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Abstract 

 

The community ecology of birds in mangrove forests at 13 sites in the Darwin region 

was investigated between February 2008 and April 2009. This study examines the 

environmental determinants of the community ecology of mangrove birds. A total of 

115 bird species representing 43 families were observed. Excluding non-target 

species, 70 species were recorded at a density of 11.7 ind.ha-1 with eleven mangrove 

specialists. Large continuous mangrove patches supported fewer species than a 

combination of several smaller patches. The composition of patches did not comprise 

nested subsets of bird species, partly because of a seasonal influx from the matrix but 

also because bird species richness of mangrove patches is highly dependent on the 

type of habitat in the matrix. Patches surrounded by savanna were species poor, 

while patches that included monsoon rainforest were relatively species rich. The 

latter clearly indicates that mangroves contain empty niches, are thus not saturated 

with bird species and that competition for resources does not play a strong role in 

structuring the bird community. Null model analysis of non-random assemblage 

structure (nestedness and species co-occurrence) revealed no deterministic structure 

to the overall mangrove species assemblage. High bird species richness and density 

in the mangroves was associated with high plant species richness and abundant, 

widely available food resources. Overall bird density increased with insect 

abundance, which varied between seasons and mangrove patches. Insect abundance 

was highest when mangroves were flowering particularly during the flowering peaks 

of Bruguiera exaristata and Avicennia marina. In general, partitioning of the 

available foraging niches was limited resulting in the dominance of the bird 

assemblage by a few species that are generalists (nectar, insects) and occur at high 

densities. Consideration of the nature, extent and diversity of the surrounding 

matrices is vital in managing and conserving mangrove bird communities. 
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CHAPTER 1 

General Introduction 
 

 

1.1 Introduction 

This thesis examines the community ecology and environmental determinants and 

correlates of the community ecology of birds in mangrove ecosystems in the Darwin 

region of the Northern Territory, Australia. Mangroves are relatively floristically 

diverse in northern Australia and comprising one functional type of vegetation, 

provide a unique opportunity to examine the relationship between habitat 

heterogeneity and bird species richness. The latter is compared and contrasted to 

other general determinants of species richness such as habitat area, resource (food) 

availability, surrounding matrices, environmental gradients and local ecological 

interaction (potential competition for resources).  

 

1.2 Biogeography, evolution and distribution of mangroves 

Mangrove ecosystems are among the most threatened habitats in the world (Luther 

and Greenberg, 2009). They are an important source of primary productivity and 

perform extremely important ecosystem functions and they harbour a high diversity 

of fauna for their relatively depauperate flora (Alongi, 2002). Mangroves are 

variously referred to as coastal woodland, mangals, tidal forest and mangrove forest 

(Hutchings and Saenger, 1987). Mangroves constitute the characteristic vegetation of 

the intertidal environment on sheltered tropical and subtropical coastlines.  

The evolutionary history of mangrove plants is intriguing in that they belong 

to a variety of taxonomic families but only one family; the Rhizophoraceae is 

exclusively confined to the mangroves (Vannucci, 2001). It is generally accepted that 

mangroves have evolved from land plants as almost all mangroves are angiosperms 

without primitive characteristics (Duke, 1995). Mangroves occur in two main 

regions, the Atlantic-East Pacific and the Indo-West Pacific. It is generally agreed 

that mangrove ecosystems first appeared in the late Cretaceous-early Tertiary period 

when they are thought to have evolved during the main period of radiation of 

angiosperms during the Palaeocene/ Eocene period around the Tethys Sea 

(separating the northern supercontinent of Laurasia from the southern 
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Gondwanaland), before the Tethyan connection between the Atlantic and the Indo-

west Pacific oceans closed in the late Miocene period (Ellison et al., 1999). The 

fossil record demonstrates that all mangrove genera, with the exception of 

Excoecaria, evolved before the Tethyan connection between the Atlantic and the 

Indo-West Pacific closed in the Late Miocene (Ellison et al., 1999). Eighteen million 

years ago (mya), the western Tethys Sea became isolated with the closure of the 

Mediterranean by the collision of the African and Asia Minor plates and later the 

closure of the Panama gap around 3 mya resulted in three disjunct mangrove floras 

of which the eastern Pacific is too recent in origin to differ morphologically from its 

Atlantic progenitor (Saenger, 1988).  

 The present distribution of mangroves world wide is in two biogeographic 

centres, with the greatest species richness in the Indo-West Pacific centre and a few 

species only in the Caribbean and West Atlantic centre (Duke, 1995). The global 

distribution of mangroves indicates a pan-tropical dominance with major latitudinal 

limits relating to the main oceanic currents and the 20ºC seawater isotherm in winter 

(Alongi, 2002). Mangroves occur in 112 countries and global coverage has been 

estimated at over 179 000 km2 (Duke, 2006). After Indonesia and Brazil, Australia 

has the third largest area of mangroves representing approximately 6.7% (12000 

km2) of the global mangrove area, with 22% of its total coastline covered by 

mangrove forest of which 40% occurs in Queensland and another 35% in the 

Northern Territory (Galloway, 1982; Harty and Cheng, 2003). Australian mangroves 

boast approximately 58% of the world’s total mangrove species comprising 39 

species. The greatest mangrove richness (32 species) is found in tropical north 

Australia, while only a few species occur in southern temperate regions (FAO, 2007; 

Harty, 1997). Mangroves occur as far south as Victoria and South Australia, although 

these communities are limited to stunted Avicennia marina and only in areas that are 

predominantly frost-free (Lee, 2003). In addition, mangrove communities often 

intergrade with coastal rainforests and vine-forest (Brock, 1998). 

 

1.3 The mangrove ecosystem  

The mangrove ecosystem has unique functional and structural characteristics. The 

include relatively simple food webs containing a combination of marine and 

terrestrial species, fish nursery grounds and breeding sites for mammals, reptiles and 

birds, and accumulation sites for sediment, some contaminants, carbon and nutrients 
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(Alongi, 2002).  Mangrove communities also perform several other important 

functions in maintaining balance in coastal geomorphology by stabilising coast and 

estuaries, reclaiming margins, retard tide and current erosion influences (Brock, 

1993). Despite the relatively low floral diversity, plants in mangrove have a wide 

range of structural and functional attributes that ensure their survival and propagation 

under the harsh conditions of the intertidal zone (Duke et al., 1998). Mangrove trees 

have unique morphological, ecophysiological and reproductive traits, including aerial 

roots, viviparous embryos, tidal dispersal of propagules, rapid rates of canopy 

production, absence of an understorey stratum, wood with narrow densely distributed 

vessels, lack of growth rings, an efficient nutrient retention system, and the ability to 

deal with salt and to maintain water and carbon balance (Alongi, 2002).  

To endure regular tidal inundation mangrove plants have evolved exposed 

breathing roots that permit growth in anaerobic sediments, support structures or 

buttress roots and above ground shallow root systems, low water potentials and high  

intracellular salt concentrations to maintain favourable water relations in saline 

environments, foliage salt excretion to remove excess salt from sap, xerophytic 

water-conserving leaves to cope with periods of high salinity stress and buoyant 

viviparous propagules to promote dispersal and recruitment (Duke et al., 1998). 

 

1.4 Biodiversity in mangroves 

Mangroves harbour a wide variety of marine and terrestrial organisms from large 

endangered mammals to endemic bird and ant species (Cannicci et al., 2008; 

Nielsen, 1997). They are also important nursery grounds and breeding sites for birds, 

fish, crustaceans, shellfish, reptiles and mammals. Lesser known microfauna such as 

Kynorhyncha, Gastrotricha, Amphipoda and relatively better studied groups such as 

Nematoda, Anellida, Mollusca and Crustacea all live in the rhizosphere and the 

humid upper layer of the soil (Vannucci, 2001). Molluscs and Crustaceans have 

clearly differentiated niches with some molluscs living exclusively on tree trunks and 

roots of mangrove trees (Hutching and Saenger, 1987). Mangroves are also the 

breeding area for a vast number of arthropods including mosquitoes and biting 

midgets; Burrows (2003) recorded sixty-one species of insects feeding on the foliage of 

A. marina and Rhizophora stylosa where these herbivores showed a high degree of 

adaptation and host-specificity. With its small creeks and channels, stilt roots and soft 
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substrates may also provide refuge from predators for both invertebrates and 

vertebrates.  

Most of the aquatic fauna are marine in origin and thus many mangrove 

species have wide pan-tropical distributions (Hutchings and Saenger, 1987). In 

contrast, vagile fauna, such as birds, tend to derive from neighbouring mainland 

communities. The Darwin region hosts a relatively high diversity of birds (~ 254 

species) (Crawford, 1972) and supports the richest mangrove-endemic avifauna in 

the world with a relatively high number of small insectivorous species (Noske, 

1996). Although only a few bird species are confined to mangroves, the bird 

community can be spatially and trophically complex with up to six main feeding 

guilds, namely granivores, hawkers, nectarivores, hovering, snatching and gleaning 

insectivores (Noske, 1996).  

Although mangroves are not primary habitat for many terrestrial fauna, they 

provide additional habitat, corridors between different types of habitat, temporary 

island refugia and provide relatively protected breeding sites for many terrestrial 

species (Hutchings and Saenger, 1987; Kutt, 2007). For example, the black flying 

fox Pteropus alecto shifts its day roosting sites seasonally, from bamboo and 

mangrove habitats in the dry season to rainforest in the wet season in the Darwin 

region (Palmer and Woinarski, 1999). Being the only other volant vertebrates in 

mangroves apart from birds, bats use similar habitat space and overlap in diet, but 

have a different temporal niche to insectivorous birds (Yalden and Morris, 1975).  

Mangrove ecosystems have been studied extensively but mangrove fauna has 

been little studied. For example, despite the fact that Indonesia has the largest extent 

of mangrove forest in the world, almost nothing is known about its faunal 

assemblage while only eight published studies have described the mangrove bird 

community of Brazil (Mestre et al., 2007). Similarly, the only comprehensive survey 

of mangrove birds and fauna undertaken in the Northern Territory is by Noske 

(1996) and Metcalfe (2007), respectively. Metcalfe (2007) recorded 13 species of 

volant mammals comprising 11 bat, two herbivorous rodent, and 47 bird species 

including nine mangrove specialists, and 254 invertebrate taxa at six sites in Darwin 

Harbour, while Noske (1996) recorded 54 species of birds in the nearby Palmerston 

mangroves in Darwin Harbour. 
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1.5 Patterns in avian community ecology 

Birds have been used to develop many theories in community ecology, island 

biogeography and conservation biology, because they are taxonomically well 

defined, well studied and relatively easy to observe and study. Community ecology 

has concentrated on determining patterns in species associations and distributions, 

and identifying processes that lead to these patterns and species coexistence 

(Lewinsohn and Prado, 2006). MacArthur and Wilson (1967) proposed in their 

dynamic equilibrium theory of island biogeography (IBT) that species richness on 

islands is the result of a dynamic equilibrium between area-dependent extinction and 

isolation dependent immigration of species. Diamond (1975) laid the foundation for 

so-called assembly rules that govern community composition.  He argued that there 

were constraints on species composition, particularly on guilds, and proposed a 

simple set of rules governing the assembly of communities (Diamond 1975). 

Decades after IBT, Patterson and Atmar (1986) examined patterns of species 

composition and noted that communities from fragmented habitat often formed 

nested subsets where smaller communities represented subsets of more species rich 

larger communities. These theories have been widely examined in many fragmented 

and isolated habitats and have lead to geometric design rules for reserve selection 

(e.g., single-large-or several-small habitat patches – the SLOSS debate; Atmar and 

Patterson, 1993; Fischer and Lindenmayer, 2005). Small size and isolation of forest 

fragments may result in edge effects and other area-dependent effects coinciding to 

affect avian diversity (Krűger and Lawes 1997). Habitat fragmentation and isolation 

also cause changes to foraging behaviour and species composition and the reduction 

in habitat area may even cause extirpation or extinction of area sensitive species 

(Stouffer et al., 2006).  

In Australia various environmental, seasonal changes and habitat associations 

across the landscape have resulted in discrete bird species assemblages. Bird species 

composition in tropical savannas differs in foraging guild structure mainly because 

many bird species in the Top End undergo substantial regional movement (Woinarski 

and Tidemann, 1991). Within a region there are notable differences in species 

composition with discrete bird species composition in closed forest, mangrove forest 

and swampland in northern Australia (Woinarski et al., 1988). In arid environments 

in Australia where resources are typically constrained bird community composition 

is often determined by breeding requirements and vegetation assemblages rather than 
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resource availability and disturbance (Pavey and Nano, 2009). Furthermore, bird 

species composition in the riparian zone of the tropics is different to adjacent habitats 

and to riparian zones in areas of lower rainfall, and many seasonally transient species 

extends their distribution to riparian habitat, causing a loosely structured assemblage 

with an idiosyncratic distribution (Woinarski et al., 2000).  Surveys in monsoon 

rainforest and surrounding habitat in the dry season in north-eastern Australia yielded 

115 bird species with only 67 species recorded from riparian zones, and  no 

significant relationships or patterns between habitat and bird diversity (Johnson and 

Mighell, 1999). Seasonal changes in foliage cover, vegetation structure and climatic 

conditions may also cause major changes in the pattern of bird distribution between 

different vegetation types (Woinarski et al., 1988).  

Where bird species composition in north-eastern Australia was compared 

between intact savanna with a high density of woody vegetation and highly modified 

areas that were mechanically thinned, a significant relationship between bird 

assemblage and vegetation structure was found with pristine vegetation harbouring 

higher species richness than anthropogenically disturbed vegetation (Tassicker et al., 

2006). In contrast, damage caused by cyclones to natural vegetation had little 

influence on bird species richness and density when compared to recovering and 

undamaged areas of similar habitat, including mangrove forest (Metcalfe, 2007; 

Woinarski et al., 1988). However, sampling intensity and techniques may have 

contributed to the latter conclusion, as several species in mangroves (see Appendix 

A-2; mangrove bird species encountered in this study), such as the cicadabird and the 

sacred kingfisher are known to be seasonal occupants, while the large-billed 

gerygone, mangrove robin and mangrove gerygone show no seasonal habitat 

preferences (Noske, 1996).  

 

1.6 Avifauna of mangroves 

Bird fauna in mangroves have been well studied in Australia (e.g. Ford, 1982; 1983; 

Johnstone, 1990; Kutt, 2007; Metcalfe, 2007; Noske, 1996; Woinarski  et al., 1988), 

Asia (van Balen, 1989; Gopi and Pandav, 2007; Nisbet, 1968; Noske, 1995; Sodhi et 

al., 1997; Wells, 1985; Zou et al., 2008), South America (Lefebvre et al., 1994; 

Lefebvre and Poulin, 1997; Mestre et al., 2007) and Africa (Cawkell, 1964). 

However, these literatures on mangrove birds mainly related to diversity, 

distribution, evolution, diet, taxonomy and to a lesser extent community ecology.  
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In South American mangrove forests, which are comparable in size to Australia, 

there is relatively high species richness. Brazil has the second largest mangrove area 

after Indonesia and has 59 resident mangrove dependant species including waterbird 

species (Mestre et al., 2007) from a variety of foraging guilds including generalists, 

aquatic and forest species. However, they recorded only one mangrove specialist, the 

bicoloured conebill, (Conirostrum bicolor), from a mangrove forest in Paranà, 

Brazil. On peninsular Malaysia, where the richness of mangroves is comparable to 

Northern Australia, 47 terrestrial bird species excluding aerial hunters and waterbirds 

were recorded, with six bird species restricted to mangroves (Noske, 1995; 

Nagelkerken et al., 2008). In southern India in the less floristically diverse 

mangroves of Pondicherry, only 14 bird species including water birds were recorded 

(Saravanan et al., 2008). The African continent has the second most extensive 

mangrove area (~20% of world mangrove area) after Asia. However, there are hardly 

any African mangrove forest specialists. For example, the mouse-brown sunbird 

Anthreptes gabonicus is thought to be a mangrove specialist yet it can be found in 

riverine woods hundreds of kilometres inland (Nagelkerken et al., 2008) (Table 1.1).  

