

flange (gape) was creamy to yellowish white. At age 1-2 days, two cuckoo nestlings 

weighed 2.15 g, and one of these reached 14.9 g  two days before fledging. 

The ejection of host eggs or nestlings by the cuckoo nestling was recorded at 

four nests of Mangrove Gerygone, and took place 1-2 days after the cuckoo hatched. 
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Only two parasitized nests of Mangrove Gerygones provided sufficient data to 

estimate the incubation period of the Bronze-Cuckoo to within two days of 

accuracy. At one nest in which the cuckoo egg was laid first, the median incubation 

period was 17d 2.25h ± 2d 2.25h. At the other nest, the median incubation period 

was 15d 2.75h ± 2d 5.75h. Median nestling periods for four Little Bronze-Cuckoos 

ranged from 16d llh (± 2d 16h) to 19d 14h (± 2d 12h). The two nests providing the 

greatest accuracy gave median nestling periods of 17d 4h (± id 3h) and 18d 14h (± 

id llh), indicating that the young Cuckoo fledges approximately 17-18.5 days after 

hatching. Fifteen nestlings were recorded fledging over the three years; eight of 

them were from nests of Large-billed Gerygones and seven from nests of Mangrove 

Gerygones. 

5.3.2. Breeding season and brood parasitism rates 

Of a total of 155 nests of Large-billed Gerygones in which eggs could be 

identified, 41% were parasitised, whereas 34% of 138 nests of Mangrove Gerygones 

were parasitised (Table 5.2). For both species, the monthly proportion of nests that 

were parasitized varied between years (Fig. 5.1), but in neither species was this 

variation statistically significant (for Large-billed Gerygones, Kruskal-Wallis H(2, 

22)1.81, p>O.OS; for Mangrove Gerygone, H(2, 21) = 5.47, p>0.05). 

Table 5.2 Rates of brood parasitism of Large-billed and Mangrove Gerygones by Little 
Bronze-Cuckoo. Only nests in which eggs could he identified were coun ted. 

Year Both species Large-billed Gerygone Mangrove Gerygone 

No.nests No. No. nests No. No. nests 
parasitized (%) nests parasitised (%) nests parasitised (%) 

2000 34 (40%) 40 14 (35.0) 46 20 (43.5) 

2001 32 (36%) 51 14 (27.5) 37 18 (48.6) 

2002 44 (37%) 64 35 (54.7) 55 9(16.4) 

Total 110 (38%) 155 63 (40.6) 138 47 (34.1) 

The rates of brood parasitism of the two species shifted between years, but the 

combined species rate was remarkably consistent between years (Table 5.2). 

Combining the three years, there was no significant difference between the two 
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species in brood parasitism rates (Mann Whitney, U=36, ii=20, p > 0.05). However, 

brood parasitism rates of the Large-billed Gerygone were significantly higher than 

those of the Mangrove Gerygone in 2002 (Mann-Whitney U= 0, n=7, p <0.05), while 

in the previous year, the reverse seemed to be the case. The proportion of nests of 

the Large-billed Gerygone that was parasitised did not differ between the first and 

second breeding pulses (t=-0.88, df=9, p>0.05), whereas Mangrove Gerygones 

suffered higher brood parasitism during the first pulse than the second pulse of 

breeding (t 2.56, df=6, p<0.05) (Fig 5. 1). 

Brood Parasitism on Large-billed Gerygone 
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Figure 5.1. Parasitism rates ( of nests of Large-billed and Mangrove Gerygones 
during three combined years (2000-02). ii, number of nests of known contents. 
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5.3.2. Egg recognition Experiment 

Of the nine nests of Large-billed Gerygone that were artificially parasitized 

(four with type 1 egg and five with type 2 eggs), none showed rejection within the 5-

day period of observations. However, none of these nests successfully produced 

young. Five nests showed signs of disturbance in the late incubation stage, and two 

nests were eventually abandoned after reduction of the number of eggs. Of the 

remaining two nests, the first, containing infertile eggs, was damaged on the 20th 

day of incubation, while the second nest disappeared, probably due to flooding or 

predation. Model eggs examined both during (with torch and mirror), and after, the 

experiment show no substantial marks that may indicate they were attacked. 

Two incidents of egg ejection (13.3%) were recorded from the 15 nests of 

Mangrove Gerygones that were artificially parasitized (eight with type 1 and seven 

with type 2 eggs), both involving dark-coloured model eggs. At one nest, the egg 

showed beak marks and was found on the ground below the nest. At the other nest, 

egg ejection was actually observed. An adult Gerygone (presumably a female) 

moved backwards while rolling the egg out of the nest (S. Manullang, pers. obs.). No 

egg rejection was observed at the nests, into which white plasticine eggs had been 

introduced. No markings could be seen on model eggs during nest inspections with 

the torch and mirror. 

Only one artificially parasitized nest produced fledglings. One nest produced a 

nestling that was later depredated. Natural brood parasitism occurred in four of the 

15 artificially parasitized nests. In all cases, the artificial egg (either white or dark) 

was intact, indicating that the cuckoo replaced a Gerygone egg with its own. Two of 

these nests were later abandoned, while the other two were depredated, one during 

the incubation stage, the other, during the nestling stage. There was no difference in 

the response of Mangrove Gerygones towards different colour of eggs (x2=2.02. 
p>O.05). 
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5.3.3 Response to model brood parasite 

Both species attacked the Little Bronze-Cuckoo model aggressively, but this 

response was more consistent among pairs of Mangrove Gerygones than of Large-

billed Gerygones (Figs. 5.4-5). The model of the Peaceful Dove was not attacked by 

either species. In addition, five pairs of Mangrove Gerygones swooped on the 

Cuckoo model whereas only one pair did so on the Dove (Fig. 5.3). Large-billed 

Gerygones, on the other hand, swooped at both models equally frequently (Fig. 5.2). 

Considering all responses, Mangrove Gerygones discriminated between the models 

(Wilcoxon Matched Pairs test, Z = 2.2, p = 0.03), whereas Large-billed Gerygones did 

not (Wilcoxon Matched Pairs test, Z = 1.35, p = 0.177). Overall, the two species of 

gerygones did not differ significantly in their responses towards either models 

(Maim-Whitney test, U = 12, p = 0.16 and U = 13, p = 0.37, for Cuckoo and Dove, 

respectively). 

6 

A 

Little Bronze-cuckoo 
Peaceful Dove 

Figure 5.2 Response of six pairs of Large-billed Gerygones towards models of Little Bronze-
Cuckoo and Peaceful Dove 
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Figure 5.3 Response of seven pairs of Mangrove Gerijgones towards models of Little 
Bronze-Cuckoo and Peaceful Dove. 

5.4 Discussion 

5.4.1 Breeding season of Little Bronze-cuckoo 

The breeding season of the Little Bronze-Cuckoo exhibits profound geographic 

variation within Australia. In north-east Queensland, the majority of breeding 

records (n = 96) of Little (or Gould's) Bronze-cuckoos fell in the five months from 

October to February, with an apparent peak in January (Brooker & Brooker 1989a: 

Table 21). The purported short breeding season (September to January) of Little 

Bronze-Cuckoo (race barnardi) in south-eastern Queensland and north-eastern New 

South Wales (Brooker &z Brooker 1989a; Higgins 1999) is presumably the 

consequence of its migratory habits, as well as those of its major host, the White-

throated Gerygone. In contrast, breeding records of the sedentary Little Bronze-

Cuckoo in the Top End and Kimberley (n = 22) regions suggested a "double" 

breeding season to Brooker & Brooker (1989a). Indeed, of 16 dated breeding records 

in the Darwin region (some of which were included in the Brookers' review), five 

(31%) fell in March and another five in October, with one record in each of six other 

months (Thompson 1982). Data collected in the present study confirm this breeding 

bimodality, and as nests of both the Large-billed and Mangrove Gerygones were 
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parasitised in both breeding peaks, it seems likely that individual Little Bronze-

Cuckoos, like their hosts, have a biannual reproductive cycle. Thompson's (1982) 

data also show that vocalizations of Little Bronze-Cuckoos in the Darwin area are 

bimodal, peaking in March and October, suggesting maximum territorial or sexual 

activity in those months. 

Brooker & Brooker (1989a) found differences between south-western and south-

eastern Australia in the laying seasons of six species of cuckoos. They suggested that 

such differences were dictated by their choice of hosts, rather than the converse. The 

breeding season of the Little Bronze-Cuckoo is presumably constrained by the times 

of the year in which gerygones are capable of breeding, although the breeding 

seasons of gerygones may, themselves, be modified (in particular, prolonged) due to 

brood parasitism pressure by the cuckoo. Mason and McKean (in Thompson 1982) 

argued that the long breeding season of the Large-billed Gerygone may help to 

offset nest losses due to parasitism by the Little Bronze-Cuckoo. If gerygones are 

forced to breed over a longer period in areas where the Cuckoo is present than in 

areas where it is absent, the latter populations should exhibit shorter breeding 

seasons than the former. Unfortunately, as the geographical ranges of these two 

species overlap completely, this hypothesis cannot be tested. 

Grey Gerygones in New Zealand have a long breeding season, but only late 

nests are affected by Shining Bronze-cuckoos because of the latter's migratory 

habits. The possibility that the Grey Gerygone's early start to breeding was an 

adaptation to avoid brood parasitism was discounted by Gill (1983) as other 

insectivorous birds in New Zealand that lack brood parasites breed as early as, and 

for as long as, Gerygones. 

5.4.2 Egg size and crypsis 

Most brood-parasitic cuckoos lay eggs that mimic those of their hosts. The 

conventional explanation for this mimicry is that the host species discriminate 

against eggs that are unlike their own, resulting in rejection of that egg or 

abandonment of the nest by the host. Unlike most brood-parasitic cuckoos, 

however, the Little Bronze-Cuckoo, as well as the Gould's Bronze-Cuckoo and 

Shining Bronze-Cuckoo lay dark-coloured eggs that do not mimic the whitish eggs 
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of their hosts. Two hypotheses have been advanced to explain the evolution of these 

dark, non-mimetic eggs. Harrison (1968) and Marchant (1972) suggested that in 

cuckoos parasitising hosts with covered (domed) nests, natural selection might 

induce cuckoos to produce dark eggs that would be more cryptic (ie. less visible) 

than the host's in the dark interior of the nest, so that they are not discriminated 

against by the host. However, there is no evidence of discrimination by any hosts of 

the Shining Bronze-cuckoo towards any cuckoo egg or model (Brooker & Brooker 

1989b). 

The alternative hypothesis, developed by Brooker & Brooker (1989b), suggests 

that dark cryptic eggs (of Shining Bronze-Cuckoos) evolved in the first instance, not 

to deceive the host (which are probably all "acceptors" anyway), but to deceive 

other female cuckoos which may compete for nests. Female Bronze-Cuckoos remove 

an egg from the host nest before laying, and if cryptic eggs are difficult to see, most 

removed eggs will be those of the host. Thus a dark-coloured egg would be selected 

for because it would reduce the chance of the first cuckoo's egg being removed by a 

second cuckoo (Brooker & Brooker 1989b). In the case of double parasitism, the first 

cuckoo's egg will hatch first and evict the second cuckoo's egg or chick. 