Australia, while the smallest continent, retains a diverse mangrove avifauna 

with many specialists (Ford, 1982). North-western Australia has apparently acted as 

the main centre of origin of obligate mangrove birds in the Austral-Papuan region 

and supports more mangrove-endemic bird species than any other region in the world 

(Noske, 1996). Except for Malaysia and Australia, the other mangrove forests 

worldwide have only one or two mangrove dependent species (Noske, 1995, 1996). 

More than 20 species are considered reliant on mangroves while others frequently 

visit this habitat to feed, nest or to seek shelter in Australia (Ford, 1982; Johnstone, 

1990; Kutt, 2006; Noske, 1996). The availability of insects through the dry season 

may have also contributed to the breeding success of resident mangrove and 

woodland insectivorous species (Noske and Franklin, 1999). Ford (1980) suggested 

that many rainforest species became dependent on adjacent mangrove forest due to 

the shrinkage of monsoonal rainforest during past arid periods. Wells (1999) also 

found that >30% of the mangrove birds from Peninsular Malaysia also occurred in 

inland forest habitat and were common in open habitat and gardens. 
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Table 1.1 Summary of the world distribution of mangroves birds in relation to survey 

methods used and diversity of the vegetation.  

Mangrove 
Location 

Total 
birds 

Mangrove 
specialist 

Mangrove 
plant 

Method/s Reference 
 

Northeast of 
Darwin 

28* 8 5 quadrate Woinarski et 
al., 1988 

Darwin Harbour-
upper reaches 

54* 11 10 transect Noske, 1996 

Darwin Harbour 56* 9 8-10 point counts / 
audio call 

Metcalfe, 
2007 

Cains, Queensland 47* 6 7 point count Kutt, 2007 
Western Australia 22^ 

 
16 16 collecting 

specimens 
Johnstone, 
1990 

Peninsular 
Malaysia 

57^ N/A 10 quadrate Norhayati et 
al., 2009 

Peninsular 
Malaysia 

47* 7 12 transect Noske, 1995 

Singapore 42* N/A 12 point count / 
mist net 

Sodhi et al., 
1995 

Pondicherry, South 
India 

14** N/A 7*** N/A Saravanan et 
al., 2008 

Baja California 
Sur, Mexico 

24^ N/A 7 fixed point 
transect 

Holguin et al., 
2005 

Paranagua Bay, 
Brazil 

59^ 1 N/A transect/ 
point counts 

Mestre et al., 
2007 

*excluding migratory waders, parrots, water birds and aerial insectivores; ** 
including sandpipers; *** including Acanthus spp. ^ Resident birds including 
generalist, aquatic and forest species ^^ including aerial insectivores.  

 

The diversity of mangrove forest may not necessarily be an important 

determinant of the richness of mangrove bird communities. The floristically rich 

mangroves of north-eastern Australia have fewer mangrove specialist bird species 

than the less diverse north-western mangroves (Nagelkerken et al., 2008; Noske, 

1996) (Table 1.2). In contrast to this, the density and species richness of mangrove 

bird specialists of Western Australia decline with both declining mangrove plant 

species richness and structural complexity, and bird species richness decreases 

southward from the Kimberly (Johnstone, 1990). The habitat in the matrix 

surrounding a mangrove forest could have a strong influence on the bird assemblage 

that it supports (cf. Wethered and Lawes, 2003; 2005).  

The species richness and assembly of a local community within a defined 

habitat is generally determined by both species colonization with establishment of 

breeding populations and species loss through local extinction (Krebs, 2009). The 

composition of a local community is mostly determined by the characteristics of the 
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source pool of species, which is sometimes influenced by random selections from 

regional pools (Wiens, 1989; Blackburn and Gaston, 2001). For example, the 

composition of many fragmented monsoon rainforests is a composite of species 

derived from the bird fauna of various habitats, such as mangrove forest, Melaleuca 

woodlands and Eucalyptus dominated savanna woodlands (Woinarski, 1993). 

Similarly, Woinarski et al. (1988) examined the relationship between bird 

distribution and vegetation classification at Howard’s Peninsula, Northern Territory, 

and recorded 29 species in the mangroves (excluding aerial species) with only 4 

species strictly restricted to mangrove, and except for mangrove gerygone the other 3 

species was recorded from fewer than 5 censuses (mangrove fantail, mangrove 

golden whistler and great-billed heron).  Only 8 out of 11 bird species considered 

mangrove specialists by Noske (1996) were recorded in Woinarski et al. (1988)’s 

survey, with four of these suggested mangrove specialists (yellow white-eye, black 

butcherbird, red-headed honeyeater and broad-billed honeyeater) also observed in 

neighbouring habitats. Nevertheless, the effects of matrices have not been tested on 

mangrove bird assemblages, particularly in the Northern Territory where the 

mangroves are surrounded by a variety of matrix habitats.  

 

1.7 Threats to mangrove ecosystems 

Despite important ecological functions, in common with tropical rainforest, 

mangroves are being destroyed globally on a large scale through overexploitation 

(Santos and Soto, 1992). Loses are reported in every country containing mangroves 

and rates continue to increase rapidly especially in developing countries where more 

than 90% of the world’s mangroves are located (Duke et al., 2007). However, 

mangroves in Australia are relatively pristine with very low intensities of land use. 

Approximately 7000 ha of mangroves have been removed in Australia over the past 

25 years (1980-2005), and the use of mangroves has been very limited (FAO, 2007) 

with mangrove clearing or infilling occurring only for industrial uses or urban 

development (Department of the Environment and Water Resources, 2007).  
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Table 1.2 Distribution of mangrove dependent species (MDS) in Top End and habitat 

of closest relatives adapated from Ford (1982), Schodde et al. (1982), Johnstone 

(1990), Noske (1996) and Kutt (2007).  

Species Mangrove dependence over range Closest 

relative habitat NT WA QLD 

Great-billed heron A/B A A - 

Striated heron A/B A A - 

Chestnut rail A A - R 

Collared kingfisher A A A - 

Mangrove robin A- A A S,R 

Kimberly flycatcher A A - W,S 

White-breasted whistler A A - W,S 

Mangrove golden whistler A/B B A R,S 

Little shrike-trush B B A/B R 

Broad-billed flycatcher A/B B - S,W 

Shining flycatcher B A/B A/B R 

Mangrove fantail A B - W,S,R 

Rufous fantail B A/B B ? 

Dusky gerygone - A - R 

Large-billed gerygone B A B R 

Mangrove gerygone A B A W 

Yellow white-eye A A - - 

Red-headed honeyeater A A - R 

Mangrove honeyeater - - A W 

Varied honeyeater - - B W 

Helmeted Friarbird B - B - 

Black butcherbird A A B R 

*NT, Northern Territory; WA, Western Australia; QLD, Queensland.  Mangrove 
dependence: A, confined to mangroves; B, found in a variety of closed habitats including 
mangrove; A/B, mangrove is the principal habitat. Habitat of the closest relative: R, 
rainforest; S, sclerophyll forest; W, woodland. 
 

Mangroves are not easily invaded by plants in particular, because of the 

hydrological and edaphic conditions in the intertidal environment (Lugo, 1999). This 

makes them resilient communities almost free from invasive weeds and feral 

vertebrates. However they may become more susceptible to diseases and pests if 

stressed by changes in salinity, tidal inundation, sedimentation, pollutants such as 
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oils, sewage, herbicides, acids and metal, and damage from storms and cyclones 

(Alongi, 2002). In general, disturbances can be categorized into two broad 

categories: anthropogenically induced and natural catastrophic events.  

Ellison and Farnswoth (1996) have classified anthropogenic disturbances of 

mangroves into four broad categories: 1) extraction of mangrove plants and animals, 

2) pollution, 3) habitat destruction due to land reclamation, and 4) climate change. 

Except for the first category all other categories are considered threats to the 

persistence of mangroves in the Northern Territory. Although this region has a low 

human population density it is not exempt from disturbance. In Australia, mangrove 

forests have been used for resources by Aboriginals for centuries and are still 

important to coastal indigenous communities (Wightman, 2006). Such anthropogenic 

disturbances involve shellfish and mud clam collection in almost all mangrove 

forests in the Darwin region.  

The fragmentation of mangroves has also resulted in the extinction of some 

large mammals with large home ranges (Kathirasan and Bingham, 2001). These 

animals are also among the first to flee or to be harmed by anthropogenic alteration 

of mangroves (Alongi, 2002). Declines in mangrove area may further imperil 

mangrove dependent wildlife and may also have an insularisation effect on mangrove 

bird communities. It is important to understand the causes of mangrove degradation 

to ensure sustainable development alongside wildlife conservation. This knowledge 

goes hand-in-hand with understanding why mangrove communities in the Top End 

are so diverse and how these communities, in this case the bird community, are 

assembled (Morin, 1999).  

Mangroves protect inland terrestrial ecosystems and coastal settlements from 

cyclone damage, storm surge, saltwater/tidal incursion, coastal erosion and salt spray 

and the threat posed by global warming and associated sea-level rise (Ellison and 

Farnsworth, 1997). Thus, mangrove communities will potentially be the first to be 

affected by global warming and rising sea level. Sediment-rich macrotidal 

mangroves in Northern Australia may be able to survive sea-level rise better than 

those in micro-tidal sediment starved areas on oceanic islands, where landward 

migration to escape the effects of sea-level rise is not possible and sediments are 

often limited (Elizabeth and Rodney, 2006). In the past, mangrove range shifts have 

tracked environmental changes but in the future will be constrained by development 

such as urbanization, roads, topography and impoundments (weirs and  barrages) 
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(Ellison and Farnsworth, 1996; 1997). Therefore, if mangroves cannot migrate inland 

rapidly enough to account for the predicted rise in sea level they will gradually 

decline in extent and may perish over the long-term (UNEP, 1994). 

The effects of natural disturbance are not as serious as anthropogenically 

induced destruction. Natural disturbance in the form of windthrow or tree-fall gaps 

are common in dense mangrove stands. Gap specialists are absent among mangrove 

tree species and canopy gaps are quickly colonised by mangrove tree species so that 

the intensity and spatial pattern of tree mortality determines the distribution and 

dynamics of mangrove vegetation within a respective zone (Clarke and Kerrigan, 

2000) and in turn the mangrove fauna. Unlike Eucalyptus dominated savannas, 

mangroves are not fire prone because tidal action excludes fires and their succulent 

leaves are relatively fire resistant. However storm surges and winds associated with 

tropical cyclones do threaten mangrove ecosystems and were responsible for the loss 

of large areas of mangrove after a cyclone (Metcalfe, 2007). Thus, mangroves may 

provide temporary refugia for visiting terrestrial birds from neighbouring habitats 

during and after catastrophic events by providing reliable feeding sites and cover. 

The effects of disturbance and temporal shifts in local species composition in 

mangroves have not been explored. 

 

1.8 Aims and Objectives 

This study is the first to examine the spatial and temporal variation in mangrove bird 

community composition and structure by simultaneously quantifying bird phenology 

and density, the phenology of food resources and the influence of environmental 

factors. The aim of this research was to identify the ecological determinants of bird 

species composition, abundance and diversity in mangroves. Variation in 

composition was examined in relation to changes in and habitat heterogeneity to 

mangroves and the nature of the surrounding matrix habitat. A further aim was to 

investigate the potential assembly rules for mangrove birds and the processes 

ensuring community stability in mangrove forest.  Observed patterns of community 

composition were used to predict the composition of the birds in relatively pristine 

mangrove ecosystems.  
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The objectives were as follows. 
 

1. Compare the assemblage structure of mangrove bird communities in the 

Darwin region and understand what determines the species composition 

pattern in various types of mangrove patch. 

a. Is there a species-area relationship in mangrove bird assemblages and 

mangrove dependent species? 

b. How important is the surrounding habitat for mangrove bird assemblage 

structure; to what extent do species from the matrix subsidise the species 

composition of mangroves? 

c. What is the minimum area of mangrove required to sustain maximum 

number of species?  

d. What is the minimum area and bird species needed to maintain a fully 

functional mangrove ecosystem? 

e. Are mangrove bird assemblages saturated with species so that density 

compensation (changes in species density with increasing species 

richness) occurs?  

f. Does the density of mangrove bird assemblages and mangrove dependent 

specialists decline as area increases? 

g. What are the seasonal effects on mangrove bird assemblage structure? 
 

2. What are the mechanisms underlying the observed patterns of bird 

community assembly and to understand the community assemblage pattern; 

is there a discrete mangrove bird community 

a. How do different types of species assemblage (i.e. overall species, 

insectivores, foliage gleaners, etc.) and the type of surrounding matrix 

(woodland matrix) influences nestedness pattern? 

b. What is the role of competition in structuring bird species composition in 

the mangroves? 

c. Does body mass predict species occurrence in a mangrove patch? 

d. Does mangrove patch size influence species’ occurrence in a patch? 

 
3. How does the diversity of the bird community relate to the structural diversity 

and complexity of the habitat? 

a. Is bird species richness affected by mangrove habitat heterogeneity? 
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b. Does bird species richness differ among the mangrove zones? 

c. Are there indicator bird species of each mangrove zone? 

d. What are the most important habitat correlates of bird species richness 
and density in mangroves?  

 
4.         Explore the assess the mechanisms of species coexistence in mangrove bird 

communities by examining the nature of resource partitioning among 

mangrove birds in the Darwin region and determining the foraging niches of 

the most abundant species.  

a. How are resources being utilised by each mangrove bird species and does 

this have any influence in structuring the mangrove bird community? 

b. What is the level of niche segregation and habitat partitioning shown by 

mangrove birds?  

c. Do flowering phenology and insect seasonality influence the density and 

species composition of the bird community? 
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CHAPTER 2 

General Methodology 
 

 

2.1 Study Region 

Darwin is located on the northern coast of Australia on Cretaceous and Proterozoic 

sediments (Williams, 1991). The skeletal soils derive from ancient seabed. All study 

sites were located in the Darwin region within the monsoonal climatic zone.  The 

Northern Territory (1 364 000 km2) is dominated by floristically and structurally 

heterogenous woodland or savanna dominated by Eucalyptus species. Monsoon 

rainforest, riparian Melaleuca forests and mangrove forests, comprise less than 0.4% 

of the landscape in coastal areas of the Territory (Franklin and Noske, 2000). The 

tropical savanna of Northern Australia covers approximately 111 million hectares 

and is the largest ecologically tropical savanna system in the world and is the habitat 

most likely to be adjacent to mangrove systems in estuarine and coastal 

environments. 

Most coastal landforms are of recent geological origin, associated with the 

last post glacial rise in sea level during the Holocene period (Russell-Smith, 1991). 

North-eastern Australia and New Guinea were separated when the land bridge 

between them submerged some 9000 years BP and the current sea level was attained 

6000 years BP (Williams, 1991). Rainforests were most extensive in northern 

Australia when sea levels were high and when these two regions were partially 

connected (Ford, 1982). Mangroves in northern Australia are estimated to have 

expanded during this period and remained widespread during the Pleistocene glacial 

periods after 9000 BP, while rainforests have contracted to small patches (Crowley, 

1996). 