Two lines of evidence from the present study provide support for this 

"intraspecific egg replacement" (competition from female cuckoos) hypothesis. 

Firstly, there was no evidence of discrimination by Large-billed Gerygones towards 

artificial eggs similar in colour to their own or that of the cuckoo, although in 25% of 

the dark-coloured artificial eggs introduced into Mangrove Gerygone nests were 

ejected. The partial discrimination displayed by the latter species may be due to 

greater visibility of eggs in nests placed within and around open saltflats than in the 

dense tidal creek habitat of Large-billed Gerygones. An alternative explanation, 

using the Evolutionary Time Lag model, is that brood parasitism of Large-billed 

Gerygones by Little Bronze-Cuckoos has evolved more recently than that of 

Mangrove Gerygones, and that the latter is in the process of evolving into a 

"rejector" species. However, this seems unlikely given the widespread overlap in 

geographical range between the two species, and the lack of ejection behaviour by 

all hosts of Shining Bronze-Cuckoos (see above). 
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Secondly, five gerygone nests were double-parasitised by the Little Bronze-

Cuckoo. Two nests of each species contained two cuckoo eggs, and a fifth nest 

contained three cuckoo eggs, proving that female Little Bronze-Cuckoos 

(mistakenly) lay in nests that have already been parasitised. Of these five nests, 

three were abandoned, one was depredated, and the remaining one was successful 

in producing one cuckoo fledgling. In the latter nest, the first cuckoo to lay was 

almost certainly the successful competitor, because the hatchling cuckoo in this nest 

expelled the still-developing egg of the second cuckoo, as well as two gerygone 

nestlings. Brooker & Brooker (1989a) noted that the incidence of multiple eggs in a 

nest is higher for Little Bronze-Cuckoo than for other Australian cuckoo species. Of 

148 records of Little Bronze-Cuckoo clutches in the literature, 13.5% involved more 

than one egg: two eggs were observed in 16 nests, 3 eggs in 3 nests, and even 4 eggs 

in one nest. These data suggest that the competition among Little Bronze-Cuckoos 

for gerygone nests may be intense, especially in areas where the density of Cuckoos 

is high. 

The eggs of Little Bronze-Cuckoos examined in the present study were small 

(means, 18.9 x 12.6 mm) compared to those of the species held in two museum 

collections (n = 82), in which the average (and range) dimensions were 19.5 mm 

(17.6-22.0) x 13.3 mm (11.9-15.1) (Brooker & Brooker 1989a). However these eggs 

include those of the closely-related Gould's Bronze-cuckoo C. russatus of eastern 

Queensland, which are evidently slightly larger (McGill and Goddard 1979; Higgins 

1999). Higgins (1999) gave the dimensions of two eggs of Little Bronze-Cuckoos as 

19.3 x 14.2 mm and 18.5 x 13.2 mm, both closer than the Brooker & Brooker (1989a) 

average to those measured in the present study. Johnstone (1990) mentions an egg 

collected in NT measuring 18.0 x 12.9 mm, which is even closer. Brooker & Brooker 

(1989a) gave an approximate egg weight of 1.8 g  and egg volume of 1.8 ml, while 

those in the present study were c. 1.6 ml. 

Johnstone's (1990) data show that five adult male Little Bronze-Cuckoos in the 

Kimberley region weighed 14.5-17.0 g  (mean 15.3 g) and two females, 15.4-17.0 g. 

Using Brooker & Brooker's (1989a) data for egg weight (mean, 1.8 g), the egg 

represents about 10.6-11.7% of female body weight. As the egg dimensions of the 

larger (23 g) Shining Bronze-cuckoo are identical to those of the local Little Bronze- 
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Cuckoo population (Gill 1983; Brooker & Brooker 1989a), the eggs of the former 

species are proportionally much smaller than those of the latter: 6.8% of body 

weight in Australia (Brooker & Brooker 1989a) and 8% in New Zealand (Gill 1983). 

Thus, we may conclude that despite being the smallest of all Australian cuckoos, 

Little Bronze-Cuckoos (and presumably, Gould's Bronze-cuckoos) lay the largest 

eggs, relative to body size (see also Brooker & Brooker 1989a,b). This indicates that 

egg-laying for these mainly tropical species may be more energetically-demanding 

than for the temperate-breeding Shining Bronze-cuckoo. 

5.4.3 Incubation and nestling periods 

The median incubation and nestling periods of Little Bronze-Cuckoos in this 

study were estimated to be approximately 15-17 days, and 17-19 days, respectively. 

At Nightcliff, between Ludmilla and Rapid Creeks, Noske (2001) estimated that the 

incubation and median nestling period for a Little Bronze-Cuckoo raised in the first 

nest of a pair of Mangrove Gerygones were c. 15 days and 24 d 20 h (± 23 h), 

respectively. The minimum nestling period for the second Bronze-Cuckoo raised by 

the same pair of Gerygones, was 16 days 6 hrs, and the maximum, about 20 days, 

giving a median of c. 18 days. Whilst the latter period is consistent with nestling 

periods reported above, the nestling period of the first Cuckoo is five days longer 

than the maximum median period. Noske (2001) had assumed that the Cuckoo egg 

in the first nest hatched before the two Gerygone eggs, as is usual for eggs of the 

Shining Bronze-Cuckoos, according to Brooker & Brooker (1989a,b). In New 

Zealand, however, Gill (1983, 1998) reported that Shining Bronze-cuckoos may lay 

their eggs 2-7 days after the host Grey Gerygone starts incubating, and these eggs 

hatch up to three days after the Gerygone's eggs. 

It is seems likely that the nestling period of the first of the above-mentioned 

Nightcliff nests was over-estimated. The eggs in this nest were felt by hand, and 

never seen (Noske, pers. comm.), so it is possible that the Cuckoo egg was laid last, 

or even that it was laid one or more days later. Given that Cuckoos remove an egg 

on laying, the resultant clutch would remain three. If the Cuckoo was the last to 

hatch, its incubation period would have been approximately 17 days (using data in 

Noske's Table 2: nest #NC12) and the nestling period, 22 days. The latter is 
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equivalent to the upper confidence limit of the longest recorded nestling period in 

the present study (c. 19.5 + 2.5 d). This is also equivalent to the maximum nestling 

period calculated for five nestling New Zealand Shining Bronze-cuckoos, whose age 

was estimated from measurements (Gill 1983). 

A late hatching cuckoo would have to compete for food with gerygone nestlings 

until it was sufficiently large to evict them, resulting in an initial period of stunted 

growth, and an extended nestling period. Gill (1983) measured the growth rate a 

Shining Bronze-cuckoo nestling that hatched three days after the single Grey 

Gerygone which shared its nest, and found that the gerygone was heavier than the 

Cuckoo and successfully competed with it for seven days, after which the Cuckoo 

had reached the gerygone's weight and evicted it (when the gerygone was 9 days 

old). At eviction the Cuckoo weighted 5 g compared with the normal average for a 

6-day old Cuckoo of 8 g.  Free of competition, the Cuckoo's growth rate accelerated, 

but as it was depredated by a rat after 11 days, its nestling period could not be 

determined (Gill 1983). Given that the young nestling Little Bronze-Cuckoo in the 

first Nightcliff nest may have shared its nest with two (rather than one) Mangrove 

Gerygone nestlings, interspecific competition for food might have resulted in even 

slower growth than in the above-mentioned Shining Bronze-cuckoo, resulting in the 

prolonged nestling period. 

The incubation period determined for the Little Bronze-Cuckoo appears to be 

similar to that of New Zealand Shining Bronze-cuckoos parasitising Grey 

Gerygones, while the nestling period seems slightly shorter. Gill (1983, 1998) 

calculated an average incubation period for the latter species of 15.5 days (range 14-

17), and a nestling period of 19-21 days. The nestling period exceeded incubation 

period for Shining Bronze-cuckoos, but the reverse was true for their sole host, the 

Grey Gerygone. Yet the total period for the two species was similar (15.5 + 19 = 34.5 

days for Cuckoos; 19.5 + 17.2 = 36.7 days for Gerygones). Thus, if the Shining 

Bronze-cuckoo lays approximately when the host starts incubating, the nestling 

Cuckoo fledges when the Gerygone's own young would have fledged (Gill 1983). 

The incubation and nestling periods of Shining Bronze-cuckoos in south-western 

Western Australia were similar to those in New Zealand, being 14 days (range 

c.13.5-14.5) and 20.5 days (18-23), respectively (Brooker & Brooker 1989b). However, 
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thornbills attended these Cuckoos for 1-2 days after a clutch of their own would 

have fledged (Brooker & Brooker 1989b). 

In the present study, the incubation period of the Little Bronze-Cuckoo matched 

those of the Mangrove Gerygone well, but its nestling period was apparently longer 

than either gerygone species. Combining the two averaged periods, Mangrove 

Gerygones (16d + 15d = 31d) apparently fed Cuckoo (16d + 18d = 34d) nestlings for 

up to 3 days after their own brood would have fledged. For Large-billed Gerygones 

(18d + 15d = 33d), on the other hand, the combined average period differed little 

from that of the Cuckoo. Thus, the nest cycle of the Little Bronze-Cuckoo in the 

region appears to be somewhat better attuned to the Large-billed Gerygone than the 

Mangrove Gerygone. 

Although laying by Shining Bronze-cuckoos in Western Australia seems well 

synchronized to their hosts (Brooker & Brooker 1989b), those in New Zealand seem 

less efficient. At only one nest did the Cuckoo lay before incubation started, thus 

ensuring that her own egg received early incubation (Gill 1983). At three nests, the 

egg was laid 1-2 days after the start of incubation, while another two were laid 

seven or more days afterwards. In the seventh case, a week-old Gerygone egg in an 

abandoned nest was replaced by a Cuckoo egg - evidence of laying poorly 

synchronized to that of the host, and an indication that Shining Bronze-cuckoos will 

parasitise a clutch of one. In Shining Bronze-cuckoos in WA, three cuckoos that 

hatched more than 4 days after the host young did not survive, suggesting that a 

Bronze-cuckoo must lay at some time between the initiation of the clutch and about 

4 days after the start of incubation (Brooker & Brooker 1989b). 

There were several instances in the present study when Little Bronze-Cuckoos 

apparently laid eggs at inappropriate or suboptimal times. These include the finding 

of a single Little Bronze-Cuckoo egg in an abandoned nest of Large-billed 

Gerygones (Noske, pers. obs.) at the Darwin Hospital site. Higgins (1999) cites a case 

from the Birds Australia Nest Record Scheme of a Little Bronze-Cuckoo laying the 

"first" egg in a nest of Large-billed Gerygones, followed by three eggs of the 

Gerygone. Assuming that the Cuckoo egg was effectively invisible to the host 

(following the above reasoning), this scenario seems unlikely, as one might expect 
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the Gerygone to abandon its nest after it exhibited signs of predation (ie. an 

apparently empty nest). Brooker & Brooker (1989b) observed five eggs of Shining 

Bronze-cuckoos in Western Australia that were laid before the host had started to 

lay, and all were subsequently buried in the lining. Thus, early-laid cuckoo eggs 

received no incubation. Indeed, egg laying in Western Australia Shining Bronze-

cuckoos seems much better synchronized to their thornbill hosts than is the case in 

New Zealand Shining Bronze-cuckoos (Brooker & Brooker 1989b). 

In New Zealand, Shining Bronze-cuckoos always hatched before any 

Gerygones, but because the nestling Cuckoo did not evict the host young until it 

was 3-7 days old (average, 4 days), most nests on the day of eviction held one or 

more nestling Gerygones (Gill 1983), resulting in interspecific competition for food. 

Eggs (1-2) and nestlings (1-2) were evicted from four of these nests, nestlings (1-3) 

only from three others, and an egg from the remaining nest. 

5.4.4 Nestling mimicry or crypsis? 

Newly-hatched Little Bronze-Cuckoo nestlings, whether found in the nests of 

Large-billed Gerygones or Mangrove Gerygones, were black-skinned with sparse 

whitish down on the crown, nape and shoulders or sides of mantle, and yellowish-

white rictal flanges (gape). These nestlings bore a strong resemblance to young 

nestlings of the Large-billed Gerygone, which have blackish to purplish-black skin 

and whitish down on the same parts of the body (plus the flanks), and white rectal 

flanges (later turning creamy-yellow) but not to young nestling Mangrove 

Gerygones, which have flesh-pink skin, abundant whitish down on the upperparts, 

and creamy-white rectal flanges The appearance of nestling Large-billed Gerygones 

and Little Bronze-Cuckoos is surprisingly consistent with the descriptions given by 

McGill and Goddard (1979) for young nestling Large-billed Gerygones and Gould's 

Bronze-cuckoo in north Qld. Moreover, the description these authors gave for Little 

Bronze-Cuckoos C. iii. barnardi and their major host (White-throated Gerygones) in 

north-eastern New South Wales is consistent with that of nestling Mangrove 

Gerygones observed in the present study. As nestling Little Bronze-Cuckoos in 

Mangrove Gerygone nests resembled those in Large-billed Gerygone nests, 
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however, there is no evidence of different gentes (cuckoo populations specializing 

on different hosts) in this cuckoo. 

Gill (1998) considered that the newly-hatched Shining Bronze-cuckoo in New 

Zealand was mimicking the Grey Gerygone chick in appearance, as neonates of both 

species had white natal down and white rectal flanges (gapes) that became yellow 

with age. He applied the same argument to Little and Gould's Bronze-cuckoos in 

Australia, based on the observations of McGill and Goddard (1979). However the 

Shining Bronze-cuckoo has only one host in New Zealand, while the Little Bronze-

Cuckoo has at least four potential hosts in north-western Australia. Why should the 

Little Bronze-Cuckoo in the Darwin region, like the Gould's in north Queensland, 

mimic the nestling of Large-billed Gerygones, and not that of the Mangrove 

Gerygone? 

Gill (1998) hypothesized that nestling mimicry of Grey Gerygones by Shining 

Bronze-cuckoos was related to their frequent cohabitation with host nestlings. Host 

nestlings were present in seven of eight Grey Gerygone nests by the time nestling 

cuckoos were old enough to evict them (Gill 1983, 1998). At four of five nests at 

which nestlings were weighed, Grey Gerygone nest-mates coexisted with a Cuckoo 

for at least two days, and increased in weight before eviction, demonstrating 

competition for food between the two species. This tendency must extend the 

nestling period, increasing the period of vulnerability (and perhaps, vocal 

conspicuousness) to predators compared with the typical situation, where the 

cuckoo rapidly evicts eggs and receives all the food brought by the hosts. Selection 

for early eviction and shorter nestling periods may have been weak for Shining 

Bronze-cuckoos in New Zealand because of the total absence of predators from 

these islands in the past (Gill 1998). However, apart from the possible example of 

cohabitation of a nestling Little Bronze-Cuckoo with nestling Mangrove Gerygones 

described in the previous section, there is no evidence of frequent competiton 

between cuckoo and gerygone nestlings in the present study, and high rates of nest 

predation must select against any extension of the nestling period. 

Langmore et al. (2003) demonstrated host discrimination against cuckoo 

nestlings among Superb Fairy-wrens M. cijaneus, and suggested that this ability has 
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selected for nestling mimicry in bronze-cuckoos. In Canberra, south-eastern 

Australia, 19-37% of Superb Fairy-wren nests per year were parasitized by the 

Horsfield's Bronze-cuckoo, but 40% of these nests were abandoned 3-6 days after 

the cuckoo hatched. However, Horsfield's Bronze-cuckoo chicks were deserted less 

often than lone chicks of the Shining Bronze-cuckoo, an occasional brood parasite of 

this wren species. Langmore et al. (2003) found that hatchling Shining Bronze-

cuckoos in Canberra exhibited two distinct colour morphs: a pinkish-yellow (pale) 

morph, similar to the young of the Superb Fairy-wren, and a black morph, which 

differed markedly from host young. Despite their similarity to host young, pale 

morph Shining Bronze-cuckoos were always deserted by hosts, while the more alien 

looking black morph chicks, and Horsfield's Bronze-cuckoo chicks, were often 

accepted. However the latter mimicked the begging calls of the host nestlings better 

than the occasional brood-parasite. 

Langmore et al. (2003) suggested that Superb Fairy-wrens were unique among 

hosts of parasitic cuckoos in their ability to detect cuckoo nestlings, because of the 

high incidence of parasitism they experienced (13-37% of nests contained cuckoo 

eggs). They predicted that cuckoo chick discrimination by hosts should evolve only 

when (1) hosts cannot recognise cuckoo eggs, (2) brood parasitism rates are 

sufficiently high (and host fecundity sufficiently high) to outweigh the costs of hosts 

mistakenly deserting single chicks of their own, and (3) breeding seasons are 

sufficiently long to allow re-nesting. 

Large-billed Gerygone and Mangrove Gerygone in the Darwin region 

apparently meet all of these criteria. Indeed parasitism rates are generally higher 

than for the Superb Fairy-wrens, and the breeding seasons of gerygones are longer 

than that of the latter. Like its close relative, the Little Bronze-Cuckoo appears to 

have polymorphic nestlings, with pinkish morphs observed in north-eastern NSW, 

and black morphs in the Darwin region. If nestling colour of cuckoos is selected to 

be similar to the major host in a given region, then the coloration of local Little 

Bronze-cuckoo chicks may be a case of nestling mimicry. Whilst this hypothesis is 

consistent with the arguments of Gill (1983, 1998), it seems unlikely that Little (and 

Shining) Bronze-Cuckoos should employ crypsis at the egg stage, and mimicry at 

the nestling stage. 
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An alternative explanation to nestling mimicry for the acceptance of nestling 

Bronze-cuckoos by hosts is nestling crypsis. Just as the dark egg of Little and 

Shining Bronze-cuckoos is difficult to see in the dimly-lit interior of their hosts' 

domed nests (see above), so too might the black skin of young nestling cuckoos, 

combined with whitish down, make them difficult to distinguish among the pale 

feathers usually lining the nest. Thus nestling cuckoos would be less conspicuous to 

competing cuckoos or predators in the same way that cryptic eggs are less 

conspicuous to competing cuckoos or predators. Nestling gerygones (especially 

those that are commonly parasitised) may, themselves, be cryptically coloured. 

This cryptic coloration would protect gerygone nestlings from all nest 

predators, including adult cuckoos. Indeed, many cuckoo species are known to 

depredate the nestlings of unparasitised nests, presumably to force the hosts to 

relay. Shining Bronze-cuckoos in Australia are known to rob and destroy or eat 

nests of their hosts (Chalk 1950; Morris and Catchpole 1978), but such predatory 

behaviour has not been observed among Shining Bronze-cuckoos in New Zealand 

(Gill 1982c, 1998). However, on one occasion a Little Bronze-Cuckoo was seen killing 

and possibly eating a nestling in front of the nest of Mangrove Gerygones (S. 

Manullang, pers. obs.). 

If selection is driving both cuckoos and gerygones towards nestling crypsis, is 

mimicry necessary? Indeed the fact that nestling cuckoos in Mangrove Gerygone 

nests are similarly coloured to those in Large-billed Gerygone nests, suggests that 

crypsis is the major selective force, or that one major host has selected for mimicry 

but not other hosts. The nestling crypsis argument is consistent with the 

"intraspecific egg replacement" (or cuckoo competition) model of Brooker & 

Brooker (1989b), as outlined in the previous section, except that it extends to 

predators, as well as brood parasites. If correct, there is no need to invoke the arms 

race hypothesis to explain the morphology of young nestling Little Bronze-Cuckoos. 
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5.4.5 Brood parasitism rates and host life histories 

The brood parasitism rates observed in the present study seem exceptionally 

high for Bronze-cuckoos in Australia. Near Perth in south-western Australia, brood 

parasitism rates over four successive years (1984-87) varied only between 23 and 

28% (averaging 26%) for Shining Bronze-cuckoos in nests of Yellow-rumped 

Thornbills Acantl,iza clirysorrlioa, and those for Horsfield's Bronze-cuckoos in nests 

of the Splendid Fairy-wren Malurus splendens between 20 and 26%, averaging 24% 

(Brooker & Brooker 1989h). Rates for the latter species over the previous 10 years, 

however, showed greater variation (0-44%) (Brooker & Brooker 1989b), and another 

population of the Yellow-rumped Thornbill near Perth experienced only 16% brood 

parasitism (Ford 1963). Western Thornbills A. inornata were secondary hosts for both 

species of cuckoos at the Brookers' study site, with average brood parasitism rates of 

12% and 8% for Shining and Horsfield's Bronze-cuckoos, respectively, or 19% 

combined (Brooker & Brooker 1989b). In Canberra, 19-37% of Superb Fairy-wren 

nests per year were parasitized by the Horsfield's Bronze-cuckoo (Langmore et al. 

2003). 

In south-eastern Australia, records of brood parasitism among three species of 

gerygones (G. olivacea, G. inouki and G. fusca) were scarce, with rates varying 

between 0 and 4% only (Woinarski 1989: Table 3). In contrast, the migratory Shining 

Bronze-cuckoo parasitised 55% of late nests of New Zealand Grey Gerygones (Gill 

1983), but as the cuckoo was absent during the first half of the breeding season of 

the gerygone, the best approximation of the parasitism rate over the whole breeding 

season of the host is 28% (Gill 1998). Thus the rates of 16-49% (mean, 41%) and 28-

55% (mean, 34%) for Large-billed Gerygones and Mangrove Gerygones, 

respectively, seem atypically high. 