Of the 22,600 km of coastline in the Northern Territory, approximately 67% 

(15,150 km) comprise estuaries, and tidal and salt flats (Wightman, 2006). Lee 

(2003) estimated that mangroves in the Northern Territory cover approximately 

4,120 km2. Extensive stands of mangroves are located along the northern coasts of 

Arnhem Land, in Darwin Harbour and on Bathurst and Melville Islands, which lie 

just to the north of Darwin. 
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Recently mangroves in Darwin harbour and surrounds have come under 

threat from development. This includes gas plants, boat ramps, marinas and other 

industrial facilities around Middle and East Arm in Darwin harbour and at East 

Point. Large scale development of East Arm Port in Darwin harbour is proposed. 

These activities will reduce and isolate mangrove communities in Darwin harbour. 

Fishing and other recreational uses of these mangroves will be affected. 

Fragmentation of mangrove forests places their long term survival at risk and 

essential ecosystem services may be lost (Duke et al., 2007). 

 

2.2 Climate 

The wet-dry tropical north of the Northern Territory, also known as the ‘Top End’ is 

characterised by an annually re-occurring season. The climate in the Darwin region is 

highly predictable compared to elsewhere in Australia. The dry season runs from 

May through October, while the wet season begins in late October and increases in 

intensity in December and January and ends in April. Cyclones threaten the Top End 

during the wet season with an average of 1.3 cyclones per year making landfall 

(McBride and Keenan, 1982). Cyclones have caused extensive damage to mangrove 

stands in the past (Bardsley, 1984; Metcalfe 2007).  

 
Figure 2.1 Seasonal variation in mean monthly rainfall (data from 1941-2008, 

Darwin Weather Bureau) 
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The highly seasonal distribution of rainfall is reliable in incidence and quantity 

(Williams, 1991) with an annual mean of 1717.9 mm over 68 years (Figure 2.1). 

Mean annual minimum and maximum temperature is 23.2 and 32 ºC respectively, 

and the mean number of cloudy days is 133.1 (64% clear sky days in a year) (Figure 

2.2). 

 
Figure 2.2. Seasonal variation in mean minimum and maximum daily temperature 

and cloud cover distribution in the vicinity of Darwin (data from 1941-2008, Darwin 

Weather Bureau) 
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The mangrove system experiences tides twice a day with a 8m tidal maximum and a 

low of 0.1m in the spring tidal range (Australian Weather Bureau, 2008; Williams et 

al., 2006). In Darwin harbour the macro-tides have a 90 minute lag from the mouth 

to the upper reaches where the outgoing tide lasts about one hour longer than the 

flood tide (Williams et al., 2006). Tidal creeks are mainly 1 and 2 river order systems 

in Darwin harbour and have a strong tidal flow throughout the year, with floodwater 

flow for a relatively short period of time during the wet season (Carter et al., 1997). 

During neap tides only the Rhizophora zones are generally visited by the tide water, 

leaving the landward mangroves dry. Calm wave conditions are generated within 

Darwin harbour and offshore of Beagle Gulf (Metcalfe, 2007).  
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2.4 Vegetation  

The mangrove forests in the Northern territory are extensive and situated adjacent to 

a variety of habitats: urban development, roads, sand dunes, salt marshes, monsoon 

vine-forest patches, but mostly open eucalypt savanna. The largest number of 

mangrove species occurs on the northern and north eastern coasts of Australia 

(Saenger, 2002). The Territory has the second highest number of species (32) after 

Queensland (39) and Darwin harbor is the largest and most floristically diverse 

mangrove system in the Northern Territory (Wightman, 2006). Mangrove species are 

typically arranged in zones parallel to the shore with few tree species within a zone 

and sometimes with a sparse understorey producing a simple vertical stratification. 

Mangrove zonation is highly influenced by coastal hydrology. The mangrove species 

composition and size of each zone is influenced by factors such as position in the 

tidal zone, location in a creek (upstream or downstream), the accessibility of the 

species pool, frequency of tidal inundation (related to height above mean sea level 

and the elevation of the tidal zone), volume and regularity of freshwater runoff, the 

degree of tidal range, mud substrate and the degree of protection from wave action 

(Hutchings and Saenger, 1987; Claridge and Burnett, 1993).  

Progressing inland from the seaward edge the mangrove zones are typically the 

Sonneratia alba zone, generally absent from inland patches or open coastal areas; the 

Rhizophora stylosa zone that occurs along all coastal tidal channels and substitutes for S. 

alba in inland patches; a relatively narrow zone dominated by Bruguieria extaristata and 

Ceriops sp ; a wide zone dominated by Ceriops sp including sandy saltflats and lastly, a 

narrow zone dominated by Lumnitzera racemosa , marking the landward edge of the 

mangroves. Each of the zones is dominated by one or two mangrove species. Avicennia 

marina and Excoecaria agallocha or E. ovalis have wide upriver distribution, whereas 

Ceriops tagal and L. racemosa have limited, downriver distributions (Hutchings and 

Saenger, 1987). For the purpose of this study fringe mangrove plants consist of E. ovalis, 

Xylocarpus moluccensis, Acrostichum speciosum and Acanthus ilicifolius. There are no 

lianas or other epiphytes in the mangroves. Mistletoes are not a major part of the mangrove 

flora (Noske, pers. com), and although there are several species of mistletoe in the 

mangroves their distribution is patchy at best and they are not sufficiently abundant to be a 

reliable resource to birds i.e, they do not significantly affect bird species richness (Noske, 

pers.com). Irregular shorelines disrupt this zonation and may introduce site specific 

abnormalities associated with mixed zones and open areas. Nevertheless, the general 
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patterns described are usually recognizable with sufficient frequency that zonation creates 

important habitat structure and complexity at the study sites. 

Hutchings and Saenger (1987) categorized mangroves into three types; 

namely 1) edge mangroves: these mangrove forests receive the full impact of the 

tides. Stilt roots, knee roots, buttresses and pneumatophores are common among 

trees in fringe mangroves; 2) riverine mangroves are flooded by river water (creeks) 

as well as by tides, so that salinity is moderated. Trees in this zone are most likely to 

be the most productive in a forest; and 3) basin mangroves generally cover large 

areas behind fringe and riverine mangroves, and only occasionally do tides inundate 

an entire basin forest. Based on this classification, the coastal mangrove study sites 

were either edge or riverine mangroves. Sites directly facing the sea with a seaward 

S. alba zone are referred to in this study as coastal sites, and sites influenced by tidal 

creeks as inland mangroves.  

Flowers develop on young plants between three to four years old and the 

actual factors influencing this process is largely unknown (Hutchings and Saenger, 

1987). Pollination in most mangroves occurs through mechanical, wind, insect, birds 

and mammals (Hutching and Saenger, 1987; Noske, 2003).   Large-flowered B. 

extaristata are visited by honeyeaters (Meliphagidae), almost exclusively by the red-

headed honeyeater and brown honeyeater, with occasional visit by the mainly 

insectivorous yellow white-eye (Noske, 2003) while the small-flowed B. parviflora 

is pollinated by butterflies (Hutching and Saenger, 1987). S. alba which occurs along 

the shoreline are pollinated by nectar-feeding bats and moths during the night and by 

nectar feeding birds such as the rainbow lorikeet during the day (Franklin and Noske, 

2000; Hutchings and Saenger, 1987). A. marina, Ceriops spp. and L. racemosa are 

pollinated by insects whereas R. stylosa is mainly pollinated through wind 

(Hutchings and Saenger, 1987). 

 

2.5 Other vertebrate communities in Darwin mangroves 

Besides birds, mangroves support and provide refuges to a variety of other 

vertebrates. A rapid assessment of bats in mangroves using harp traps over 14 days at 

three sites around Darwin yielded five microchiropteran species, namely large 

bentwing bat, Miniopterus schreibersii, Arnhem long-eared bat, Nyctophilus 

arnhemensis, orange leaf-nosed bat, Rhinonycteris aurantius, Scotorepens sp. and the 

northern free-tail bat,  Chaerephon jobensis. The other two bat species recorded 
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during this study, Pteropus alecto and Macroglossus minimus were phytophagous 

megachiropterans that feed on fruits and nectar. Other uncommon sightings included 

dingos, feral cats, brush-tailed possums, feral pigs and salt-water crocodiles, at 

several of the more disturbed sites. Three species of snakes were frequently 

encountered during this study: white-bellied mangrove snake, Fordonia leucobalia, 

water python, Liasis mackloti and dog-faced water snake, Cerberus rynchops. The 

most common mudskippers encountered were of the genus Periopthalmus and these 

are restricted to mangroves and adjacent mudflats.  

 

2.6 Study Sites  

The research reported in this thesis was undertaken in the Darwin region, Northern 

Territory (between 12 º 20’ 09.61” S; 130º 54’ 26.81” E and 12º28’18.33”S; 

130º56’28.76”E) (Table 2.1).  

 

 Table 2.1. The study site classification and with proposed level of disturbance and 

current management status. 

Area/ System Mangrove 
 location 

Mangrove 
 type 

Type of 
disturbance 

Level of 
disturbance 

Jurisdiction 
(Management) 

Buffalo  
creek 

Beagle  
gulf 

Inland Tracks  low Defence land 
(Crown land 
lease) 

Bay View Harbour Inland Illegal filling 
and dumping 

Moderate  Crown land 

Casuarina 
Coastal 
Reserve 

Beagle  
gulf 

Inland Tracks  low Commonwealth 

Charles 
Darwin 
National 
Park  

Harbour Inland Old track nil Commonwealth 

East Arm H  Harbour Coastal Landfill  
and tracks  

Moderate Crown land 

East Arm T  Harbour Inland Old track nil Crown land 
East Arm B Harbour Inland Tracks  Moderate Crown land 
East Point  Beagle  

gulf 
Coastal Tracks  low Darwin City  

Council 
Leanyer  Inland Inland Motor tracks Moderate Crown land 
Ludmilla  Inland Inland Tracks  low Crown land 
Mindil  Beagle  

gulf 
Inland Tracks Moderate Darwin City  

Council 
Nightcliff  Beagle  

gulf 
Coastal Tracks low Crown land 

Rapid  
Creek 

Beagle  
gulf 

Inland Tracks low Commonwealth  
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Thirteen mangrove study sites were selected (Figure 2.3) based on mangrove type, 

level of disturbance, surrounding matrix, fragmentation, and physical (throughout the 

wet and dry season) and legal access (Table 2.1). With the exception of Leanyer, all 

the other sites were well-established mangroves, and it is highly unlikely that the bird 

assemblages were in a state of flux. 

Visits to several sites were made in mid-2006: Leanyer, Howard Springs, 

Shoal Bay, King’s Creek and Micket’s Creek. Only Leanyer met all of the above 

mentioned the selection criteria. West Arm was not considered, as it is largely 

inaccessible by land. Almost all the study sites are old and are little changed or 

disturbed (Noske, pers com.; Metcalfe, 2007). Northern Australia lacks the extreme 

pressure of environmental degradation and habitat loss facing coastal wetlands 

elsewhere (Metcalfe, 2007). Over 70% of the Northern Territory coastline remains 

Aboriginal Land (Duke, 2006) and population levels are sufficiently low that 

pollution from urban centres is not yet an important issue (Metcalfe, 2007). 

Additionally Metcalfe (2007) found that disturbance did not affect bird species 

richness significantly in the mangroves (Metcalfe 2007).The study sites included ten 

inland and three coastal mangrove vegetation types. Buffalo creek, Casuarina Coastal 

Reserve, Rapid Creek, Nightcliff, Ludmilla Creek and Mindil are separated from one 

another by urbanization and woodland; Ludmilla creek is joined to the East Point 

mangroves and Leanyer swamp joined Buffalo creek. The main features of the study 

sites, such as the distribution of the vegetation and adjacent matrix are described in 

Table 2.2.  

 

2.6.1 Leanyer (Beagle Gulf) 

Leanyer is an inland mangrove forest created by drainage canals and is a 

combination of riverine and basin mangrove systems. It consists of large saltpans 

with Salicornia species, fringing grassland and scrubland. This is the most upstream 

location studied and is surrounded by urban development, storm water drains, a 

sewage treatment works and a sanitary landfill dump. Major drainage engineering 

works and a mosquito larva control program at Leanyer swamp began in 1986 

(Whelan, 1982).   
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2.6.2 Ludmilla (Beagle Gulf) 

Ludmilla creek is an extensive salt and freshwater system on a low lying coastal 

plain and comprises one of the largest areas of mangroves and saltpan in the central 

suburbs of Darwin. This system supports a rich variety of flora and fauna, including 

many migratory species. However, illegal land filling has destroyed much of the 

original habitat (Clark 1998).    

 
Figure 2.3. Map showing the distribution of the mangrove study sites in the greater 

Darwin area. Grey shaded areas are residential and industrial zones. *BC, Buffalo 

creek; BV, Bay view; CCR, Casuarina Coastal Reserve: CDNP, Charles Darwin National 

Park; EAB, East Arm Barrage; EAH, East Arm Hamaura; EAT, East Arm Train; EP, East 

Point; LLA, Ludmilla; LNR, Leanyer; MDL, Mindil; NGLF, Nightcliff; RC, Rapid Creek. 
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Table 2.2. Zonation of mangroves within study sites following classification by Semeniuk (1983) 
 
Area/  
System 

Buffalo  
creek  

Bay View  Casuarina  
Coastal 
 Reserve  

Charles  
Darwin  
N. P. 

East Arm 
 - H 

East Arm 
 –T  

East Arm 
-B 

East  
Point  

Leanyer  Ludmilla  Mindil Nightcliff  Rapid 
Creek 

Seaward/  
Creek  
Zone 

A.marina  
R. stylosa 

A.marina  
C. schultzi 
A.corniculatum 

R. stylosa  R. stylosa  
B. 
exaristata 

S. alba R. stylosa,  
C. schultzi 

A.marina 
 C. schultz 
R. stylosa,  
C. schultzi 

S. alba  
A.marina 

A.marina A.marina A.marina 
R. stylosa 

S. alba A. 
marina, 
C. 
schultzi 

Central 
Zone 

R. stylosa   
B.exaristata 

R. stlosa  
A. marina  
C.schultzi 

A.marina  
B. 
exaristata  

Ceriops R. stylosa  R. stylosa  
B. 
exaristata   
Ceriops 

R. stylosa  
B. 
exaristata  
Ceriops 

R. stylosa A.marina A.marina  
B. 
exaristata 

A.marina 
B. 
exaristata 

R. stylosa  
A.marina 

R. 
stylosa, 
B. 
exaristata 
mix 
A.marina 

Landward  
Zone 

A. marina  
Ceriops  
rainforest 

A. marina,  
A. annulata  
B. exaristata  
Ceriops  

Ceriops  
A.marina  
Rainforest 

Ceriops  
A.marina 

A.marina  
A. 
annulata   
Ceriops  

Ceriops  
A.marina   
A. 
annulata 

Ceriops 
A.marina 

A.marina,  
B. 
exaristata 
 
rainforest 

A.marina 
 
Sporobolus 

Ceriops  
A.marina 

A.marina A.marina 
A. Annulata, 
A. 
corniculatum 

A.marina, 
A. 
annulata 
Ceriops 

Salt Flat broad nil narrow broad broad broad narrow narrow broad narrow nil nil narrow 
Fringe E. ovalis  

L. 
racemosa 

A. marina,  
Ceriops  
L. racemosa 

L. 
racemosa, 
Xylocarpus 

L. 
racemosa,  
E. ovalis 

L. 
racemosa 
 E. ovalis 

Ceriops  
L. 
racemosa  
E. ovalis 

Ceriops 
L. 
racemosa  
E. ovalis 

L. 
racemosa   
A.marina 

A.marina  L. 
racemosa 

L. 
racemosa 

A.marina A. 
annulata 
L. 
racemosa 

Adjacent  
Matrix 

rainforest, 
woodland,  
paperbark 

woodland 
(urban) 

rainforest, 
woodland 

woodland woodland, 
(Industrial) 

woodland 
(Industrial) 

woodland,  
(Industrial) 

rainforest 
woodland 

grassland 
(Sporobolis 
virginicus) 

woodland  
(urban) 

woodland 
(urban) 

woodland 
(urban) 

rainforest 
woodland 
(urban) 
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2.6.3 Rapid Creek (Beagle Gulf) 

The mangroves are surrounded by housing development, roads and tracks, and the 

coastal foreshore. A very narrow open forest belt dominated by Acacia 

auriculiformis and Melaluca leucadendra forms a buffer between mangroves and the 

grounds of Charles Darwin University. 