Several observations suggest that selection for anti-brood parasitism behaviour 

differs between the two gerygones. Firstly, Mangrove Gerygones reacted more 

aggressively, on average, than Large-billed Gerygones towards the Little Bronze-

Cuckoo specimen near the nest, although small sample sizes preclude firm 

conclusions. Interspecific differences in reactions to adult cuckoos could be due to a 

longer history of parasitism in one species, or differences in the behaviour or impact 
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of cuckoos at nests of the two species. For instance, when removing host eggs, 

cuckoos might cause more damage to nests of Mangrove Gerygones than to those of 

Large-billed Gerygones because of the smaller nest entrance of the former (Chapter 

3). Secondly, 25% of Mangrove Gerygone pairs discriminated against dark-coloured 

artificial eggs, while none of the Large-billed Gerygone pairs did so. Interspecific 

differences in egg-discriminating abilities might relate to differences in the amount 

of light inside the nest, given that the sub-habitat of Mangrove Gerygone is much 

more illuminated than that of the Large-billed Gerygone. According to the time-lag 

hypothesis, greater discrimination of eggs by Mangrove Gerygones might reflect a 

longer history of brood parasitism, assuming there are no costs associated with egg 

rejection (eg. retaliation by the cuckoo). On the other hand, the greater similarity of 

the Little Bronze-Cuckoo chick to the Large-billed Gerygone chick suggests, 

according to the nestling mimicry hypothesis, that the history of brood parasitism of 

the Large-billed Gerygone has a longer history than that of the Mangrove Gerygone. 

Despite apparent interspecific differences in responses to cuckoo adults and eggs, 

however, rates of brood parasitism for the two gerygones species were not 

significally different. 

Brooker & Brooker (1996) argued that the life history characteristics of host 

species explained host acceptance of parasitic eggs better than the arms race 

hypothesis (see also Lotem and Nakamura 1998). They hypothesised that hosts 

should accept cuckoo eggs if (a) the energetic cost of raising the cuckoo is low, (b) 

there is time to re-nest; and (c) the clutch size is small. They showed that the 

frequency of rejection of cuckoo eggs increased with shorter breeding seasons and 

smaller clutch sizes among host species. They also showed that ejectors tend to be 

species having (a) low "re-nestability" (measured as breeding season divided by 

clutch size); (b) low costs of ejection as indicated by bill size (higher for large-billed 

birds owing to the greater risk of damaging their own eggs); and (c) high costs of 

raising cuckoos (ratio of host body size to cuckoo body size). 

In the context of the present study, it is noteworthy that the Large-billed 

Gerygone has a longer breeding season, and a significantly larger bill, than the 

Mangrove Gerygone. Moreover the energetic costs of raising a cuckoo would be 

greater for the Mangrove Gerygone than for the significantly larger-bodied Large- 
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billed Gerygone. Following the argument of Brooker & Brooker (1996), Large-billed 

Gerygones should accept parasitism more readily than Mangrove Gerygone, which 

indeed seems to be the case. The present study, therefore, lends some support for 

the life history model of these authors. 

Another reason why Little Bronze-Cuckoos might favour Large-billed 

Gerygones as hosts relates to habitat. Like the latter, Little Bronze-Cuckoos occur in 

rainforests, as well as mangals. In North Queensland, their second most frequent 

host is the Fairy Gerygone C. palpebrosa (Brooker & Brooker 1989a), which is 

restricted to humid tropical rainforests (Higgins 1999). This suggests that Little 

Bronze-Cuckoos prefer shady habitats with a dense canopy, such as the tidal creek 

habitat preferred by Large-billed Gerygones. Such a habitat preference could explain 

a preference for Large-billed Gerygones as hosts alone. On the other hand, 

rainforests and riparian vegetation are also inhabited by the Green-backed 

Gerygone, which is evidently less frequently parasitised by Little Bronze-Cuckoos 

(Brooker & Brooker 1989a; Noske, unpubl data). 

Notwithstanding the argument for a preference of Little Bronze-Cuckoos for 

Large-billed Gerygones on theoretical grounds, Mangrove Gerygones were 

parasitized as often as Large-billed Gerygones in Darwin. Perhaps populations of 

the Little Bronze-Cuckoos are atypically high in the Darwin region due to the dense 

vegetation cover available in the suburbs surrounding the mangals. This possibility 

can only be assessed by measuring rates of brood parasitism outside Darwin. 
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Chapter 6 

FOOD AVAILABILITY: INSECTS IN MANGALS 

6.1 Introduction 

6.1.1 Food limitation in the tropics 

Two main hypotheses have been advanced to explain life history differences 

between North Temperate and tropical (and Southern Hemisphere) birds: nest 

predation and food limitation. The first of these hypotheses was explored in the 

Chapter 4. This chapter concerns the second hypothesis. The food limitation 

hypothesis suggests that the small clutches and slower developmental rates of many 

tropical birds are due to a relative lack of food during the breeding season. 

Although insects are usually present year-round in tropical areas, insect availability 

does not reach the high peaks seen in the temperate zone summer (Ward 1969; 

Fogden 1972; Hails 1982; Wolda 1988). Thiollay (1988) found lower foraging success 

of birds in tropical French Guiana than in temperate France due to an absolute 

lower prey abundance in the former country. Moreover, tropical birds may starve 

during long periods of continuous rain when insect activity is low (Foster 1974a). 

Support for the food availability hypothesis comes from many sources. 

Studies of tropical species involving brood manipulations often show that parents 

cannot easily raise experimentally-enlarged broods (see Stutchbury &z Morton 2001). 

In addition, many neotropical sub-oscine passerines and Australian oscine 

passerines, like the study species, lay eggs at 2-day intervals, skipping one day 

between each egg (Marchant 1986), suggesting low food or nutrient availability. 

Long days during the North Temperate spring and summer allow temperate zone 

birds to gather more food per day, allowing parents more energy to produce eggs 

and feed altricial young than is available to birds in the tropics, where daylength 

varies little through the year (Lack 1947; Stutchbury & Morton 2001). 

In its simplest form, the food availability hypothesis predicts that birds should 

breed when food is most abundant for raising young (Lack 1954; Perrins 1970). In 

temperate regions insects are most active during spring or summer (Wolda 1988), 
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and most insectivorous temperate birds breed at these times (Perrins 1970; 

Wyndham 1986). Whilst North Temperate birds are influenced strongly by climatic 

conditions, particularly temperature, tropical birds are more influenced by biotic 

factors such as food availability and interactions with other species (Stutchbury & 

Morton 2001). Wyndham (1986) argued that food supply is the factor that makes 

breeding seasons longer in the tropics, where relatively uniform warm 

temperatures and daylength support year-round primary production, creating long 

periods of favourable conditions for insects, and for the birds that depend on them 

for successful reproduction. 

A similar argument has been used to explain the relatively long breeding 

seasons of Australian birds, compared to their North Temperate counterparts. 

Australia has relatively mild winters and forests are largely evergreen (Woinarski 

1985; Ford 1989). In the forests of temperate south-eastern Australia, Woinarski & 

Cullen (1984) found that arthropods were generally most abundant in spring and 

least abundant in winter, but the decline was not as pronounced as in the North 

Temperate region. Nevertheless, like their North Temperate counterparts, the vast 

majority of birds in southern Australia breed during the spring and summer (Nix 

1976; Marchant 1981). 

Although some tropical bird species have been shown to breed throughout the 

year, most tropical species show strong seasonality in reproduction (Skutch 1950; 

Fogden 1972; Sinclair 1978; Wikelski 2000; Hau 2001; Stutchbury & Morton 2001; 

Scheuerlein & Gwinner 2002). This breeding seasonality has been related to food 

abundance and ultimately to rainfall. Fogden (1972) showed that breeding of 

passerines in the tropical rainforest of Borneo was seasonal, and followed the peak 

in insect abundance. Several studies in the seasonal neotropics show a close 

relationship between insect abundance and rainfall (Janzen 1973a, b; Wolda 1978; 

Poulin et al. 1992). Studies showing that breeding seasons are correlated with food 

abundance and rainfall are numerous, but such broad comparisons provide only a 

weak correlation between breeding seasons and food supply at the population level 

(Stutchbury & Morton 2001). Relatively few tropical studies have measured food 

abundance and correlated this with breeding activity, and even fewer in the 

Australian tropics. One such study is that of Zimmermanri (1997), who found that 
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clutch initiations of the ground-dwelling Rainbow Pitta PiUa iris were strongly 

correlated with the abundance of earthworms, which were in turn strongly 

correlated with rainfall. However, pittas are specialised foragers of litter 

invertebrates on the rainforest floor, and all species are apparently wet season 

breeders (Zimmermanri & Noske 2003). 

6.1.2 Insect seasonality in Australian tropics 

Early biologists in the Australian monsoon tropics assumed that insects were 

most abundant in the wet season. Working mainly in the Kimberley region of 

Western Australia, Immelmann (1971: 195) claimed that insects in northern 

Australia "usually become available only after the first showers and thus the birds 

may wait ... for the rains to arrive". Whilst acknowledging the lack of phenological 

studies of insects in the region, Morton & Brennan (1991: 144) confidently claimed 

that "it is certain that arthropods greatly increase in abundance early in the wet 

season, and so a concentration of breeding in this period by insectivores ......is not 

surprising". The latter statement was based on a summary by Frith & Davies (1961), 

which itself was based largely on the work of egg collectors in the early 1900s. In 

contrast, using original data, Noske & Franklin (1999) showed that the breeding 

seasons of birds in this region were strikingly diverse, with many common species 

of insectivores and nectarivores breeding during the dry season. They questioned 

the conventional wisdom that insects were most abundant during the wet season. 

Nevertheless, the limited evidence from published studies of invertebrate 

abundance in the Australian monsoon tropics supports the contention that insects 

are indeed commoner in the wet season, at least in savannas and woodland. 

Woinarski & Tidemarm (1991) sampled arthropods with a sweep net each month 

over one year in deciduous woodland at Yinberrie Hills, 50 km north-west of 

Katherine, and found a dramatic, 50-fold decline during the dry season. Griffiths & 

Christian (1996) sampled arthropods every three months over two years by 

sweeping in open forest at Kapalga, Kakadu National Park. They reported that 

there were significantly more invertebrates during the wet season than during the 

dry season. Using a light-trap, Churchill (1994) sampled insects at night during 12 

months in open savanna woodland near Katherine. Wet season samples represented 
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82% of total prey items and biomass, with the peak abundance in February. 

Unfortunately these studies were based on insects of the grass layer (0-2 in from the 

ground), or nocturnal insects, neither of which are pertinent to diurnal canopy-

dwelling birds. Using both Malaise and light-traps in a north Queensland upland 

tropical rainforest, Frith & Frith (1985) showed that insect numbers increased 

during the late dry season, reaching a peak in the wetter months, and declined 

during the early dry season. However, their site is both cooler and wetter than any 

in the monsoon tropics of the Northern Territory. 

6.1.3 Diet of gerygones 

The two species in the present study, like all gerygones, are insectivorous 

(McGill 1970; Johnstone 1990; Noske 1996; Keast & Recher 1997). In the mangal 

beside Palmerston Sewage Ponds on Darwin Harbour, Large-billed and Mangrove 

Gerygones captured over 90% of their prey by gleaning or snatching it from foliage, 

though the proportional use of these two techniques differed significantly (Noske 

1996). Johnstone (1990) recorded the stomach contents of 20 bird species collected in 

mangals of northern Western Australia. Most stomachs of both Large-billed (n = 12) 

and Mangrove Gerygones (n = 11) contained beetles (Coleoptera), while at least 

one-third of the stomachs contained bugs (Hemiptera), wasps (Hymenoptera), 

spiders (Arachnida) and moths (Lepidoptera). Flies (Diptera), ants and insect eggs 

and larvae were found in the stomachs of Mangrove Gerygones, and a grasshopper 

(Orthoptera) was present in the stomach of one Large-billed Gerygone. The largest 

prey found in the latter species was 15 mm long, while most prey of the former 

species was 2-5 mm long (Johnstone 1990). 

Noske (2003) analysed Johnstone's (1990) data, and noted differences in the 

relative frequency of the three quantified insect orders in stomachs of these two 

species. The stomachs of Large-billed Gerygones contained significantly more 

Coleoptera, and fewer Hemiptera and Hymenoptera, than those of the Mangrove 

Gerygone (x2  = 41.7, df=2, p < 0.001; number of items, 111 and 103, respectively). 

Noske (2003) related these dietary differences to bill morphology, suggesting that 

the Large-billed Gerygone used its larger bill (see Chapter 2) to mainly collect 

sluggish, heavily-built beetles, whereas the more diet-generalised Mangrove 
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Gerygone used its relatively delicate bill to capture greater numbers of small, softer-

bodied bugs and wasps, as well as flies. However, it is also possible that such 

dietary differences relate to the preferred sub-habitats of the birds, or their foraging 

behaviour within it. 

6.1.3 Aims 

An important aim of the present study was to assess the role of food 

availability on the breeding season of the study species. Thus, I investigated the 

abundance of insects in the study area throughout the year, and determined its 

relationship to the breeding activity of both gerygone species. As the breeding 

seasons of the two species differed slightly (see Chapter 3) and such differences 

might be due to discrepancies between their respective preferred sub-habitats in the 

time of peak insect abundance, I compared the abundance of insects along tidal 

channels with those found around saltflats. 

Differences in diet between gerygone species might arise from interspecific 

differences in morphology (especially, of the bill) or foraging behaviour, and/ or 

disparities in the arthropod fauna of their respective preferred sub-habitats. 

Assuming that the diets of Darwin populations of the study species differed in 

similar ways to those of Kimberley populations (see above), I hypothesized that 

beetles were more abundant in the tidal channel habitat of Large-billed Gerygones 

than in the saltflat habitat of Mangrove Gerygones. Thus, I compared the taxonomic 

composition of major insect taxa between tidal channels and saltflats. 

In this chapter, therefore, I attempt to answer two major questions: 

Does the abundance of arthropods in tidal channels and saltflats correlate with 

the reproductive activity of the Large-billed and Mangrove Gerygones? 

Do the relative proportions of the major arthropod taxa in each sub-habitat 

reflect the purported dietary differences between the two species? 
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6.2. Methods 

6.2.1. Insect Sampling 

Interception traps were used to sample flying insects. A total of 16 omrii--

directional window traps following the basic design of Wilkenirig et al. (1981), were 

established at both the Ludmilla Creek and Rapid Creek sites. Each trap consisted of 

two clear acrylic panels measuring 260 mm (wide) x 530 mm (deep) placed at right 

angles, and a plastic funnel at each end to guide falling or crawling insects (after 

impact with the panels) into the plastic collecting bottles. A small opening, covered 

with mosquito netting, was made at the side of the lower collecting bottle to allow 

excess rain water during wet season to escape, while leaving the captured insects in 

the bottle. No insecticides were used in the collection bottles. 

Eight traps were located in Ludmilla Creek and eight in Rapid Creek. In each 

location four traps were placed at the edges of four different saltflats and four along 

tidal channels. At each site the distance between traps was at least 500 m, with a 

maximum of one trap per saltflat. To be able to relate insect abundance and 

breeding of the study species, the trap locations corresponded with the breeding 

habitat of Large-billed Gerygone and Mangrove Gerygone along the creeks and 

saltflats, respectively. Information on the breeding habitats was gathered from 

previous observations (R. Noske, pers. comm.; this study). 

The traps were suspended by ropes c. 3m above the ground at the saltflat sites, 

and at least 6 m above the water during low tide in the tidal channels and it was 

made sure that they were at least 1 m above the highest level of tidal water. The 

estimate of the level of highest inundation was measured by putting a cotton rope 

stained with water soluble food dye vertically using a stick or a straight tree, 

following the method of Ferwerda (2000), the day before the predicted highest tide 

(of the month), and was checked at the next low tide. Ferwerda (2000) found that 

the food-dye accumulates just above the water level, leaving a darker stain that 

could accurately be used as a marker for the highest water level. 

Collecting bottles were filled with 30% ethylene glycol to preserve captured 

insects, and insects caught were emptied each month, or when possible every two 

142 



weeks. The traps were set up in the sites in January 2001, and the collection started 

in the first week of February 2001 to January 2003. Collecting bottles were refilled 

with fresh preservatives when sampling. Insects were put into a sample jar, 

preserved in 70% alcohol, and taken to the laboratory, where they were counted, 

identified to order (following Zborowski & Storey 1995), and their length estimated 

to the nearest 0.5 mm using 1-mm graph paper under a dissecting microscope. 

Four major mangrove species (Avicennia marina, Ceriops australis, Lumnitzera 

raceniosa and Ritizopliora sty1osa) occupy the study sites, but the two studied 

gerygone species rarely foraged in L. raceniosa (Noske 1996; pers. obs.). Branchiet 

clipping was trialled in the year of 2000 to assess the abundance of more sessile 

arthropods in each of the three remaining mangrove species. However, this method 

yielded too few insects per sample to allow statistical comparisons, and there was 

concern about removing potential nesting and foraging sites of the gerygones, 

especially those of Mangrove Gerygones. Therefore this method was abandoned. 

To assess inactive or non-flying arthropods, I sampled the foliage along the 

saltflats and along the creek each month from March 2001 to February 2003 using an 

insect (sweep) net of 46-cm diameter on a 1.2-rn long handle. The number of sample 

units per month varied depending on the availability of sweepers (maximum of 

two) and suitable days for sweeping. A sample unit of twenty (20) consecutive 

sweeps were made while walking along the edge of a saltflat (and up to 5 in inside 

the vegetation surrounding it) or along the tidal creek bank (up to 5 in from the 

middle of the creek). The distance between each sample was approximately 25-30 

in. Sweeps were aimed at the foliage 0.3-2m above the ground. At the smaller 

saltflats, only one sample was taken (data were pooled according to sub habitat for 

the analysis). Sweeps were done only during low tides, between 08:00-17:00 hr. No 

sweeping was done during or after rain. Foliage and insects caught in the net were 

emptied into a plastic bag. Bags of samples were kept cool and brought to the 

laboratory where they were put in a freezer, and later sorted as above. 
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6.2.2. Data Analysis 

Due to their great taxonomic and morphological diversity, insects vary dramatically 

in their relative size and hence, nutritional value to predators. To determine insect 

biomass, Rogers et al. (1976) regressed the weight of North American insects against 

their body length, and proposed that their generalized relationship would hold for 

all insects. However, Schoener (1980) found that the length-weight relationship of 

neotropical insects differed significantly from that of temperate North American 

insects. 

Brady (2003) weighed and measured 693 insects, representing nine insect orders, 

from open forest in north-eastern Arnhem Land, Northern Territory, and found that 

their (generalized) length-weight relationship did not differ significantly from that 

reported by Gowing & Recher (1984) for insects of south-eastern Australia. Where it 

is necessary to use generalized regressions, Gowing & Recher (1984) recommended 

that they should be selected from localities as similar as possible to the continent of 

origin, climatic zone and vegetation characteristics of the community being studied. 

In the present study, therefore, Brady's (2003) generalized regressions were used, as 

the insect fauna of the Darwin region is much more likely to resemble the insect 

fauna of Arnhem Land than that of temperate Australia. 

The formula was: y = axh, 

where: y = weight, 
x= length, 
a= constant, 0.001 for insect and spiders, and 
b=constant, 2.691 for insects and 2.54 for spiders. 

Spiders and wingless ants found in window trap bottles were excluded from 

analyses of flying insects. Due to frequent storm damage or vandalism of one or 

other of the bottles in each trap, results for the two bottles could not be combined. 

Thus, for window traps I treated upper collection bottles and lower collection 

bottles as different sampling units. Wilkening et al. (1981) suggested that lower 

collection bottles should catch larger insects while upper bottles should catch 

smaller insects. A t-test was performed to examine differences between upper and 

lower bottle samples in the body length of insects caught. For sweep net samples, 
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analysis was based on the average number of insect caught per sweep sample bag 

(20 strikes). 

I classified one year into six categories of monsoonal seasons: mid wet (Jan-

Feb), late wet (Mar-Apr), early dry (May-Jun), mid dry (Jul-Aug), late dry (Sep-Oct), 

and early wet (Nov-Dec). Spearman rank correlation was used to examine the 

correlation between insect numbers and hiomass with rainfall and maximum 

temperature (data from Bureau of Meteorology, Darwin). 

Data were stored in Microsoft Excel and analysed using STATISTICA version 

6.1. Data used in parametric tests were log-transformed, but if they did not meet the 

assumptions of parametric tests, data were analysed using non-parametric tests. For 

sweep net samples, data were collected from two sampling years (Mar 2001-Feb 

2002 and Mar 2002-Feb 2003) instead of two calendar years. 

Spearman rank correlation tests were used to examine the correlation between 

the number and biornass of arthropods, and rainfall and temperature, and to 

examine the relationship between insect abundance and gerygone breeding seasons. 

To ascertain whether the breeding frequency of Large-billed Gerygones and 

Mangrove Gerygones related to insect abundance in each of breeding sub-habitats 

an information theoretic approach was used (Burnham and Anderson 2001). The 

response variable was the number of clutches initiated each month (NEST). As 

Large-billed Gerygone placed their nests mainly along the tidal creek, the 

independent variable used was the number of insects in tidal creek sub-habitat, 

whereas for Mangrove Gerygones which nested mainly on saltflats, the insect 

abundance variables used were those for the saltflat sub-habitat. The model sets 

included global models with all explanatory variables. Models were fitted using 

generalized linear modelling (GLM) assuming a Poisson distribution using R 

statistical package. 
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6.3 Results 

6.3.1 Seasonal abundance 

6.3.1.1 Flying insects (window traps) 

A total of 4,313 and 2,606 flying insects were caught by window traps along the 

salt flats and creek, respectively. Based on the data from both sub-habitats, mean 

length (and SD) of insects caught in the upper collection bottle was 2.8 (± 2.1) mm 

(n=4,979), while mean length of insects caught in the lower collection bottle was 4.7 

(± 4.0) mm (n = 1,940). Therefore lower collection bottles sampled significantly 

longer-bodied insects than upper collection bottles (t-test, t=24.8, dJ6917, p<O.00l). 

The number of flying insects caught per unit sample in general did not show 

strong correlation with rainfall or maximum temperature (Table 6.1). 