 
2.6.4 East Point (Beagle Gulf) 

The Reserve is 135 ha of remnant monsoon rainforest, replanted and regenerating 

woodland and forest, and cleared areas. The mangrove area is partially separated 

from rainforest by bitumen roads and a boat ramp to the north and east, respectively. 

Several small freshwater influenced tidal creeks run parallel to the coastal margin 

and are located in the landward zone fringing on rainforests and woodland.  

 
2.6.5 Casuarina Coastal Reserve (Beagle Gulf) 

The narrow mangrove patch in this reserve runs along Sandy Creek parallel to the 

shore.  The 300m of woodland and grassland on the west side separates the study site 

from urban areas. Monsoon rainforest form two thin strips embedded in the 

mangrove forest. 

 
2.6.6 Charles Darwin National Park (Darwin Harbor)  

Charles Darwin National Park protects 2.67% of approximately 26,200 ha of 

mangroves in Darwin harbour. This site is characterised by a very broad, gently 

shelving intertidal zone with a minimum level of development in the terrestrial 

woodland and hinterland where it is limited to a few service roads, some dirt tracks, 

fire breaks and some tourist facilities situated among elevated areas in the woodland.  

 
2.6.7 East Arm – Berrimah (Darwin Harbor – Blessers Creek) 

This large mangrove forest (approximately 33% of East arm mangroves) is 

surrounded by woodland, powerlines, road, railway and railway station. The 

woodlands are adjacent to a thin strip of grassland, which adjoins an extensive 

saltpan and mangroves. 

 
2.6.8 East Arm – Tivendale Road (Darwin Harbor- Inland Hudson Creek) 

This mangrove forest has a thin border of woodland beyond which is a light 

industrial area. This site is separated by approximately 2.5 km of savanna woodland 
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from East Arm –Berrimah, roads, industrial area, power lines and railway tracks. It is 

also approximately 3 km from coastal mangroves at East Arm –Hamaura.  

 

2.6.9 East Arm- Hamaura Road (Darwin Harbor- Mouth Hudson Creek) 

Approximately 10% of this area is currently being filled for industrial development 

and some woodland fringing the mangroves has been cleared for the construction of 

a boat ramp, resulting in increased sedimentation. 

 

2.6.10 Buffalo Creek (Beagle Gulf) 

Buffalo Creek is 3 km from the northern suburbs of Darwin and is separated by 

woodland from the residential areas. This narrow tidal channel is one of two tidal 

creeks that drain Leanyer swamp. This area has clear mangrove zonation up river 

where it is protected from waves and wind. 

 

2.6.11 Mindil (Fannie Bay) 

This small isolated patch of coastal mangroves is surrounded by urban forestry, 

roads, tracks and grassland. A small creek flows into this mangrove patch which 

allows regular tidal inundation.  

 

2.6.12 Bay View (Darwin Harbor) 

The Bay View mangroves are a fragment of a larger patch of mangroves that was 

destroyed (103 ha) in the construction of a marina and by housing development 

(Metcalfe, 2007). The site is separated by ~1.0 km from Charles Darwin National 

Park by Sadgroves Creek.  

 

2.6.13 Nightcliff (Beagle Gulf) 

The mangrove forest in this area faces the open ocean, grows in a narrow rocky 

outcrop extension from the Nightcliff suburb and is surrounded by urban 

development. Extending ~270m towards the sea, this narrow rocky outcrop hosts 

several stunted mangrove species.  

 

2.7 Data collection 

At each site birds were censused twice a month, while flowering and insect 

phenology was recorded once a month.  
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2.7.1 Bird census techniques 

All bird population census techniques have methodological problems with various 

confounding factors such as behavioural responses, effects of habitat complexity and 

identification issues resulting in incomplete bird surveys (Bibby et al., 1992; Watson, 

2003; 2004). There is no standard census method for bird community studies in 

mangroves. A point count census method was used in mangroves by Metcalfe (2007) 

and Kutt (2007) in a rapid assessment survey. However, Noske (1995; 1996) used 

line transects over a longer period and was able to provide detailed auxiliary 

information on behaviour and foraging profiles in addition to the relative abundance 

and density of species. Point counts that rely on bird song may bias estimates of 

density and abundance (Toms et al., 2006).  Noske (1996) found that certain bird 

species showed strong associations with particular mangrove zones. These 

associations are more easily sampled by transect methods than point counts (Bibby et 

al., 1992). In this study, transect methods were adopted and the data have the added 

advantage of being comparable to those of Noske (1996). 

Variable width transects were adopted for counting and estimating bird 

density in mangroves. This transect method has proven to be a reasonably reliable 

technique for working in closed canopy evergreen forest (Bibby et al., 1992; Shankar 

Raman, 2003). In addition to this, the actual proportion of individuals detected is 

unimportant so long as no systematic errors influence the observed patterns (Toms et 

al., 2006). 

Various assumptions about the detectability of birds apply to variable width 

transect sampling. These assumptions are: (1) all the birds on the transect routes were 

detected; (2) birds do not move before detection; (3) distances are measured 

accurately; (4) individual birds are only counted once;  (5) individual birds are 

detected independently; and (5) bias from observers and weather are accounted for 

(Bibby et al., 1992). All the censuses were conducted by a single observer.  

Number and length of transects were set based on the approximate size of the 

mangrove forest based on aerial photography (1994 Quick bird satellite image - pan-

sharpened 60cm resolution). Factors that were considered prior to route selections 

were mangrove zonation and representation along the transect, distance between 

transects, access throughout the year, and the nature of the surrounding matrix 

habitat. Straight-line transects were laid out at each site. All transects were located 

perpendicular to the mangrove zones at a site and the seaward margin or creeks (for 
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inland sites). Transect lengths were measured using a 100m measuring tape and 10m 

intervals were marked with flagging tape.  Transects were walked in random order 

(in areas with multiple transects lines) at a site at low tide, and thus censuses were 

conducted throughout the day, although most were in the early morning and late 

afternoon. To avoid systematic sampling biases due to observer fatigue or tides, a 

restricted random-visitation ordering for sites was used (MacNally and Horrocks, 

2002). The latter was necessary because of the logistic demands of surveying a large 

region twice a month. None of the sites was surveyed twice on any single day or 

consecutively. 

Due to low visual detectability of birds in the mangrove forest, birds were 

identified by a combination of calls and observation (Noske, 1996). Strong vocal 

mimicry has been noted for some bird species in the mangroves and considerable 

care was taken to identify such species. To avoid counting the same birds twice, 

transect were spaced at least 150m apart. In dense mangroves, transects were spaced 

150-250m apart, while in more open mangroves areas with large saltpans, transects 

were spaced at least 250 to 500m apart (Bibby et al., 1992).  

One of the main emphases of this study was the mangrove bird community 

and their association with communities in the surrounding matrix. Thus, transects 

were laid out from the mangrove edge and penetrating to the interior of the 

mangroves, incorporating as many habitat types encompassed by the mangroves as 

possible. To achieve the latter, transects were set out across dominant environment 

gradients (e.g. saltpans, grass patches and small creeks). Area-proportional sampling 

was adopted so that more transects were surveyed in larger patches (Wethered and 

Lawes, 2005). To ensure that sampling effort was relatively consistent among sites, 

transect length and number was adjusted in proportion to the area of mangrove forest 

at each study site.  

Transects were a straight line and thus it was possible to obtain an angle 

bearing (θ) from the path route to the observed bird and from this the perpendicular 

distance was calculated using: 

 d x sinθ 

 where d = distance from the observer to the bird. Along each transect various 

parameters were recorded. Distances were estimated to the nearest meter and the 

mangrove zonation where each bird observation recorded was also noted at 10-m 

intervals. Records were also entered separately as calls or observations. The sex of 
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the birds was also recorded based on plumage where possible. Only birds actually 

using the mangrove forest were recorded, and those flying over and known not use or 

unlikely to land in the mangroves were excluded.  

Bird communities have proven useful for investigating the coexistence of 

species that use similar resources (Woller and Calver, 1981) where foraging strategy 

determines which food resources were preferred by a particular bird species (Cody, 

1974). In view of this, foraging behaviour was recorded opportunistically. Only one 

observation was recorded for the same individual on any occasion. The substrate 

recorded was that which the food resources (i.e. insect and nectar) were obtained. For 

example if a honeyeater probed a flower from a twig then it is considered as using 

foliage to obtain the nectar source. For each foraging bird encountered, the following 

four potential niche dimensions were recorded: Foraging substrate – (1) ground level 

which was separated into knee root, pencil root, stilt root, and bare ground;  (2) 

trunk; (3) branch; (4) foliage which included leaves and twigs; (5) air for aerial prey; 

and (6) dead branch; Foraging height; Foraging technique; and Food type – (1) 

insect by size class; (2) flower by plant species; (3) crustaceans; and (4) fish.  

Height was estimated to the nearest 0.1 m below 2 m and to the nearest 0.5 m 

above 2 m (Recher and Davis, 1998). The methods used by birds in searching for 

food leading up to prey capture and the factors that influence the search may be 

particularly important for understanding bird diets and ultimately community 

structure (Holmes and Recher, 1986). In view of this, foraging techniques were 

carefully categorized as follows; (1) glean – birds attempt to catch stationary prey 

while perching, (2) snatch – birds catch stationary prey during short flights from 

perch, (3) hover - bird hovers beside stationary food resource which includes 

flowers, (4) hawk -bird chases flying prey, (5) drill - bird repeatedly pecks at one 

location, (6) probe - bird inserts bill into cavity of flower or crevices on trees, and (7) 

pounce (Noske, 1994; Noske,1996: Woinarski and Tidemann 1991). Mangrove 

plants on which birds foraged were identified to species level, while monsoonal vine-

thicket species were described as rainforest in general. Opportunistic nesting 

information was also collected, the species, date, type, height and the tree species 

where the nest was located was recorded. Where possible, the number of eggs or 

fledgling was also recorded. 
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2.7.2 Insect sampling technique 

To sample insect abundance sweep netting was used along transects (Coupland, 

2002; Mulyani, 2004). A net of 46 cm diameter with a 1.2 m handle was used to 

sweep for insects. A sample unit comprised twenty consecutive single sweeps of the 

vegetation alongside the selected transect at each site. The distance between each 

sweep was approximately 20m and in smaller mangrove patches, such as Mindil with 

only 60 ha, consecutive sweeps were spaced as far apart as possible. The sweeps 

were stratified among all the mangrove zones. Samples were collected during the 

first week of every month at each site. Sweeps were carried out during low tide. 

Insect samples along with leaves were transferred into plastic bags and later placed in 

a freezer.  

After sorting, the specimens were identified to order level, their body length 

was measured to the nearest 0.5 mm using 1 mm graph paper placed under the Petri 

dish containing the specimens; the antennae, ovipositors and wings extending beyond 

the abdomen were excluded from the length measurement (Brady and Noske, 2006).  

These insects were later fixed in 70% ethanol (72.9% ethyl alcohol and 27.1% 

distilled water) and placed in small labelled vials for storage. 

 

2.7.3 Flowering phenology 

The mangrove communities of Darwin area are diverse comprising about 34% of the 

70 mangrove species recognized world wide (Coupland et al., 2005). Ten mangrove 

species were monitored for their flowering phenology - Aegialitis annulata (club 

mangrove), Aegiceras corniculatum (river mangrove), Avicennia marina (grey 

mangrove), Bruguiera exaristata (rib-fruited mangrove), Bruguiera parviflora 

(slender-fruited mangrove), Ceriops australis (smooth-fruited spur mangrove), 

Lumnitzera racemosa (white-flowered black mangrove), Rhizophora stylosa (stilt-

root mangrove), Sonneratia alba (pornupan mangrove) and Xylocarpus moluccensis 

(mangrove cedar). All sites had a mixture of these species and the number of species 

was selected based on their relative abundance at a site. There were insufficient 

mistletoes along the transect lines to measure the flowering phenology of these 

species.  

At each site, ten reproductively active trees from each of the selected species 

were marked with numbered tapes and their flowering, fruiting and leaf phenology 

was assessed once a month for a period of 13 months. Information on the presence or 
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absence of reproductive activity, such as the presence of flowers (buds, open and old 

flowers); leaves (buds, new, mature, old); fruit (setting, unripe, ripe, old) was 

recorded (Lawes and Piper, 1992). Only the flowering phenology was presented in 

this thesis. 

 

2.7.4 Vegetation diversity and habitat heterogeneity  

The vegetation diversity and habitat heterogeneity or complexity was assessed in 5m 

x 5m sample plots using a stratified random sampling scheme (Figure 2.4). At a site 

two plots 5m x 5m, (25m2) were set in each dominant mangrove zone and three plots 

in the monsoon rainforest; both were positioned randomly. Within these plots several 

smaller plots were established; one 2.5m x 2.5m (6.25m2) and two 1.25m x 1.25m 

(1.56 m2) plots.  In each 5m x 5m plot, all woody tree species excluding dead trees 

with a diameter at breast height (DBH) > 10cm were measured using a DBH tape. 

The crown height and height of the first branch was visually estimated. Percentage of 

canopy cover was visually estimated from the centre of the quadrat and a vegetation 

profile was constructed by estimating the projected cover of vertical foliage for 7 

height classes (0-2, 2-4, 4-6, 6-8, 8-10, 10-12, and 12-14). Measures of percentage 

cover for bare ground, grass cover and dead logs was estimated by examining the 

plot. Within each plot, garbage and terrestrial large animal and human tracks were 

counted and canopy cover, cover of bare ground, grass cover and dead logs were 

based on percentage. 

In the 2.5m x 2.5m plot, all woody plant species with a DBH more than 2cm 

and less than 10cm were measured using the DBH tape (2cm> x <10cm) and the 

height of the tree and the height of the first branch was visually estimated. Densities 

of pencil roots, sapling and immature trees was extremely high in certain vegetation 

zones, thus two 1.25m x 1.25m plots were laid diagonally from the centre of the 5m 

x 5m plot (Figure 2.3). In these sub-plots, all plants and saplings with DBH less than 

2cm were measured using a digital calliper (0.1cm) and the height of the plant and 

the height of the first branch was estimated. All the pneumatophores were 

categorized and knee (B. exaristata) and pencil roots (A. marina) were counted and 

their average height was measured using a 30cm ruler (0.5cm).  
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Figure 2.4. Plot layout and position of subplots within each dominant mangrove zone 

for vegetation complexity investigation.  

 

2.7.5 Diversity indices and the use of species richness 

The species richness (S) is the number of species present in an ecosystem. Species 

eveness is the relative abundance or proportion of individuals among the species. 

Diversity indices incorporate both species richness and evenness into one metric or 

index, and are sometimes referred to as heterogeneity indices (Magurran, 2004). 