Table 6.1 Correlation (r,) between number and hiomass offiying insect caught by window 
traps per unit sample with rainfall (mm) and maximum temperature (°C). Bold 
values, significant at p<0.05 

Habitat Unit sample Insect 
parameter 

Total monthly 
rainfall 

Maximum 
Temperature 

Saitfiat Upper Bottle Number -0.07 0.43* 

Upper Bottle Biomass -0.26 0.07 

Lower Bottle Number -0.28 0.20 

Lower Bottle Biomass -0.27 0.46* 

Creek Upper Bottle Number -0.10 -0.10 

Upper Bottle Biomass -0.18 0.23 

Lower Bottle Number 0.58* -0.23 

Lower Bottle Biomass 0.45* 0.02 

The number of flying insects caught in the upper collection bottles bottle, 

hereafter called smaller flying insects, varied between seasons but there was no 

significant seasonal variation in their biomass (Table 6.2). 
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Table 6.2 Comparison of the number and hiomass offlying insects in window trap samples 
between seasons in the saitfiat. Results of Kruskal-Wallis test comparing median 
values (data were from 2 years). , p < 0.05, ', p<0.001 

Group Parameter H df N p 
Small Number 27.52 5 132 *** 

Biomass 6.07 5 132 NS 
Large Number 12.30 5 133 * 

Biomass 18.85 5 133 * 

Table 6.3 Comparison of the number and hiomass offlying insects in window trap samples 
between seasons along the tidal creek. Results of Kruskal-IA/allis test comparing 
median values (data were from 2 years) 

Group Parameter H df N p 
Small Number 14.59 5 139 * 

Biomass 4.76 5 139 NS 
Large Number 12.72 5 135 NS 

Biomass 18.22 5 135 * 

The number of smaller flying insects was significantly higher on the saltflats 

than along the creek (Table 6.4; Fig. 6.1). The number of smaller flying insects 

during the year fluctuated with peaks during late wet season (March-April) and late 

dry-early wet season (September-December). The lowest numbers were recorded 

during mid wet (January-February) and mid dry seasons (July-August) (Fig 6.1). 

Table 6.4 Comparison of the number and biomass offlying insects in window trap samples 
between sub habitats. Result oft- tests comparing immeans (data from 2 years). 

Insect Parameter Creek Saltflat t df p 
size Mean SD Mean SD 

Smaller Number 10.31 11.29 22.71 23.36 -5.24 269 0.00 

(upper) Biomass 0.57 1.03 0.46 0.72 0.95 269 0.34 

Large Number 3.57 2.77 10.98 9.29 -8.98 266 0.00 

(lower) Biomass 1.06 2.79 2.34 4.73 -4.28 266 0.00 
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Table 6.5 Comparison of the number and biomass offlying insects in window trap samples 
between years. Result oft-tests comparing means (data from 2 years) 

Insect Parameter Year 1 Year 2 t df p 
size Mean SD Mean SD 
(bottle) 

Small Number 17.37 18.74 15.17 18.7 1.63 269 0.10 

(upper) Biomass 0.48 1.021 0.55 1.02 -1.78 269 0.08 

Large Number 7.57 7.02 6.88 8.57 1.85 266 0.07 

(lower) Biomass 1.85 3.68 1.52 4.18 1.63 266 0.10 
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Figure 6.1 Seasonal variation in number (mean ± SE) of insects caught in the upper bottle 
(smaller flying insects) in two different sub habitats. MT/V= mid wet, LW= late wet, 
ED= early dry, MD= mid dry, LD =late dry, EW= early wet. These figures present 
the means for each season over 24 sample months. 

The biomass of smaller flying insects fluctuated during the year with a peak during 

the late dry season (September-October) along the tidal creek. On the saltflats, 

biomass of smaller flying insects was highest during the late wet (March-April) and 

early wet seasons (November-December). The lowest biomass on the saltflats were 

recorded during the mid wet (January-February) and mid dry seasons (July- 
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August), while the lowest biomass in the creek were recorded in the late wet 

(March-April) and mid dry (July-August) seasons (Fig 6.2). 

Significant variation in the number of flying insects caught in the lower 

collection bottle, hereafter called larger flying insect, were found between sub-

habitats and seasons (Table 6.3-4), but not between years (p>0.05). The number of 

larger flying insects was higher on saltflats, where there was a distinct increase 

during the late dry season with a peak in the early wet season (November-

December), and lowest numbers during the mid wet season (January-February). 

The number of larger flying insects on the creek, however, did not vary seasonally 

(Fig 6.3). 
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Figure 6.2 Seasonal variation in hioniass (mean + SE) of smaller flying insect ('caught in 
the upper bottle) in two different sub habitats. Seasons defined in Fig. 6.1. These 
figures present the means for each season over 24 sample months. 
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Figure 6.3 Seasonal variation in number (mean ± SE) of larger flying insects ('caught in 
the lower bottle) in two different sub habitats. Seasons defined in Fig. 6.1. These 
figures present the means for each season over 24 sample months. 
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Figure 6.4 Seasonal variation in biomass (mean ± SE) of larger flying insect caughzt in 
lower bottles) in two different sub habitats. Seasons defined in Fig. 6.1. These 
figures present the means for each season over 24 sample months. 
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The biomass of larger flying insects did not differ between years (p>0.05). 

Significant variation in the mean biomass of larger flying insects was found between 

seasons and between sub habitats (Table 6.3-4). The seasonal pattern of insect 

biomass was very similar to that of their abundance. 

6.3.1.2 Sessile arthropods (sweep samples) 

During the 2-year sampling period (March 2001-February 2003), a total of 3,485 

(from 330 samples), and 6,327 (from 405 samples) individuals of arthropods were 

collected from creeks and saltflats, respectively. Although efforts were made to 

obtain similar numbers of samples for each subhabitat and each year, this was 

precluded because of adverse weather conditions and the differences in 

accessibility. T-tests showed that sample sizes did not differ between the two sub-

habitats (t=-1.93, df=46, p>0.05), or between the two years (t1.34, df46, p>O.OS). 

A significant negative correlation was found between number of arthropods and 

total monthly rainfall, but no correlation with maximum temperature was found 

(Table 6.6). 

Table 6.6 Correlation (r) between number and hioniass of arthropods caught by sweep nets 
with rainfall (;iiiii) and maxinium temperature (°C). 

Habitat Insect Total monthly Maximum 

parameter rainfall Temperature 

Saltflat Number 0.68* 0.12 

Biomass -0.32 0.19 

Creek Number 0.51* 0.30 

Biomass 0.11 -0.24 
* significant at p<0.05  

The number and biomass of arthropods caught with in sweep samples, hereafter 

called sessile arthropods, varied significantly between seasons and sub-habitats 

(Table 6.7). 
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Table 6.7 Comparison of the number and biomass of total arthropods in sweep samples 
between seasons. Result of Kruskal-Wallis test comparing median values (data 
from 2 ijears), P. ** < 0.01, < 0.001 

Sub- Parameter H df N Significance 
habitat 

Creek Number 60.30 5 330 

Biomass 15.59 5 329 ** 

Saitfiat Number 138.40 5 405 

Biomass 55.45 5 405 

The number of sessile arthropods on saltflats was higher than that along the 

creeks. On saitfiats, sessile arthropods steadily increased in numbers during the dry 

season, reaching a peak during the late dry season, with a dramatic decline in the 

early wet season (Fig 6.5). Along tidal creeks, sessile arthropods also increased 

(slightly) over the course of the dry season, but reached their peak in the early wet 

season (Fig 6.5). However the number of sessile arthopods was lowest during the 

mid- and late wet seasons in both habitats. 
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Figure 6.5 Seasonal variation in mean number of sessile arthropods caught in sweep net) 
in two sub habitats. Seasons defined in Fig. 6.1. These figures present the means 
for each season over 24 sample months. 
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The biomass of sessile arthropods on saitfiats fluctuated more than along the creeks, 

showing a similar pattern to numbers (Fig 6.6). However, sessile arthropods along 

the creeks showed highest biomass in the late wet and late dry seasons (Fig 6.6). 
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Figure 6.6 Seasonal variation in inean biomass of sessile arthropods ('caught in sweep net) 
in two sub habitats. Seasons defined in Fig. 6.1. These figures present the means 
for each season over 24 saniple mont/is. 

6.3.2. Taxonomic composition of arthropods 

6.3.2.1 Flying insects (window traps) 

A total of 11 orders of insects were recorded from samples of window traps. The 

most abundant order captured by window traps was Diptera (flies), both along tidal 

creeks and saltflats (Fig 6.78). However, the composition of the taxa between lower 

and upper collection bottle differed significantly in creek habitat (x21147.96, df-8, 

p<O.00l) as well as on saltflats (x2= 22404.99, df=8, p<O.00I). 

The four major orders of flying insects captured were Diptera, Hemiptera 

(bugs), Coleoptera (beetles) and Hymenoptera (wasps and ants). They comprised 

98% of the total smaller flying insects along the creeks, and 96% on the saltflats. For 

larger flying insects these four orders totalled 92% along the creeks and 82% in the 
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saltflats. Diptera and Hymenoptera were more abundant along creeks (Table 6.8). 

Smaller Hemiptera were more abundant in saltflats, but there was no significant 

difference in the abundance of larger Hemiptera between creeks and saltflats. 

Smaller Coleoptera did not differ significantly between creek and saitfiat, but larger 

Coleoptera were more abundant in saliflat (Table 6.8). 
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Figure 6. 7 Taxonomic composition (orders) of smaller flying insects on tidal creeks and 
saltflats ('other orders included Odonata, Trichoptera, and Strepsiptera). 
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Figure 6.8 Taxonomic composition (orders) of larger flying insects on tidal creeks and 
saltflats (other orders included Odonata, Man todea, Pliasmatodea, and 
Strepsiptera) 
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Table 6.8 Comparison of relative abundance (%) of major taxa (orders) of flying insects 
caught by window traps along tidal creeks and on saitfiats. C/u-squared test with 
Yates correction. , p<O.00l; otherwise not significant 

Major taxon Smaller insects (%) Large insects (%) 

Creek Saltflat X2 , p  Creek Saitfiat X2, p  

Diptera 57.01 39.71 143.73 *** 35.31 23.37 28.64 *** 

Hemiptera 15.45 33.59 203.95 *** 13.46 12.09 0.58 

Coleoptera 12.79 13.12 0.09 14.51 21.98 13.70 *** 

Hymenoptera 12.79 9.52 12.93 *** 28.50 24.69 2.86 

Combining data for smaller and larger flying insects, it was revealed that Diptera 

was most abundant along the creek followed by Hymenoptera. Hemiptera and 

Coleoptera were more abundant in the saltflat (Fig 6.9). 
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Figure 6.9 Taxonomic coin parison of flying insects captured by window traps) of two 
mangal sub-habitats (tidal creeks and saltflats) 
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6.3.2.2 Sessile arthropods (sweep net samples) 

The most abundant order captured by sweep netting was Hemiptera, both along 

the creeks and on saltflats (Fig 6.10). Fluctuations in arthropod abundance varied 

for different taxa. However, significant seasonal changes in the mean number of 

arthropods were found only in Hemiptera (Table 6.9; Fig 6.11). 

Figure 6.10 Taxonomic comparison of arthropods (captured by sweep nets) of two mangal 
sub habitats 

Table 6.9 Comparison of the number of arthropods in sweep samples between seasons. 
Result of Kruskal-Wallis tests f-5; n=48) comparing median values (data were 
from 2 years). 

Taxon H p 

Araneae 3.41 NS 

Coleoptera 0.96 NS 

Diptera 3.95 NS 

Hemiptera 12.64 * 

Hymenoptera 1.76 NS 
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Differences between subhabitats in the abundance of arthropods also varied among 

taxa (Table 6.10; Fig 6.12-14). Coleoptera was slightly more abundant (p<O.00l) 

along tidal creeks than on saltflats, while Diptera was more abundant on saltflats 

(p<O.05). 

Table 6.10 Comparison of the number of arthropods in sweep samples over 2 ijears between 
sub habitats. Means and SDs are untransformed (raw) values, whereas t-tests ('df=46) 
were based on log-transformed data. 

Taxon Creek 
Mean SD 

Saltflat 
Mean SD 

t p 

Araneae 1.29 1.52 1.79 2.00 -0.75 0.45 

Coleoptera 0.75 0.61 0.17 0.38 4.06 0.0001 

Diptera 1.13 1.57 2.25 2.19 -2.47 0.02 

Hemiptera 3.88 5.21 7.5 15.96 -0.47 0.64 

Hymenoptera 0.63 0.82 0.71 1.08 -0.07 0.95 
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Figure 6.11 Seasonal c/manges in the mean number of major arthropod taxa caught in sweep 
sam pies in the mangais 
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Figure 6.12 Seasonal changes in the mean number of Hemiptera caught by sweeping 
around tidal creeks and saitfiats. 

1.6 

1.4 

1.2 

1.0 

0.8 

06 

8 0.4 

0.2 

0.0 

-0.2 

I 

U'tJ I I 
II 1ii 

I III 
LW ED MD LD BiN MW LW ED MD LD BiN MW -' - an 

III an±SE 
Tidal Creek Saitflat 

Season 

Figure 6.13 Seasonal changes in the mean number of Coleoptera caught by sweeping 
around tidal creeks and saltflats 
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Figure 6.14 Seasonal changes in the mean number of Diptera caught by sweeping around 
tidal creeks and saitfiats. 

6.3.3 Relationship between insect seasonality and gerygone seasonality 

Logistic regression analyses were used to examine the relationship between the 

number of arthropods caught each month in window traps and sweep samples, and 

the breeding season of the Large-billed and Mangrove Gerygones as measured by 

the number of clutches initiated each month. The explanatory variables for the 

models were the number of insects caught in the lower bottles of window traps on 

tidal creeks (NumCkL) and saitfiats (NumSfL), the number caught in the upper 

bottle of these traps (NumCkU, NumCSfU), and the number caught in sweep 

samples (NurnCkN, NumSfN). 

For the Large-billed Gerygone, the global model explained 14% of the variance, 

while for the Mangrove Gerygone, 18% of the variance was explained. There was no 

single model which clearly best fit the data for Large-billed Gerygones, but the 

number of insects caught in the lower bottle of window traps gave the best fit 

(Table 6.11). However, the number of (smaller) insects caught in the upper bottles of 

window traps was clearly the best model for Mangrove Gerygones (Table 6.12). 
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Table 6.11 Generalised linear models explaining number of clutches of Large-billed 
Gerygones per month in relation to insect abundance. Explanatory variables in 
candidate models are NumCkL=Nuniher of insects captured in lower bottle of window 
trap; NumCkUNumber of insects captured in the upper bottle of window trap, 
NumCkN=Number of insects captured by sweep net 

Candidate Model 4 A(g1  x) w 

I NumCkL 0.000 1.00 0.28 

2 NumCkU 0.551 0.76 0.21 

3 NumCkL+NumCkU 0.982 0.61 0.17 

4 NumCkN 1.201 0.55 0.15 

5 NumCkN+NumCkL 2.504 0.29 0.08 

6 NumCkN+NumCkU 3.177 0.20 0.06 

Table 6.12 Generalised linear models explaining number of clutches of Mangrove 
Gerygones per month in relation to insect variables. Explanatory variables in 
candidate models are NumSfL=Number of insects captured in lower bottle of window 
trap; NuniSfU=Number of insects captured in the upper bottle of window trap, 
NuniSfN=Number of insects captured by sweep net 

Candidate Model 4 A(g4 x) w 

1 NumSfU 0.000 1.00 0.49 

2 NumSfL+NumSfU 2.073 .035 0.17 

3 NumSfN+NumSfU 2.609 0.27 0.13 

4 NumSfN 3.891 0.14 0.07 

5 NumSfL 3.990 0.04 0.07 

6 NumSfN+NumSfL 6.504 0.04 0.02 

No significant correlation was found between the number of clutches of Large-

billed Gerygones and the abundance of any arthropod taxon, but there was a 

slightly significant correlation between the number of clutches of Mangrove 

Gerygones and the abundance of Hemiptera, and a negative correlation with 

Dipteran abundance (Table 6.13) 
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Table 6.13 Correlations (r 5 ) between number of clutches started each month by Large-
hilled and Mangrove Gerygones and the abundance of major arthropod taxa. 

Araneae Coleoptera Diptera Hemiptera Hyrnenoptera 

Large-billed 0.19 0.03 -0.42 0.37 -0.30 
Gerygone 

Mangrove 0.12 -0.10 0.51* 0.47* 0.16 
Gerygone 

6. 4 Discussion 

6.4.1. Arthropod abundance in mangals 

Little is known of the diversity of insects in mangals, possibly because mangals have 

traditionally been considered as having a depauperate terrestrial arthropod fauna 

(Hutchings & Recher 1982; Hutchings & Saenger 1987)). Meades et al. (2002) sampled 

insects over two months from three mangal patches along the south coast of NSW, and 

found 252 species among 12 orders. There was little spatial variation in abundance and 

species composition of arthropods between the three mangal patches, but mangals are 

poorly-developed in southern NSW, with only two mangrove species present. In Darwin 

Harbour, Coupland (2002) found 249 species of insects on just three plants of each of four 

mangrove species. Of these, 70% were collected only once, and over a half of the insect 

species collected on each mangrove species were exclusive to that plant species. 

It is well established that different insect sampling techniques are biased towards 

different taxa, so combinations of different trap types are usually recommended (Basset 

1990; Majer & Recher 1988). Intercept traps have been used frequently to sample both 

fast- and slow-moving insects (Frith & Frith 1985; Basset 1991; Basset et al. 1997; Kitching 

et al. 1997), but this method is unsuitable for sampling non-flying arthropods. In mangals 

of southern New South Wales, Meades et al. (2002) found a large difference between 

intercept traps and canopy fogging, with only a small proportion of species overlapping. 

Their results suggested that intercept traps caught a more representative sample of the 

species available to them. Pinheiro et al. (2002) sampled insects of the savanna-like 

vegetation of the central Brazilian cerrado using window, malaise and pitfall traps over 
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12 months, and found that the window traps were the most efficient, sampling 85% of the 

total number of insects. Poulin et al. (1992) suggested that sweep-netting gave better 

results than Malaise, pitfall and light traps in terms of representing the types of prey 

eaten by birds in tropical Venezuela. 

Studies in tropical regions with a severe dry season have shown a marked reduction 

in insect abundance during the dry season (e.g. Janzen &z Schoener 1968; Janzen 1973a,b; 

Wolda 1978; Poulin et al. 1992). On the other hand, little, if any, reduction in insect 

abundance occurred during the dry season in more humid (1500-4000 mm MAR) tropical 

habitats (e.g. Fogden 1972; Janzen 1973a,b; Buskirk & Buskirk 1976; Smythe 1982). 

In contrast to these studies, however, Lefebvre et al. (1994) found that the abundance 

of sweep-netted arthropods in a Venezuelan mangal was higher during the dry season 

than the wet season (MAR, 915 mm). Although small (< 5 mm long) arthropods were 

most abundant during both the wet season and early dry season, larger Hemipterans, 

Dipterans and spiders were most abundant during the dry season. In addition, avian 

breeding activity at their site occurred from the mid-dry to the early wet season. This 

contrasted sharply with the arid thorn scrub and deciduous forest habitats in the same 

region, where arthropods were most abundant in the wet season, and birds of all feeding 

guilds bred and moulted during the wet season (Poulin et al. 1992). Lefebvre et al. (1992) 

suggested that environmental factors (in particular, the dry season) were less limiting in 

mangals than in adjacent habitats. 

The insect and avian phenological patterns in mangals shown in the present study are 

similar to that of the Venezuelan study cited above. Both flying insects and sessile 

arthropods were present year-round in the Darwin mangals, but most prevalent during 

the late dry-early wet transition period, and least abundant during the mid wet season. 

There was also evidence of a peak in the abundance of some taxa during the late wet 

season. This corroborates the study of Noske (1996, 2003, unpubi. data), who sampled 

flying insects each month using Malaise and window interception traps at three locations 

from May 1990 to February 1993 near Palmerston on Darwin Harbour. Insects showed 

only a twofold variation in mean numbers between the peak and trough months. 

Although there was fluctuation from year to year, the mean numbers of flying insects 

peaked in April-May, with a smaller peak apparent in October. The fewest insects were 
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recorded during the three months from November to January. Noske (2003) suggested 

that this pattern may be partly related to tidal pat±erns, as suggested by the bimodality of 

high spring tides (>7 m Chart Datum). 

In contradiction of the above, Coupland (2002) suggested that insect abundance 

increased in mangroves during the wet season. However her study was limited to 22 

samples over one year, comprising 2-3 replicate trees of each of four mangrove species (A. 

marina, C, australis, R. stijiosa and S. a/ba). Furthermore, examination of Coupland's (2002) 

data indicates that the number of insects collected in the dry season was very similar to 

that in the wet season for four of the 11 mangrove species-site combinations, and as she 

notes, exceeds the wet season sample in one case. In her samples, Hymenoptera was the 

most abundant (40.4%) order, followed by Hemiptera (23.6%), Diptera (18.5%), 

Coleoptera (4.8%) and Lepidoptera (4.8%). Coupland (2002) also found that A. marina and 

C. australis harboured the greatest diversity of insect species, and A. marina also 

harboured the highest number of insects. 

As expected, the two insect sampling techniques used in this study yielded somewhat 

disparate results in terms of both seasonality and taxonomic composition. The different 

biases of the window trap bottles are consistent with findings of other studies: window 

traps (with a lower bottle) are more efficient at collecting Coleoptera, whereas Diptera 

often predominate the insects caught by malaise traps (with an upper bottle) (Basset 1988; 

Pinheiro et al. 2002). The present study also showed that seasonal fluctuations varied 

between flying insects of different sizes. Smaller flying insects showed more pronounced 

seasonal fluctuations in numbers than larger insects, although their biomass varied little 

between seasons (Table 6.3). Seasonal changes in the abundance of insects were also 

more pronounced on saltflats than along the tidal creek, possibly because the latter is 

climatically more stable, whereas fluctuations in temperature due to the direct exposure 

of the saltflats to solar radiation are presumably more dramatic. 