Diversity indices, although designed for comparative purposes, often cannot be used 

as such, due to their sample-size dependence (Kempton and Wedderburn, 1978; 

Soetaert and Heip, 1990) and because of the difficulty of interpreting what the single 

diversity statistic actually means.  For example, Simpson’s (λ) diversity indices 

(which report dominance) have a moderate ability to discriminate between 

communities and a low sensitivity to sample size, while Fisher’s α (reports species 

richness) and Q statistics (report species richness) have good discriminant ability 

with low sensitivity to sample size (Magurran, 2004). Thus, where possible it is 

better to compare species richness among sites or communities. Indeed, in 

recognition of the problems with interpreting diversity indices, Hill devised a series 

of diversity numbers that are easy to interpret ecologically (Ludwig and Reynolds, 

1988). Hill’s family of diversity numbers report the effective number of species 

present in a sample. Given that it is easier to interpret species richness than diversity, 

many ecologists use species richness only where they can demonstrate that sampling 
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saturation has been achieved, and avoid the use of both diversity indices in general 

and Hill’s diversity numbers. A common method of demonstrating sampling 

saturation is to sample at a site until no new species are recorded. Species 

accumulation curves are used to display the latter. In this study I compared the 

species richness among sites based on achieving sampling saturation at a site. I have 

also used diversity indices (Simpson, Shannon-Weiner, Q-stats and Fisher’s α) where 

appropriate (where the sample-sizes or sampling effort is similar among sites) and or 

rarefaction (Ludwig and Reynolds, 1988) to check that the data are not biased by 

sampling effort.  
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CHAPTER 3 
 

Bird Community Structure and Density in Mangroves of 

Northern Australia: Area-Dependent or Not? 
 

3.1 Introduction 
 
A fundamental goal of community ecology is to seek patterns or trends in species 

composition and interaction. Diamond (1975) and Connor and Simberloff (1979) 

have argued that chance alone may perhaps explain some species’ co-occurrence 

patterns.  Understanding trends and patterns in community structure should assist 

landscape management and conservation (Lindenmayer and Fischer, 2006). In this 

study, several patterns of species co-occurrence are examined in mangrove bird 

communities, such as the species-area relationship, and changes in community 

structure measured by density compensation.  

Mangroves grow on sheltered tidal-flats and in estuaries. The structural 

complexity and number of mangrove species is greatest in tropical Australia (Ford, 

1982). In the Northern Territory mangrove birds have a discontinuous distribution 

because their habitat requires particular environmental conditions (Hutching and 

Saenger, 1986). The mangrove forests of Darwin Harbour, although extensive, have 

a discontinuous distribution, with some forests more isolated from mangrove forests 

than others.  These mangrove stands represent discrete habitat fragments and provide 

an opportunity to test species-area, species-habitat heterogeneity, and species-

isolation hypotheses (sensu Connor and McCoy, 1979; MacArthur and Wilson 1967; 

McGuinness, 1984). The dynamic equilibrium theory of island biogeography (IBT) 

is well known and tested, and provides a basis for examining species-area 

relationships in mangroves. It is particularly applicable here as mangroves are a 

relatively homogenous habitat and thus in the absence of high habitat heterogeneity 

the species-area relationship can be tested. In general, species-area relationships have 

been used to predict extinction likelihood based on habitat reduction under the 

assumption that species have uniformly distributed range requirements and a 

minimum abundance level required for persistence (Ney-Nifle and Mangel, 2000).  
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However, not all patches appear to function as predicted by this theory. 

Where species disperse readily, the size and spatial configuration of patches as well 

as the complexity of the habitat itself, will interact with both colonization rates and 

extinction rates to influence community pattern (Morin, 1999). Additionally matrix 

effect can also obscure spatial pattern that conforms to IBT (Cook et al., 2002). 

Sometimes due to losses in habitat quality larger patches lose much of their species 

richness while undisturbed small patches may maintain complete species 

assemblages (Gurd, 2006). High habitat heterogeneity has been known to 

compensate the effects of fragmentation and declining patch size (Cromsigt et al., 

2009). 

If a habitat is sufficiently extensive, much of the complexity may occur at 

small scales so as to contribute little to the overall properties of the system (Maurere, 

1999). In floristically and structurally simple mangroves the properties of the habitat 

are pervasive with relatively few ecological niches. Nevertheless, mangroves may 

provide seasonal resources and a refuge for terrestrial species of adjacent habitats 

(Kutt, 2007).  

An inverse relationship between population density and species richness is 

termed density compensation (McGrady-Steed and Morin, 2000). Density 

compensation reveals population-level responses to predation or competition 

(Mcgrady-steed and Morin, 2000). When species co-existing in a habitat exploit 

several similar resources, the population density of either or both is expected to 

decline as their niche breadth is compressed through competition (McArthur et al., 

1972). An isolated habitat patch usually supports fewer species than comparable 

areas in continuous habitat and thus the average population density of each species 

will tend to be higher on isolated patches than in larger patches (Wright, 1980). 

Density compensation has been demonstrated for various taxa ranging from micro-

organisms (McGrady-Steed and Morin, 2000), fishes (Tonn, 1985), herpetofauna 

(Dean-Bradley and Rodda, 2002), birds (Wethered and Lawes, 2003; Wright, 1980) 

to mammals (Dolman and Peres, 2000; Willig and Stevens, 2000). However, where 

the species richness of a patch is subsidised by species from the surrounding matrix, 

density compensation may not be detectable (Wethered and Lawes, 2003). 

In addition to area, isolation, fragmentation and edge effects, habitat 

disturbance can also regulate species densities. The clearest consequence of 

disturbance is the change in population densities, either through disturbance-induced 
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mortality or indirectly through changes in habitat structure, resource availability, or 

density of predators or competitors (Blotch et al., 2007). Examining density 

compensation in mangrove bird communities allows one to detect whether changes 

in species richness lead to compensatory changes in population abundance and 

functional guilds. If a mangrove patch is used by species from surrounding habitats 

then a lower population density of mangrove specialist species might be expected. 

On the other hand, given the simplicity of the mangrove habitat, the avifauna of 

small fragments of mangroves may not differ substantially from that of extensive 

coastal mangroves, especially if mangroves support only a small number of 

mangrove dependent species.  

In this chapter I examine the effect of patch size on mangrove bird species 

assemblage, attempting to answer the following questions: 

a.   Is there a species-area relationship in mangrove bird assemblages and     

mangrove dependent species? 

b. What is the minimum area of mangrove required to sustain maximum 

number of species?  

c. What is the minimum area and bird species needed to maintain a fully 

functional mangrove ecosystem? 

d. Are mangrove bird assemblages saturated with species so that density 

compensation (changes in species density with increasing species 

richness) occurs?  

e. Does the density of mangrove bird assemblages and mangrove dependent 

specialists decline as area increases? 

f. What are the seasonal effects on mangrove bird assemblage structure? 

 

3.2 Methods 

 

3.2.1 Bird census methods and density estimation 

Birds were observed along transect lines twice a month for a period of 14 months 

(February 2008 – April 2009). Observations were made throughout the day due to 

lack of access during high tides, although most transect samples were timed for the 

early morning and late evening. Birds that did not settle in the mangroves and usually 

flew over the sites (commuter species) on their way to other habitats were excluded 

from the analysis, as well as all seabirds and migratory waders, which utilise tidal 
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mudflats at low tide, and rest in mangroves when not foraging during high tides. Bird 

census techniques are described in Chapter 2.  

Many bird species found in mangroves are also temporary residents of 

adjacent habitats and similar habitats further inland (Kutt, 2007; Woinarski et al., 

1988). Mangrove dependent species (MDS) were defined in this study as those 

species that were relatively restricted to mangroves (see Table 1.2) and that spent 

most of their foraging time in, (or were uncommon or absent from other habitats) and 

that usually nested in mangroves; on this basis MDS were identified from Noske 

(1996). Even though striated heron is a generalist wetland species outside Australia it 

was included as mangrove dependent species as it was defined as such by Noske 

(1996) and it is almost exclusively found in mangroves in Australia. Species that 

were observed in the centre of a mangrove patch were classified as ‘interior’ species; 

this excluded species at mangrove edges and in matrices. 

 Estimating the transect width (w) is the most challenging aspect of estimating 

density from line transects. Most methods assume that no objects go undetected in 

front of the observer, however detection probabilities decline with distance from the 

transect line, particularly where the habitat is complex and/or variable (Buckland et 

al., 2001; Wethered and Lawes, 2003). Furthermore, if birds move away from the 

observer before being detected then observations further away would cause 

overestimation. Similarly if there are too many observations close to the transect, 

where the perpendicular distance is rounded to zero, this results in underestimation.  

To address these problems, frequency distributions of all the calculated 

perpendicular sighting distances across all species within each mangrove patch were 

analysed using DISTANCE 5.2 (Thomas et al., 2006) to estimate the density and 

abundance of mangrove bird species. The half-normal key function was fitted to the 

ungrouped, non-truncated data (distance w was at least as large as the largest 

recorded distance) with cosine series of expansion and found to fit well (Buckland et 

al., 2001). DISTANCE 5.2 takes into account the variation among species in their 

detectability (by modeling the sighting distance frequency distributions as a measure 

of the attenuation in detectability with increasing sighting distances).  The 

delectability function was used to estimate density using the following equation: 

awLP
nD

2
=  × 10 000 = individuals / ha, 
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where D is density (estimated number of bird individuals per unit area), n = sample 

size or number of birds detected, L = the total line length in a transect line survey 

(m), w = half the effective transect width (m) where the distances exceeding w either 

are not recorded or are truncated before analysis, Pa = the probability that a randomly 

selected object in the surveyed area a is detected. 

 

3.2.2 Species accumulation and rarefaction 

The relationship of species richness accumulation, rarefaction and species density 

has been well established in community ecology (Gotelli and Colwell, 2001). When 

sampling various species in a community, the larger the number of individuals 

sampled, the greater the likelihood that more species will be found. Sample based 

species accumulation curves record the total number of species observed during the 

sampling period (Gotelli and Colwell, 2001). Species accumulation curves generally 

rise very quickly at first and tend to level off towards an asymptote as fewer new or 

rarer species are found. However asymptotic curve behaviour will only be observed 

if the samples come from a single, reasonably homogeneous, habitat (Henderson and 

Seaby, 2001). Species accumulation and rarefaction curves are closely related to one 

another, where the rarefaction curve is the statistical expectation of the 

corresponding accumulation curve. The rarefaction curve plots the number of species 

as a function of the number of individuals sampled. If one or more accumulation 

curves fail to reach an asymptote and sampling saturation is not achieved, the curves 

themselves may often be compared, after appropriate scaling using rarefaction 

(Gotelli and Colwell, 2001). Thus, rarefaction permits comparisons of species 

richness among communities when the total numbers of individuals or sample sizes 

and effort differ (James and Rathbun, 1981). However rarefaction was not used in 

this research as sampling saturation was achieved. It was only used to illustrate that 

where sampling saturation was achieved that comparative estimates of site species 

richness were not due to sampling effects. Hurlbert’s (1971) unbiased formula for 

rarefaction was used in the present study.  

SE( )=∑
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Where E(S) = the expected number of species in the rarefied sample, n= standardized 

sample size, N= the total number of individuals recorded in the sample to be rarefied 

and Ni= the number of individuals in the ith species in the sample to be rarefied. 
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 To ensure that the differences in species diversity and evenness among 

mangrove bird communities represented ecological differences rather than sampling 

intensity, samples were rarified down to a common abundance level (Wethered and 

Lawes, 2003) using Species Diversity and Richness version 2.65 (Henderson and 

Seaby, 2001). 

 

3.2.3 Species diversity 

Species diversity was compared among mangroves patches using several diversity 

indices. Two widely used diversity indices, Shannon Weiner (H΄) and Simpson’s (λ) 

diversity indices (which report species richness and dominance, respectively) have a 

moderate ability to discriminate between communities and a low sensitivity to 

sample size (Magurran, 2004). From Hill’s family of diversity numbers N0, N1 and 

N2 were selected as measures of species richness and diversity and E5 was selected 

as an index of species evenness. Derivation of Hill’s numbers and E5 is given by 

Ludwig and Reynolds (1988). Simpson’s and Shannon-Wiener indices were used in 

the derivation of Hill’s numbers and evenness E5.  Hill’s numbers were used to 

describe species richness and diversity as they are relatively insensitive to differences 

in species richness and tend to be independent of sampling size (Ludwig and 

Reynolds, 1988). 

 

3.2.4 Area and isolation measurements 

The area of mangrove at each site was estimated from satellite photographs (1994 

Quick bird satellite image - pan-sharpened 60cm resolution) using ArcGIS 9.3. An 

overall area measurement of each site, which incorporated its habitat complexity, 

was defined by the maximum possible extent of each mangrove basin. However this 

area was much larger than the actual area sampled (mean = 132.31 ha, SD = 186.04 

ha; n = 13. Thus a second measure of the area sampled (mean = 68.18 ha, SD = 

113.33 ha; n = 13) was made and included mangroves traversed by transect lines and 

bounded by landscape features such as creeks, urban settlement and other vegetation 

types. These two measures of habitat area were applied to the three large and 

contiguous sites:  East Arm Train (EAT), Buffalo Creek (BC) and East Arm Barrage 

(EAB).  

The mean nearest-neighbour method was used to measure isolation values. 

The mean value of the nearest linear distance (edge to edge) of two nearest patches 
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of over 250 ha was taken as the patch isolation distance. Multiple linear regression 

models were run with species richness as the dependent variable and area plus 

isolation as independent variables.  Regression coefficients (β) were used to 

determine whether area and isolation of the mangrove patch were significant 

predictors of bird species richness. Independent variables were standardized by 

subtracting the mean from the value, and dividing the outcome by the standard 

deviation (Zar, 1996). After standardization, all independent variables had a mean of 

zero and standard deviation of one. This process removes the effects of different 

scaling and therefore allows an evaluation of the relative importance of each variable 

(Wethered and Lawes, 2003). 

 

3.2.5 Species-area analysis 

Species-area relationships (SAR) are well established in the literature and are 

frequently used to infer the influence of habitat (area, structure, diversity) on 

community size and composition. Many functions have been used to investigate the 

SAR, however the power function, S=C A z where S and A are species richness and 

area respectively with z being a constant, has been widely used (Ryberg and Chase, 

2007). Most often this equation is log10 transformed to fit a linear function, giving 

log S = log C + z log A (e.g. Williams et al., 2009). This linear relationship can be 

more easily compared and contrasted. Interpretation of the z value is widely debated 

(e.g. Abbott, 1983; Connor and McCoy, 1979), however because it has been recently 

used to discuss the underlying principles of ITB, it was compared among models and 

with other studies (e.g. Desmet and Cowling, 2004; Lees and Peres, 2009; Rompré et 

al., 2009; Watson et al., 2004; Wethered and Lawes, 2003). Three linear models 

were fitted to the species-area data, namely the untransformed data (S= zA + c), log-

log model (logS = zlogA + log c) and a semi-log model (S = zlog A + c) (where, S = 

species richness, A = habitat area, z = the slope of the fitted model, and c = the 

intercept of the fitted model).  

The species composition of particular sites or habitats, especially at the edges, 

is known to be influenced by the range of habitats surrounding them (Cook et al., 

2002; Wethered and Lawes, 2003), thus the species-area curve was also tested 

without the edge and matrix species. All the species recorded in the mangrove edges 

abutting other habitats were removed from the model and only the interior species 

were fitted. These models were applied to datasets comprising all species, interior 
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species, insectivores and the mangrove dependent group. The species-area 

relationships for the dry and the wet seasons were compared using the Least squares 

linear regression analyses in SPSS version 17.   

 

3.2.6 Minimum critical patch size 

The species-area curve for patches of mangroves was compared to a species–area 

curve derived from sampling the large continuous pristine mangrove stand at Charles 

Darwin National Park (CDNP), using the method of Bond  et al. (1988) and 

Wethered and Lawes (2003). Minimum critical patch size (MCPS) is the minimum 

critical habitat size required for a community to persist in species equilibrium. 

Transects lengths were area proportionate (Transect length (km) = 0.137 + 

0.269log10 Area, F1, 10 = 21.862, P = 0.001, R2 = 0.828; excluding large pristine site). 

Transect segments from CDNP were randomly assembled by re-sampling to estimate 

species richness for an ‘area’ represented by a transect length. The MCPS is 

determined as the area that corresponds with the point at which the species-area 

curve for fragments patches intersects with the mainland curve (Wethered and 

Lawes, 2003) in this case, CDNP. Since there was no recent clearing the mangrove 

system is considered stable so that species relaxation has run its course. Seasonal 

fluctuation in species richness occurred but otherwise there was no species 

rearrangement due to clearing effects. Therefore the use of MCPS, taking into 

account the annual fluctuations, is justified. MCPS was also estimated for MDS to 

prevent species from the surrounding habitats obscuring species-area effects for the 

MDS (Cook et al., 2002).  

 

3.2.7 Density compensation 

Assuming communities are saturated with species, the abundance or density of any 

given species should decline (‘density compensation’ sensu MacArthur et al., 1972) 

as assemblage richness increases (McGrady-Steed and Morin, 2000). Because 

phylogeny affects representation of species traits, including density, in communities, 

density compensation is usually compared at the level of genus or family or by 

functional group (Stevens and Willig, 2000).  

The occurrence of density compensation was investigated at three taxonomic 

levels, namely at the family and functional guild level, and for selected species.  

Among ecologically similar species (i.e., species grouped by family or functional 
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guild) competition is likely and a reduction in species population size is likely where 

the number of species in a guild increases (Morin, 1999); this density compensation 

effect was also tested for the mangrove dependent species. A comparative analysis of 

population density against local assemblage richness was carried out across different 

families. The mean density per species for each family was regressed against the 

total species richness of a patch. All families specific to a mangrove patch were 

combined in one least-squares regression and the regression slope was inspected and 

compared. 

 

3.2.8 Ecological functional groups 

The function-area relationship was examined to determine the level of redundancy in 

species diversity in mangrove bird species (Cummings and Child, 2009). Functional 

groups were defined based on foraging behaviours and diets sourced from the 

literature: Noske (1996), Johnstone (1990), Johnstone and Storr (1998), Marchant, 

and Higgins (1990a, 1990b, 1993), Higgins and Davis (1996), Higgins (1999), 

Higgins and Peter (2001) and Higgins et al. (2006). Species were assigned to six 

different functional groups defined by Sekercioglu (2006) and Cumming and Child 

(2009). Seventy species were classified in this way with some species assigned to 

more than one functional group. The major functional groups were also tested for 

their area relationship based on the best fit model from SAR. An empirically derived 

function group taxanomic species curve should therefore exhibit a logarithmic form, 

with early samples of individual organisms rapidly adding functional groups and 

subsequent sampling gradually contributing fewer and fewer novel functional groups 

(Cummings and Child, 2009). Thus a function-area curve was derived from the 

equation: 

 F = bcAyz 

Where F is the number of functional groups; A is the area; and b,c, y and z are 

constants derived from: 

 S = cAz  

and 

 F = bSy  

where S is the number of taxanomic species; c is a constant; A is the area, z describes 

the slope of the curve, F is the number of functional groups. Least squares linear 

regression analyses were conducted using SPSS version 17.   
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3.2.9 Effects of seasonality on mangrove birds 

The effect of seasonality on the mangrove bird community was tested by comparing 

the bird species composition of mangrove sites during the wet and dry seasons over 

the sampled period. Initial observations made in February 2008 were excluded from 

this analysis to reduce potential observational bias. Species and density-area 

relationships were tested for both seasons using least squares linear regression and 

were compared using a paired t test. The variability of species richness and density 

between months was also tested using repeated measures ANOVA.  

 

3.3 Results 

Sampling saturation was achieved for most sites by the 24th transect sample (Figure 

3.1), but was achieved earlier in the larger mangrove patches, such as Charles 

Darwin National Park.  Patches of mangrove that were surrounded by other 

vegetation types required additional transect surveys to achieve sampling saturation 

(i.e., BC, EP and CCR; Figure 3.1). Patches that were subjected to frequent 

anthropogenic disturbances required additional sampling effort to reach sampling 

saturation compared to large patches, which required less than five sampling 

sessions. Similar trends of species accumulation were observed for mangrove 

dependent species. Sites that depart from the sampling effort and species richness 

relationship at large numbers of samples are CDNP and EAT. These are the larger, 

more homogeneous patches (Figure 3.2). 

 
Figure 3.1. Species accumulation curves for all surveyed mangrove patches and mangrove 

dependent species (MDS) and the large pristine Charles Darwin National Park.  
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Figure 3.2. Sample-based rarefaction curves illustrating a relatively consistent 

relationship between species richness and sampling effort among mangrove sites for 

a range of sample sizes (number of surveys).  

 

3.3.1 Bird species richness and diversity 

Bird surveys totalling 433.5 hours of observations along 249 km of transect lines 

provided 15,615 observations. A total of 115 species representing 43 families were 

observed, including shorebirds and water birds. Excluding non-target species, 

however, 70 species (mean richness= 40.85, SE = 1.81), predominantly passerines, 

were recorded from 13,101 observations from the 13 mangrove study sites in the 

Darwin region. This represents 32.9% of the bird species recorded in Northern 

Territory (bird list filtered similarly) (Crawford, 1972).  

The most commonly encountered species was the brown honeyeater (18.1%) 

followed by the red-headed honeyeater (12.3%).The species list includes 8 singletons 

and three doubletons. Most generalist species were encountered in all forests 

irrespective of patch size, suggesting that they were unaffected by forest 

fragmentation. Species richness at Buffalo creek (BC), a relatively large mangrove 

patch, was higher (n = 53) than at any of the other study sites where species richness 

ranged from 30 to 48. Thirty-eight species were recorded from the largest mangrove 

patch (EAT), and a similar number (37) from CDNP, another large pristine 

mangrove patch (Table 3.10). Less variation in species richness was observed among 

smaller patches than among larger ones.  
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The interior species comprised 61 species in total, but varied between sites 

from 28 species at Mindil (MDL) to 43 species at BC (mean richness = 36.15, SE = 

0.925). This included 8 singletons, which were mainly woodland species. Eleven of 

the 70 species recorded in total were identified as mangrove dependent MDS were 

generally recorded throughout the sampling period in mangrove patches. The number 

of MDS in each patch was correlated with patch size (see next section), ranging from 

3 to 10 species at MDL and CDNP, respectively.  

 

3.3.2 Species-area curves 

Species-area regressions based on the transformed log-log model fitted best 

(Appendix A-3). The island effects or slope for total species richness and mangrove 

dependent bird species in the mangrove patches were compared (Table 3.1). The 

species area-curve fitted the type IV curve described by Scheiner (2003), which 

assumes that the power model best describes the species-area relationship of 

mangrove bird assemblages. The type IV curve which fits this study is also widely 

used to assess the effects of area on diversity which allows a larger patches to contain 

fewer species than a smaller area where actual samples shows substantial variation 

compared to other curve types as they are non-decreasing and are built using larger 

and larger combination of the same area (Scheiner, 2003).  

For total species, interior species and mangrove-dependent species, species-

area relationships for sites were slightly stronger when the total area of mangroves 

was used as opposed to the area surveyed by the transects only (Table 3.2). Species-

area regression of monthly species richness for a site showed a similar trend with the 

smallest site (Mindil, MDL) being an outlier, suggesting that transient species which 

may hold territories outside this small patch may have caused the observed variance 

(Figure 3.3). Total species richness was independent of mangrove area while the  

species richness of interior, insectivore and mangrove dependent species (MDS) was 

area-dependent (Table 3.3). The slope of the species-area relationship was not 

significantly different from zero and statistically the overall bird species richness of 

mangrove forest was independent of the area of the sites. 
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Table 3.1. Bird species diversity for overall, interior species and MDS in mangrove patches from Darwin region. Site information, are also given 
for each patch. Acronyms for sites are given below the table. 

*BC, Buffalo creek; BV, Bay view; CCR, Casuarina Coastal Reserve: CDNP, Charles Darwin National Park; EAB, East Arm Barrage; EAH, 
East Arm Hamaura; EAT, East Arm Train; EP, East Point; LLA, Ludmilla; LNR, Leanyer; MDL, Mindil; NGLF, Nightcliff; RC, Rapid Creek. 

Site BC BV CCR CDNP EAB EAH EAT EP LLA LNR MDL NGLF RC 
Area (ha) 266.67 44.58 17.08 431.38 122.56 37.10 594.53 22.12 20.27 92.05 0.67 6.51 64.56 
Observations 1559 448 897 1774 680 866 791 1174 1047 1396 258 524 1687 
Transect length 820 410 440 2110 420 750 830 560 560 800 60 260 800 
Species richness (N0) 53 36 48 34 47 37 38 43 37 42 30 39 47 
Number of families 25 18 20 16 21 18 18 20 18 20 18 17 22 
Simpson (Overall species)  λ΄ 0.08 0.09 0.06 0.14 0.08 0.10 0.10 0.07 0.08 0.17 0.07 0.07 0.11 
Shannon Wiener (Overall species) H΄ 3.02 2.84 3.21 2.49 3.04 2.70 2.73 3.03 2.90 2.40 2.98 2.96 2.75 
Inverse Simpson (Overall species) (N2) 12.32 11.12 16.66 7.20 11.86 9.73 9.68 13.82 13.16 5.96 15.05 13.82 9.29 
exp Shannon Wiener (Overall species)(N1) 20.38 17.11 24.84 12.01 20.80 14.83 15.35 20.64 18.16 11.07 19.64 19.30 15.59 
Hill’s index E5(Overall species) 0.58 0.63 0.66 0.56 0.55 0.63 0.61 0.65 0.71 0.49 0.754 0.70 0.57 
              
Interior species richness (N0) 43 35 38 34 37 34 36 37 36 38 28 37 37 
Transect length 760 380 380 2110 330 660 770 500 500 760 50 230 710 
Simpson for interior species  λ΄ 0.09 0.10 0.08 0.14 0.09 0.10 0.12 0.07 0.08 0.17 0.12 0.08 0.12 
Shannon Wiener for interior species H΄ 2.84 2.78 2.92 2.47 2.88 2.66 2.67 2.94 2.85 2.37 2.64 2.91 2.58 
Inverse Simpson for all interior species(N2) 10.62 10.37 11.90 7.12 10.77 9.82 9.54 13.49 12.76 5.77 8.68 13.23 8.18 
exp SW for interior Species(N1) 17.15 16.07 18.45 11.796 17.745 14.354 14.485 18.88 17.34 10.64 13.96 18.39 13.15 
Hill’s index E5 (Interior species) 0. 60 0.62 0.62 0.57 0.58 0.66 0.63 0.70 0.72 0.50 0.59 0.70 0.59 
              
MDS(MDS) (N0) 10 10 8 10 10 9 9 9 8 7 4 8 9 
Simpson (MDS)λ΄ 0.28 0.24 0.39 0.20 0.29 0.27 0.23 0.197 0.25 0.48 0.52 0.23 0.36 
Shannon Wiener (MDS)H΄ 1.54 1.65 1.22 1.84 1.65 1.48 1.69 1.810 1.57 1.09 0.79 1.60 1.31 
Inverse Simpson (MDS)(N2) 3.59 4.15 2.54 4.91 3.48 3.66 4.44 5.071 4.06 2.10 1.91 4.34 2.79 
exp Shannon Wiener (MDS)(N1) 4.67 5.23 3.38 6.30 5.22 4.41 5.44 6.109 4.80 2.98 2.20 4.94 3.69 
Hill’s index E5 (MDS) 0.71 0.75 0.65 0.74 0.59 0.78 0.78 0.80 0.81 0.56 0.76 0.85 0.67 
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Table 3.2. Summary of the log-log species-area relationship for different species 

assemblages (log S = c + z log10 area), based on the species richness of the total 

number of species from all surveys. Significant values are indicated in bold text.  

Model Constant 
(c) 

Slope 
(z) 

F1,12 P R2 

Total richness and total area 1.55 0.03 1.97 0.188 0.39 
Total richness and transect area 1.57 0.02 0.50 0.494 0.04 
MDS and total area 0.75 0.10 16.37 0.002 0.60 
MDS and transect area 0.75 0.12 12.55 0.005 0.53 
Interior species and total area 1.51 0.03 5.35 0.041 0.33 
Interior species and transect area 1.52 0.03 2.73 0.130 0.20 
Excluding singleton species and area 1.54 0.03 2.12 0.173 0.16 
Excluding singleton species and transect 
area 

1.57 0.02 0.57 0.467 0.05 

 

Excluding singleton species (n=8) did not improve the total species-area 

relationship (Table 3.2). These trends illustrate that environmental factors other than 

area likely determine overall mangrove bird species richness. In particular, it is 

plausible that the species from the surrounding matrix have supplemented the species 

richness of these forests.  

 
Figure 3.3. Species-area regressions of pooled monthly total species of all the 

mangroves patches sampled in the Darwin region. 
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As expected, the species-area relationship for interior species was significantly 

different from zero and the bird species richness in the centre of mangrove forests 

was dependent of the area of the patches further suggesting a strong edge effect of 

species common to the  surrounding matrix (Cook et al., 2002) (Table 3.2), (Figure 

3.4).  

 
Figure 3.4. Power curve fitted to the species-area relationship for interior species (S 

= 31.97 A 0.02 ; --, ■) and total species richness (S = 36.41 A 0.03 ; —, ●) 

 

Table 3.3. Coefficients of determination for the relationships between mangrove 

patch size, between mangrove patch isolation and between patch and isolation 

combined (n = 13), and species richness using overall species, interior species and 

mangrove dependents. Standardized coefficients, β were based on multiple regressions. 
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The interior species and MDS showed stronger relationships with patch area 

than did total species assemblages (Table 3.3) (Figure 3.5). This also suggests that in 

general MDS were more strongly affected by patch area than the interior bird 

species. The similarity between large patches was highest for MDS and the latter 
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were more strongly affected by patch area than edge or transient species. Smaller 

mangrove fragments were probably dominated by edge effects and rarely contained 

sufficient mangrove to support many MDS. In addition, the heterogeneity of interior 

mangrove habitat may have a stronger influence than patch size on mangrove 

dependent species, as some MDS are highly restricted to certain mangrove zones 

(Noske, 1996). Patch size has a stronger effect than isolation on the interior species 

and MDS richness, whilst the converse was true for total species richness (Table 

3.2). 

 

 
Figure 3.5. Power curve fitted to the species-area relationship for MDS (S = 6.3A 
0.077). Insert: Species-area regression plot of MDS suggesting MDS richness is 

strongly determined by patch size (F1,12 = 16.4, P= 0.002, R2 = 0.59) 

 

Smaller forest patches had higher evenness compared with larger patches, while 

larger patches had lower species richness in general. The evenness for all species 

(E5) varied significantly among sites (Figure 3.3), ranging from 0.49 in Leanyer 

Swamp (LNR) to 0.75 in Mindil Mangroves (MDL), while the evenness for MDS 

was highest for Nightcliff (NGLF) (0.85). Evenness decreased with patch area 

suggesting greater species packing in the smaller patches (Figure 3.6). The evenness 

0

2

4

6

8

10

12

0 100 200 300 400 500 600 700
Area (ha)

M
an

gr
ov

e 
de

pe
nd

en
t s

pe
ci

es

0.5
0.6
0.7
0.8
0.9

1
1.1

-1 0 1 2 3

log10 area

lo
g 1

0 
m

an
gr

ov
e 

de
pe

nd
en

t s
pe

ci
es



 49 

of interior species did not show a significant relationship with patch size, and species 

composition was evenly distributed in the patches (F1, 12 = 1.19, P = 0.3, R2 = 0.1). 

 
Figure 3.6 Relationship between the evenness of total bird species composition and 

patch size across mangrove sites (Evenness = 0.74 – 0.72 log10 Area, F1,12 = 18.46, P 

= 0.001, R2 = 0.63). 