6.4.2 Relationships between insects, habitats and gerygones 

Diptera and Hemiptera were the most frequent taxa among the flying insects, and 

they were commonest on tidal creeks and saltflats, respectively. Hemiptera dominated 

the sessile arthropods of saltflats, but there was no dominant group of sessile arthropods 
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on tidal creeks. Hymenoptera and Coleoptera in sweep samples were commoner on tidal 

creeks and saitfiats, respectively. Except for the prevalence of Hemiptera on saltflats, 

these trends do not accord with the predictions based on the subhabitat preferences and 

presumed diet of the two species of gerygones. Generalised Linear models suggested that 

the number of small insects (from the upper bottle) was relatively important in explaining 

variation in egg laying dates of Mangrove Gerygones, while large insects (from the lower 

bottle) were more marginally more important than smaller ones in the case of Large-

billed Gerygones. This is consistent with the larger bill of Large-billed Gerygones, and the 

prevalence of hard-bodied Coleoptera in their stomachs. 

The peak numbers of flying insects during the late dry-early wet season corresponded 

with the second breeding pulse of the Large-billed Gerygone, and to a lesser extent, that 

of the Mangrove Gerygone. Sessile arthropods also peaked in the late dry season, but 

there was no evidence of a second (late wet) peak. Only the smaller flying insects showed 

an increase in abundance which coincided with the first breeding pulse of the gerygones. 

Among the sessile arthropods, only Hemiptera showed significant seasonality, with high 

numbers throughout the dry season. This may explain why the breeding season of the 

Mangrove Gerygone starts later and finishes earlier than that of the Large-billed 

Gerygone, as the former apparently eats more Hemipterans than the latter, at least in 

Western Australia (Noske 2003). 

The reduced numbers of both flying and non-flying arthropods during the mid-wet 

and mid-dry seasons may explain the hiatus of breeding activity among gerygones and 

other small insectivores at those times of the year. Like the Mangrove Gerygone, Lemon-

bellied Flycatchers Microeca flaviventris in the Darwin region show a biannual breeding 

season, with peaks in three months: April and August-September (Noske 2003). Similarly, 

the partly-nectarivorous Yellow White-eye Zosterops luteus has been recorded breeding in 

all months (Noske 1999), but 74% of clutches in the Darwin region were started in April-

May and September-October (Noske 2003). Thus all four species concentrate their egg 

laying in the wet-dry transition and late dry seasons, and generally avoid breeding in the 

wettest months (January-February), when insect availability is lowest. 

Like the Mangrove Gerygone, these species show a distinct preference for saltflats, 

and both sampling methods demonstrated that insects (flying and sessile) were more 
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abundant on saitfiats than on tidal creeks. However, many species nesting around 

saitfiats are not insectivorous. These include the nectarivorous Red-headed Honeyeater 

Mijzoniela erythrocepliala and Brown Honeyeater, as well as the frugivorous Mistletoebird 

D icaeu in 111' riiiidiiiacciiiii and granivorous Double-barred Finch Tneniopygia biclienovii. The 

diverse ecologies of these species suggests that factors other than insect abundance are 

involved, and as argued in Chapter 4, one of these is likely to be nest predation. 
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Chapter 7 

CONCLUSIONS 

This study used the tropical-temperate paradigm (juxtaposing nest predation 

and food limitation) as a framework for understanding the evolution of avian life 

history characteristics associated with the tropics. In fact there is no inherent reason 

to assume that tropical birds in Australia should conform to the model. This model is 

largely based on evidence from the New World, which has a completely different 

avifauna from that of Australia, including a major radiation of the suboscine 

passerines in the neotropics. The majority of Australian passerines belong to an 

ancient endemic assemblage (parvorder Corvida) that evolved and radiated within 

Australia (Sibley & Ahiquist 1985). Australian passerines have been shown to 

resemble those of the tropics, and other southern hemisphere continents, more so 

than those of the North Temperate region (Woinarski 1985; Yom-Tov 1987; Ford 

1989; Rowley & Russell 1991; Russell 2000). Although many characteristics (long 

breeding season, small clutch size, low nest attentiveness and low breeding success) 

of the tropical gerygones conformed to the New World model, most are just as easily 

understood in the context of a single gerygone radiation within Australasia, with 

tropical species showing "peculiar" adaptations to the climate and resources. 

Although the breeding activity of the gerygones was correlated with insect 

abundance, there was little direct evidence that gerygones were limited by food. 

Observations and video footage at the nest suggest that their insect prey is small, 

and probably one item is brought to the young per nest visit. Small average prey size 

would force incubating females to spend a long time off the nest, which is consistent 

with the long off-bouts recorded for both species. This, combined with the apparent 

lack of multiple prey items per visit, may also explain why nestling feeding rates 

were relatively high. Whilst there were no data available for incubation rhythms of 

temperate gerygones, the limited observations of White-throated Gerygones by 

Donaghey (1962) suggest that high feeding rates may be normal for gerygones. 

Insects were more abundant on the saltflats than along tidal creeks. However, 

this is unlikely to be the reason for why so many bird species utilize saltflats, as 

many of these species are not insectivorous and forage largely outside mangals or 
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are more typical of other habitats (Chapter 6). This suggests that they are exploiting 

the saltflats for other another reason. Whilst the second breeding pulse of gerygones, 

and other species showing biaimual breeding, corresponded with the time of peak 

insect abundance in the mangals, the first breeding (late wet season) pulse coincided 

with a peak in small flying insects only. On the other hand, there was a marked drop 

in predation rates of artificial nests between February and May, suggesting that nest 

predation may be an important factor in the timing of breeding of gerygones, at least 

during the first breeding pulse. 

The importance of nest predation to the study species was confirmed by several 

lines of evidence. Mangrove Gerygones nesting in isolated nest plants suffered less 

nest predation than those on the edge of the mangal forest. Artificial nest predation 

was lower on saltflats than along tidal creeks, providing a better explanation for the 

popularity of saltflats as breeding grounds for non-insectivorous species. Moreover, 

saltflats provide an open environment with greater potential of detecting adult 

predators when incubating birds are sitting on their nests. Low nest attentiveness by 

the gerygones may also be an adaptation to reduce predation of adults or broods. 

To assess the relative importance of food availability and nest predation, as well 

as the role of brood parasitism, to the timing of breeding by the gerygones, models 

were fitted using generalized linear modelling (GLM) with a Poisson distribution. 

The response variable was number of clutches initiated per month (NESTLG and 

NESTMG for Large-billed and Mangrove Gerygones, respectively). Explanatory 

variables for food availability were those that provided the best fit for each species in 

the previous section (NumCkL for Large-billed Gerygone, and NumSfU for 

Mangrove Gerygone). The other explanatory variables were % nest predation 

(PRED) and % brood parasitism (PARA), calculated from data used in Chapters 3 

and 5. The response variable was the number of breeding attempts per month 

(NESTLG or NESTMG). The candidate model set included combinations of these 

explanatory variables and a global model with all explanatory variables. For Large-

billed Gerygone, the global model was found to account for 42.8% of the variance, 

and for Mangrove Gerygone, 27.8% of the variance. 
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Table 7.1 Generalised linear models explaining number of clutches of Large-hilled 
Gerygones per imiontli In relation to insect abundance, % nest predation and %hrood 
parasitism. Explanatory variables in candidate models were PREDLG=Percent nest 
predation, PARALG= Percent Brood Parasitism, NuinCkL=Nunzher of insects 
captured in lower bottle of window traps along the creek 

Candidate Model Ai  A(g x) w 

1 PREDLG+PARALG 0.000 1.00 0.28 

2 PREDLG 0.016 0.99 0.28 

3 NumCkL+PREDLG 1.009 0.60 0.17 

4 PARALG 2.061 0.36 0.10 

5 NumCkL 2.328 0.31 0.09 

6 NumCkL+PREDLG 3.434 0.18 0.05 

7 NumCkL+PARALG 4.788 0.09 0.03 

Table 7.2 Generalised linear models explaining number of clutches of Mangrove Gerijgones 
per mont/i in relation to insect abundance, % nest predation and %brood parasitism. 
Explanatory variables in candidate models are PREDMG=Percen t nest predation, 
PARAMG= Percent Brood Parasitism, NuniSJUNumher of insects captured in 
lower bottle of window traps in saltflats. 

Candidate Model Ai A(gi  I x) w1  

1 NumSfU 0.000 1.00 0.52 

2 PREDMG 2.618 0.27 0.14 

3 NumSfU+PREDMG 2.928 0.23 0.12 

4 PARAMG 3.160 0.21 0.11 

5 PARAMG+NumSfU 3.930 0.14 0.07 

6 PREDMG+PARAMG 5.736 0.06 0.03 

There was no single model which clearly best fit the data for Large-billed 

Gerygones. However, the top three models all included the rate of nest predation 

suggesting that, of those measured, this was an important factor affecting breeding 

attempts. For Mangrove Gerygone, there was more support (52%) that the best 

model for breeding attempts was the number of small insects caught in the window 

trap (Table 6.11). These results hint that the selection pressures for the timing of 

breeding may differ between the two species. The importance of insect abundance to 
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the breeding season of Mangrove Gerygones is consistent with the greater 

importance of insect variables in the GLM analysis of this species compared to the 

Large-billed Gerygone, as shown in the previous section, albeit only less than 20% of 

the variation in egg-laying dates was explained by insect biomass. The importance of 

nest predation and nest parasitism rates in the timing of reproduction of Large-billed 

Gerygones is also reflected in the slightly higher levels of nest predation and brood 

parasitism it suffers compared to the Mangrove Gerygone. 

However, the models do not explain the nature of the relationship between nest 

predation or brood parasitism and clutch iniation. Does it simply reflect a density-

dependent effect between predators or brood parasites and gerygones, showing that 

the more clutches are laid, the more they are depredated and parasitised? Further 

investigations and analyses would be required to examine how the timing of 

breeding is affected by these variables. 

This study demonstrated high levels of brood parasitism, and possibly, nest 

predation among gerygones in Darwin's metropolitan area. Artificial nest predation 

rates outside Darwin were lower than those at the study sites, suggesting that nest 

predators may be less diverse in the urban area. Nevertheless, nest predation rates of 

Darwin gerygones were higher than those reported for their congeners. High brood 

parasitism rates and apparent competition between cuckoos for host nests (as 

indicated by multiple cuckoo eggs in nests) suggest that cuckoo populations in 

Darwin might be elevated, possibly owing to the dense rainforest-like cover 

provided by urban gardens. Under such conditions, Darwin mangals may represent 

sink habitats for their gerygone populations. However, if recruitment among 

gerygones within Darwin's metropolitan area is reduced due to elevated levels of 

brood parasitism (and possibly, nest predation), it is presumably compensated by 

immigration from the extensive undisturbed mangals of nearby Darwin Harbour. 
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