 

The number of matrix habitats surrounding and embedded in a mangrove patch also 

significantly influenced the overall species richness (F1, 12 = 14.76, P = 0.003, R2 = 

0.57) but had no effect on the richness of MDS (F1, 12 = 0.88, P = 0.37, R2 = 0.07). 

 

3.3.3 Minimum critical patch size 

The total species-area curves for the large pristine mangrove patch and all mangrove 

patches did not converge (Figure 3.7), preventing estimation of the MCPS based on 

the full bird assemblage and suggests that mangroves are used by many transient bird 

species that are not dependent on mangroves. However, the MDS species-area curves 

at Charles Darwin National Park and all other mangrove patches converged. The 

minimum critical patch size required to support the full mangrove dependent bird 

assemblage was estimated at 594.5 ha (Figure 3.8).   
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Figure 3.7. Log-log total species-area regression for 13 mangrove patches (●, —) 

plotted against that for contiguous subplots within the larger pristine forest at Charles 

Darwin National Park (□, --).  

 
Figure 3.8. Mangrove dependent species-area regression for mangrove patches       

(●, —) plotted against that for contiguous subplots/ transects within the larger 

pristine patch, Charles Darwin National Park (■, - -). Minimum critical patch size 

(MCPS) is represented by the point of intersection. 
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3.3.4 Population density  

The mean total bird density was 11.7 ind.ha-1 (SE = 0.236, CV= 0.02, Effective 

Detection Area = 27.6 m). Total bird density estimates based on all birds observed 

and heard over the study period varied among sites, from 5.9 ind. ha-1 at Charles 

Darwin National Park, to 18.9 ind. ha-1 at Ludmilla (LLA), excluding Mindil 

mangroves (MDL), the smallest site, which had an unexpectedly high density of 43.3 

ind.ha-1 (Table 3.4). However, density estimation from small areas may yield bias 

estimates as small denominators in the ratio of number of birds to area give rise to 

high variability (Johnson, 2001) Additionally it is more likely to see birds in smaller 

patch due to reduced vegetation density and more individuals concentrating on few 

flowering plants. Thus the estimate for the smallest patch at MDL is likely an over-

estimate. The mean density for individual species over all sites combined was 

generally low (excluding the smallest site; range 5-20 ind.ha-1) with 97% (n = 68) of 

species with densities <1 ind.ha-1.  

Only the red-headed honeyeater and brown honeyeater had a mean density 

greater than 1.0 ind.ha-1 with 3.06 ind.ha-1 (SE = 0.876, n = 13) and 2.4 ind.ha-1, (SE 

= 0.25, n = 13) respectively. The mean density of MDS ranged from 0.3 ind.ha-1 (SE 

= 0.153) at EAT to 4.3 ind.ha-1 (SE = 2.93) at Mindil mangroves. MDS represented 

only 2% (LNR) to 10% (MDL) of the overall species density at a site. The red-

headed honeyeater had the highest mean density among the MDS while mangrove 

fantail had the lowest density (0.07 ind.ha-1, SE = 0.05, n =5) (Figure 3.9). 

 

3.3.5 Density compensation 

As density in very small areas was likely an over-estimate, the density relationships 

here were also tested excluding the smallest patch (MDL). When the smallest patch 

was included in the analysis a slight density compensation trend was observed 

(density = 30.13 – 0.36Sp, F1,12 = 0.7, P= 0.4, R2 = 0.06). However, no density 

compensation was evident after excluding MDL (density = -2.346 + 0.37Sp, F1,11 = 

2.2, P= 0.17, R2 = 0.2), suggesting that there was no density compensation overall, 

and that total bird density was independent of species richness. Similar trends were 

observed at the family level (density = 0.23 + 0.001Sp, F1,11 = 0.06, P= 0.81, R2 = 

0.006) (Figure 3.10).  
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Table 3.4. Bird species density in mangrove patches for overall species and mangrove 

dependent species. Total transect length, the rate of encounter, the effective detection area 

and estimated number of birds in mangrove patches for the overall species are given. 

Standard error is shown in parenthesis. Acronyms for sites are given in Table 3.1. 

 

Site Total  
length  
(m) 
 

Encounte
r 
rate 

Estimated 
Width 
(m) 

Effective 
Detection 
Distance 
(m) 

Density 
(ind.ha-1) 

Estimated 
no. of  
birds 

Density 
MDS  
(ind.ha-1) 

BC 2296
0 

43.20 70.00 16.19 (1.1) 15.41 
(0.87) 

14873 
(841.48) 

0.55 
(0.3) 

BV 1148
0 

45.30 60.62 28.78 (2.03) 10.42 
(0.99) 

13006 
(1247.1) 

0.66 
(0.27) 

CCR 1232
0 

35.30 65.00 34.68 (2.17) 13.21 
(1.03) 

6320 
(494.78) 

0.53 
(0.29) 

CDN
P 

5908
0 

81.50 80.00 34.66 (1.02) 5.9 
(0.41) 

71295 
(4942.4) 

0.34 
(0.17) 

EAB 1176
0 

34.80 76.00 32.16 (1.70) 12.12 
(0.81) 

5670 
(379.78) 

0.52 
(0.28) 

EAH 2177
0 

50.30 141.40 34.45 (1.61) 6.25 
(0.42) 

6496 
(436.74) 

0.33 
(0.15) 

EAT 2324
0 

47.20 80.00 35.45 (1.70) 6.08 
(0.41) 

16838 
(1122.8) 

0.47 
(0.21) 

EP 1568
0 

72.60 196.96 26.22 (0.64) 18.74 
(0.94) 

11605 
(59.09) 

0.67 
(0.18) 

LLA 1568
0 

43.90 83.88 23.64 (1.03) 18.92 (1.11) 10739 
(633.29) 

0.81 
(0.34) 

LNR 2240
0 

51.60 59.77 20.47 (0.73) 18.64 
(0.98) 

48034 
(2528) 

0.40 
(0.21) 

MDL 1680 40.60 48.54 19.38 (1.41) 43.28 
(4.16) 

813 
(78.07) 

4.40 
(2.93) 

NGLF 7280 51.50 53.13 27.67 (1.96) 14.48 
(1.49) 

2641 
(273.11) 

0.57 
(0.17) 

RC 2324
0 

74.60 96.60 24.67 (0.42) 17.68 
(0.65) 

31962 
(11841) 

0.85 
(0.5) 
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Figure 3.9.  Comparison of mean (+SE) densities of mangrove-dependent species 

from 13 sites combined in the Darwin region. The red-headed honeyeater accounted 

for 50% of the mean density of mangrove-dependent species.  

 
 Figure 3.10.  Mean avian density by bird family (●, --) and MDS (■,—) against 

species richness for each of 12 mangrove sites, excluding the smallest patch (MDL). 

Standard errors are denoted by vertical bars. 
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Contrary to expectation, mangrove-dependent species also displayed no density 

compensation (density vs. species richness) (density = 0.329 + 0.005Sp, F1,11 = 

0.418, P= 0.533, R2 = 0.04) (Figure 3.10). There was no significant relationship 

between the densities of individuals in a functional guild and species richness, and a 

similar trend was observed for patch size (P>0.5). The mangrove-dependent 

insectivore species did not strongly compensate their density (P>0.5) suggesting that 

niche differentiation within this specialist guild and possibly high food availability 

which reduce inter-specific competition.  

 

 

 
Figure 3.11. Density-area regression of pooled monthly total bird density for each 

site over log10 area in mangrove patches shows a significant negative area 

relationship with the smallest patch having significant leverage. Insert: Same 

regression without the smallest patch (MDL) based on overall mean density for a 

site, showing no significant relationship.  Standard error is denoted by vertical bars.  

 

Density-area regression of bird density for each site over area in mangrove 

patches shows a significant negative area relationship with the smallest patch having 

significant leverage (Density = 32.86 – 10.01log10 area, F1, 181 = 153.82, P= 0.000, R2 
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= 0.46) (Figure 3.11). Similar trend was observed when the smallest patch (MDL) 

excluded, showing no significant relationship (Density = 20.55 – 4.06log10 area, F1,11 

= 2.87, P= 0.121, R2 = 0.22) (Insert Figure 3.11). However bird family density 

appeared to be dependent on the size of the mangrove patches and mean bird family 

density was significantly lower in the larger than the smaller mangrove patches 

showing sensitivity to patch size. The density of birds at the family level 

significantly decreased with area, regardless of inclusion or exclusion of the smallest 

patch from the analysis (13 sites: Density = 0.90-0.322 Log10area, F1,12 = 22.29, P= 

0.001, R2 = 0.67) (12 sites: Density =0.50-0.12 log10area, F1,11 = 14.05, P= 0.004, R2 

= 0.58 (Figure 3.12). 

 

Figure 3.12. Mean density by bird family against mangrove patch area showing a 

significant decline in density with increasing area. Insert: Exclusion of the smallest 

patch results in a similar significant trend. Standard errors are denoted by vertical 

bars. 
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0.98log area, F1,12 = 12.20, P = 0.005, R2 = 0.53), but this relationship was not 

significant when the smallest patch was excluded from the analysis (Density = 0.73 – 

0.10log10 area, F1,11 = 1.92, P = 0.20, R2 = 0.16). Thus the smallest mangrove patch 

(Mindil) was removed from subsequent density related analyses.  

Area-dependent density compensation was not detected for most of the 

eleven mangrove-dependent bird species, except for the broad-billed flycatcher and 

collared kingfisher (Table 3.5), while the density of chestnut rails increased with 

patch area. These analyses suggest that density compensation in mangrove patches is 

generally an area related phenomenon, as opposed to being determined by species 

richness.  

 

Table 3.5. Mangrove-dependent species showing significant area sensitivity; density-

log10 area regression; Density =c + m log10area.  

Response variable constant slope F1,11 P R2 
Broad-billed flycatcher 1.03 -0.38 6.35 0.03 0.39 
Collared kingfisher 0.75 -0.28 5.42 0.04 0.35 
Striated heron 0.28 -0.11 5.72 0.04 0.36 
Chestnut rail  -0.08 0.73 12.09 0.01 0.55 
 

3.3.6 Function-area relationship 

Species in the mangrove bird assemblage are not evenly distributed between 

functional groups and species richness is mainly concentrated in the insectivore and 

pollinator guilds, with only a few species comprising the scavenger or seed disperser 

functions (Figure 3.13). Consistent with food web theory, the species richness in the 

lower trophic levels (e.g. insectivores, pollinators) is higher than in the upper trophic 

levels (e.g. scavengers and predators). A few granivorous species shelter and nest in 

mangrove. Seeds washed off and trapped in the mangrove edge litter are possible 

explanation for the presence of granivorous in mangroves.  

 The largest functional guild, the insectivores (n = 10698), was most species 

rich at site BC and least species rich at MDL with 38 and 21 species, respectively 

(Table 3.6). Excluding the insectivorous honeyeaters, the mangrove gerygone was 

the most frequently recorded species (1078) followed by lemon-bellied flycatcher 
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Figure 3.13. Pie chart showing the percent proportion of bird species in mangroves 

by functional groups (N=70 species; 14 species fell into two functional groups). 

Raptors, water birds, migratory waders, and commuter species are excluded.   

 

(680) and yellow white-eye (595). Variation in composition of the insectivores was 

greatest at CDNP (E5 = 0.49) and lowest at LLA (N5 = 0.71). Insectivore species 

richness was significantly correlated with patch size, but the remaining functional 

guilds did not show significant relationship with patch size which further suggests 

that the overall species-area relationship is determined by the insectivore diversity 

(Table 3.7). As expected, the relationship between total species richness and the 

richness of a functional group was linear, and less represented functional groups 

accumulated species more slowly. A significant functional group richness and 

species richness relationship between patches was observed only for the insectivores, 

pollinators and the predators (Figure 3.14).  
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Figure 3.14 Curves showing significant relationships between species richness and 

function group richness for insectivores (□, ――) F1, 12 = 54.38, P = 0.000, R2 = 0.83; 

pollinators (●, – –) F1, 12 = 7.91, P = 0.017, R2 = 0.42; and predators (■, —) F1, 12 = 

13.07, P = 0.004, R2 = 0.54. 

 

All functional groups were fully represented at 267 ha, and patches smaller 

than 122.6 ha would theoretically experience a loss of functional groups, assuming 

local extinction occurs randomly. The threshold level of species loss before function 

declines is 6 species (Figure 3.15). Threshold levels could not be estimated for 

mangrove-dependent species because all four functional guilds are represented at 

mangrove sites regardless of their size (Insert Figure 3.15). Thus, even small 

mangrove patches are capable of supporting all the functional guilds represented by 

mangrove-dependent species.  
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Table 3.6. Insectivore species diversity among 13 mangrove patches in Darwin region. Text in bold represents the highest value in a row. 

Site BC BV CCR CDNP EAB EAH EAT EP LLA LNR MDL NGLF RC 
Richness 38 28 30 27 31 26 27 29 26 30 21 28 32 
Simpson λ΄ 0.12 0.14 0.09 0.20 0.14 0.13 0.18 0.12 0.11 0.22 0.11 0.11 0.14 
Inverse Simpson  
(N2) 8.69 7.13 11.28 5.01 7.25 7.61 5.72 9.52 9.38 4.59 8.84 9.18 7.00 
Shannon Wiener  
H΄ 2.58 2.47 2.83 2.20 2.52 2.38 2.22 2.61 2.55 2.07 2.52 2.52 2.40 
exp H’ (N1) 13.22 11.77 16.99 9.02 12.43 10.76 9.08 13.64 12.78 7.90 12.42 12.43 11.05 
Hill’s index E5  0.63 0.57 0.64 0.50 0.55 0.68 0.58 0.67 0.71 0.52 0.69 0.72 0.60 
 

Table 3.7. Coefficients of determination for the relationships between mangrove patch parameters (patch size patch isolation and patch and 

isolation combined) and richness of four avian guilds (insectivores, predators, pollinators and seed dispersers) among 13 sites. Significant values 

are indicated in bold text. 

Guild model Insectivore Predator Pollinator Seed disperser 
 P F1,12 R2 P F1,12 R2 P F1,12 R2 P F1,12 R2 
Influence of patch size 0.04 5.64 0.34 0.11 3.00 0.21 0.71 0.15 0.01 0.99 0.00 0.00 
Influence of isolation 0.48 0.53 0.05 0.84 0.04 0.00 0.32 1.10 0.09 0.83 0.05 0.00 
Influence of Isolation  
& patch size 

0.78 0.26 0.05 0.78 0.25 0.05 0.50 0.72 0.13 0.98 0.02 0.00 
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Figure 3.15.  Species-area (bold line, squares) and functional group-area (dotted line, 

circles) curves for all mangrove bird species Insert: Similar graphs for mangrove-

dependent species. 

 

Table 3.8. Summary of linear area related relationships for various assemblages of 

mangrove birds in Darwin. All the linear relationships are significantly correlated 

except for the total species category showing mean richness, species range between 

patch and z value. 

Response 
species 
assemblages 

Mean 
richness 
(SE) 

Number  
of species  
per patch 

z- 
value 
 

F1, 12  P R2 

Total species 40.9 
(1.81) 

30 - 53 0.03 1.97 0.20 0.15 

Interior species 36.2 
(0.93) 

28 - 43 0.03 
 

5.35 0.04 0.33 

Insectivorous  
species 

27.5 
(1.14) 

21 - 38 0.07 
 

11.40 0.00 0.51 

MDS 8.6   
(1.14) 

4 - 10 0.10 16.40 0.00 0.60 
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Figure 3.16 Mean monthly density plotted for all the patches for dry season; ■, - - 

and wet season; ●,  (excluding Mindil). Standard errors are denoted by vertical 

bars. Insert: monthly density is regressed against monthly richness (F1, 11 = 7.3, P = 

0.02, R2 = 0.42).   

 

Table 3.9. Summary of the species-area and mean density-area relationships by 

season; species; log10 S = c + m log10 Area, density; D = c + m log10 area. 

Response model constant slope F1,12 P R2 
Dry      
Species  1.46 0.04 1.86 0.20 0.38 
Density  20.34 – 3.10 2.12 0.176 0.18 
Wet      
Species  1.45 0.41 2.77 0.1 0.20 
Density  18.21 –3.55 2.575 0.14 0.20 
 

Although species-area relationships were not significant during either the wet or dry 

seasons (Table 3.9), they were significantly different (paired t-test, t  = 3.031, df = 

12, P = 0.01). Slightly higher species richness observed during the dry season (n = 

64) than the wet season (n = 63) mostly dominated by singletons (n = 8).  
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3.3.7 Effects of seasonality on mangrove bird diversity 

Species richness varied significantly among months (F 13, 130 = 4.077 P = 0.01, t = 

3.031), while their density did not (F 13, 130 = 5.54, P = 0.065, t = -2.033) (Figure 

3.15). The mean bird density among sites was higher in the dry season (12.01 ind.ha-

1; SE = 0.37) than the wet season (9.39 ind.ha-1; SE = 0.30).  However, bird density 

did not vary significantly between seasons (paired t-test, t = -2.062, df = 11, P 

=0.064). 

Bird density varied over the year from 8.2 ind.ha-1 (SE =0.7) in October to 

15.4 ind.ha-1 (SE = 1.2) in April. Bird species composition changed seasonally; mean 

species richness at a site ranged from 22.9 (SE = 1.3) species in March to 16.3 (SE = 

1.5) species in July. There were positive but weak correlation between bird density 

and richness during the dry (F 1, 11 = 1.68, P = 0.2, R2 = 0.14) and wet (F 1, 11 = 2.8, P 

= 0.1, R2 = 0.2). Thus, changes in bird species richness between seasons were 

accompanied by slight changes in bird density, suggesting that changes in bird 

composition between seasons regulate bird density within patches (Figure 3.16). 

 

3.4 Discussion 

Mangrove forest represent an important habitat for birds in many parts of the world 

(India - Gopi and Pandav, 2007; South America - Lefebvre and Poulin, 1997; Mestre 

et al., 2007; Malaysia – Noske, 1995; Singapore – Sodhi et al., 1997), especially 

Australia (e.g. Johnstone, 1990; Kutt, 2007; Noske, 1996; Metcalfe, 2007), as they 

provide  and roosting sites with abundant food resources . In this study four 

functional groups of species were identified for investigating the community ecology 

of mangrove birds, and species-area trends were different among these groups.  

There was a strong effect of the surrounding habitats (matrix) on the mangrove bird 

community, with species from the matrix accounting for over 45% of species. This 

explains, in part, why total species richness was not dependent on mangrove area. 

However, the species richness of interior, insectivore and mangrove dependent 

species was area-dependent and it is the species in these groups that define mangrove 

bird communities.  

 

3.4.1 Species diversity and density 

In South East Asia where the diversity of mangrove vegetation is comparable to that 

in Australia some 42 to 47 bird species have been recorded in the fragmented 
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mangroves of Singapore and Peninsular Malaysia, respectively (Noske, 1995; Sodhi 

et al., 1997). Birds from the matrix were included in the latter estimates. In this 

study, excluding migratory birds, parrots, water birds and aerial insectivores, 

cumulative species richness from this study (70 species) is higher than recorded by 

Metcalfe (2007) (56 species) and Noske (1998) (54 species) from the Darwin region.  

However, the mean species richness of sites (mean = 40.85 species, SE = 1.81) is 

lower than the species richness reported by either of these authors. Woinarski et al. 

(1988) recorded only 29 species in the Darwin mangroves, including only four 

species strictly restricted to mangrove, and except for the mangrove gerygone, the 

other three species were recorded from fewer than 5 censuses (mangrove fantail, 

mangrove golden whistler and great-billed heron). Only eight out of 11 bird species 

considered mangrove specialists by Noske (1996) were recorded in the survey by 

Woinarski et al. (1988), with two of these mangrove specialists (black butcherbird 

and red-headed honeyeater) also observed outside the mangrove complex. It is 

possible that point sampling as adopted by Metcalfe (2007) and Woinarski et al. 

(1988) may yield a lower encounter rate and is a less effective method for surveying 

species richness in dense forest. The only MDS recorded by Noske (1996) but not 

observed by Metcalfe (2007), Woinarski et al. (1988) or in this study was the white-

breasted whistler. This stenotopic species is locally rare and occurs in few mangrove 

fragments in the Top End and in Western Australia (Johnstone, 1990).  

In this study, for the most part, mangrove bird species richness was area-

dependent. In very small mangrove patches transient species from the matrix inflated 

species richness. Species with fewer than 20 observations were mainly woodland 

species, a finding supported by Woinarski et al. (1988). The species composition and 

richness was similar among smaller patches suggesting that species packing has led 

to saturated communities with dominance by species from the matrix. Larger patches 

generally had lower evenness of species richness and interior species were 

numerically dominant.  Eight species recognised as common in monsoon forest 

(Woinarski, 1993) were also recorded in this study.  

Bird densities in mangroves range from 12 ind.ha-1 in Australia (Woinarski et 

al., 1988) to 26 ind.ha-1 in Peninsular Malaysia (Noske, 1995). Mangrove bird 

density in this study (11.7 ind.ha-1) was higher than in woodland (9.4 ind.ha-1; 

Woinarski and Tidemann, 1991) but comparable with estimates for mangroves in the 

Northern Territory (Woinarski et al., 1988; Noske, 1996). The mean bird density in 
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mangrove patches ranges from 12 ind.ha-1 for sub-coastal mangroves on the Howard 

Peninsula (Woinarski et al., 1988), through 20.7 ind.ha-1 near Palmerston (a section 

of Darwin Harbour) (Noske, 1996) to 15.8 ind.ha-1 for several mangrove sites in the 

Darwin harbour area (Metcalfe, 2007). However, Metcalfe (2007) included aerial and 

water birds and recorded mean densities of 13.43 ind.ha-1 in disturbed mangrove and 

15.83 ind.ha-1 in undisturbed mangrove. Similar to Metcalfe (2007) Sodhi et al. 

(1997) also recorded 15.2 ind.ha-1 in Singapore mangroves.  

The bird density of the smallest site in this study was overestimated while 

rarer or cryptic species (e.g. chestnut rail, mangrove grey fantail, and little shrike-

thrush) were probably under estimated. However variable width transects made 

allowances for the cryptic species recorded in the mangroves. The density estimates 

of Woinarski et al. (1988) were based on a relatively rapid assessment (10  counts 

over two months) using quadrats, while Noske (1988) made 36 counts over three 

years along four transect lines, each 200m long and separated by 50m, at a single 

site. As several mangrove bird species are confined to certain mangrove zones and 

avoid other (Noske 1988; current study), if these zones are not adequately sampled or 

represented in a survey, species density might be expected to be underestimated. 

With increasing evidence for the influence of the surrounding matrix on mangrove 

bird assemblage richness, density estimation must consider the habitat heterogeneity 

and seasonal resource availability. 

  

3.4.2 Effects of seasonality on the mangrove bird community 

In the monsoon tropics, the variation in bird density among communities has been 

attributed to variation in resource availability and requirements of the breeding 

season with peaks during the dry season when food resources are abundant 

(Woinarski and Tidemann, 1991; Noske 1996; Noske and Franklin, 1999). Seasonal 

occupancy of the mangroves by some species was observed in this study (e.g. dry 

season visitors- black-faced cuckoo-shrike; wet season visitors- dollarbird). However 

seasonal changes in species richness were not compensated by changes in density. 

Although total bird density varied among months, species richness was correlated 

weakly with this variation. The total densities in April and May (the transition 

between the wet and dry seasons; 15.4 ± 1.21 ind.ha-1 and 14.8 ± 0.95 ind.ha-1, 

respectively) were lower than those estimated by Noske (1996), but slightly higher 
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than that estimated by Woinarski et al. (1988) (12 ind.ha-1).  There was a temporary 

influx of species from the matrix during the dry season.  

The seasonal shifts in species composition cause instability in the richness 

and density of the mangrove bird assemblages. Although the seasons were not re-

sampled in the present study the seasonal variation in density is consistent with the 

findings of Noske (1996) and Metcalfe (2007). Seasonal changes in avifauna (and 

richness) are minimal in the mangroves (and rainforests), compared to savanna 

woodlands, which experience an influx of dry season migrants. Even though 

sampling was carried out for only 14 months the species richness and density trends 

were similar to Noske (1996) who conducted 3 years of field work in the mangroves. 

Metcalfe (2007) and Noske (1996) showed that almost half of the bird species are 

sedentary. However this applies best to large mangrove patches, not so much the 

small patches, where their size may limit the number of territories occupied by 

honeyeaters. Noske (1996) also found that even the most vagile group, honeyeaters, 

are only locally vagile. Seasonal fluctuations in density are mostly due to movements 

of nectarivores (mainly red-headed and brown honeyeaters), which are locally vagile 

but not migratory. Given the distance between mangrove patches is it unlikely that 

locally vagile species moved between study sites.  

 

3.4.3 Species-area relationships 

The species–area relationship described by IBT has been used to suggest that bigger 

patches are needed to maintain species diversity (MacArthur and Wilson, 1967). In 

tropical rainforest small fragments generally contain fewer bird species than large 

fragments (Lees and Peres, 2006). In contrast, this island effect was not as marked in 

mangrove patches as species from the matrix tended to increase species richness, 

especially for smaller patches where they can penetrate the whole mangrove area. 

Paradoxically, large continuous mangrove patches supported fewer species than 

smaller fragments. Thus patch size is not the only important determinant of bird 

species richness in mangroves. 

The habitat matrix has been implicated in bird species-area relationships in 

several studies (Gascon et al., 1999; Fisher et al., 2006; Kutt, 2007; Lindenmayer 

and Fisher, 2006; Lindenmayer et al., 2009). For example, small forest fragments in 

a tree plantation matrix had higher richness than large patches (Estades and Temple 

1999; Wethered and Lawes, 2003) in a grassland matrix (Wethered and Lawes, 
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2003). Similarly, patch size and isolation had less influence on bird species richness 

in sand forest in Southern Mozambique than the surrounding grassland and woodland 

(Wilson et al., 2007). Additionally Kutt (2007) found that many matrix species were 

found in relatively small mangrove patches near Cairns, Queensland. 

Species richness in mangroves increases with the number of surrounding 

matrix habitats. Structurally complex matrices often provide greater landscape 

connectivity and reduce edge effects, which in turn increase bird species richness in 

the matrix (Fischer et al., 2006). Consistent with the latter trend, the species richness 

of mangrove patches within a structurally simple savanna woodland matrix was 

generally poorer than those embedded in structurally complex paperbark swamps, 

monsoon rainforest. The diversity of mangrove birds is clearly only partly 

determined by the diversity and complexity of mangrove vegetation. Other factors 

such as the , diffuse competition with species from neighbouring habitats, 

geographical barriers and the degree of mobility of species, are all believed to 

influence the abundance and number of species adapted to mangroves in Australia 

(Ford, 1980; Kutt, 2007).  

Species-area curves had a very shallow slope for the interior species group 

and overall. In this study patches were relatively small so a shallow slope (z) was 

expected. Species turnover and accumulation or relaxation rates were much lower in 

mangrove than in other fragmented tropical rainforests (e.g. z = 0.34, Watson et al., 

2004) but similar to slopes recorded from fragmented temperate forests in a hostile 

grassland or plantation matrix (z = 0.0 – 0.07, Wethered and Lawes 2003). The 

interior species had the slowest rate of species relaxation while mangrove dependent 

species had the highest (Table 3.8). Species-area slopes (z) in the range 0.20 – 0.35 

are typical of patches whose species richness is at equilibrium (MacArthur and 

Wilson, 1963; 1967) further suggest that mangrove bird assemblage is not in 

equilibrium. Only mangrove dependent birds approach these slope values (z =0.104) 

and are clearly area-dependent and vulnerable to further fragmentation effects of 

local extinction. Similarly in a tropical rainforest, species-area curves for forest 

interior species had a higher z value (z = 0.359) compared to other bird assemblages 

(forest dependent species z = 0.25; all species z = 0.188; generalist species z = 0.137) 

(Lees and Peres, 2006).   

The MCPS estimation for mangrove dependent species was derived under the 

assumption that the mangrove habitat was not heavily disturbed. The number of 



 67 

mangrove dependent species decreased in patches of less than 595 ha (Figure 3.8), 

presumably due to ‘island’ area effects. Conserving large continuous mangrove areas 

should be a priority and it is noteworthy that Charles Darwin National Park is the 

only large mangrove reserve in the Northern Territory.  

Reduction in mangrove area may cause the loss of area-sensitive species 

while generalists that can tolerate the matrix should remain stable (i.e., be 

represented in almost all communities) or increase in density. In general, habitat-

dependent species are very sensitive to habitat loss and fragmentation (e.g. Watson et 

al., 2004; Wilson et al., 2007). For example, in littoral forests of south-eastern 

Madagascar, the presence of most forest-dependent species, many of which were 

considered widespread and common, was found to be strongly area-dependent 

(Watson et al., 2004). Similarly, Lees and Peres (2006) found that forest dependent 

and interior bird species of the Amazon had a significant positive species-area 

relationship when compared to non-forest, scrub and open-country species. The 

MCPS for mangrove dependent species is large because most of these species are by-

and-large habitat specialists and require large areas to sustain viable populations. In 

addition, small mangrove patches are invaded by species from the matrix that may 

not outcompete mangrove specialists (mangrove dependent and interior species) as 

they may only exploit abundant food resources temporarily. In general the MCPS for 

mangrove dependent bird communities appears to be determined by the abundance 

and availability of resources.  

The loss of biodiversity may have adverse effects on ecosystem stability, 

even if it has a minimal effect on the level of ecosystem functioning (Fischer et al., 

2006; Jiang, 2007). Mangrove birds may play an important role in mangrove 

ecosystem functioning by reducing populations of herbivorous insects and 

pollinating certain mangrove plants (Noske, 2003). Of the various functional guilds, 

only insectivore species richness showed a significant relationship with mangrove 

patch area, suggesting that larger mangrove areas provided variability in abundance 

and resources for this guild alone, with a concomitant increase in species richness 

(Table 3.7). Being floristically depauperate, mangrove communities provide a 

limited number of nectar producing plant species (e.g. Bruguiera exaristata, 

Sonneratia alba). As expected the remaining functional guilds (scavenger, granivore, 

and seed disperser) did not show any significant relationships with area and isolation 

as most species do not specifically depend on the mangroves to forage. Most of the 
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species from these guilds have also been observed foraging outside of the mangrove 

complex (e.g. Woinarski et al., 1988; Woinarski and Tidemann 1991; Woinarski, 

1993).  

Although the function-area relationship is based on the unrealistic assumption 

of random species loss, and many species are assigned to more than one ecological 

function, the method does provide new insights to the size of patch and the number 

of species needed to maintain the maximum number of functional guilds and 

ecosystem function (Cummings and Child, 2009). If the species-area and function-

area curves are far apart this suggests that new species do not add new functions (i.e., 

a high level of species redundancy) and the ecosystem function is highly resilient to 

species loss (Cummings and Child, 2009). Theoretically, the patch area and number 

of bird species that can be lost from mangrove systems before a decline in ecological 

function were 267 ha and 7 species, respectively. Combining this information with 

the estimate of MCPS, to maintain high functional guild diversity and to reduce the 

island effect, the patch size should be at least 267ha and 595 ha, respectively.  

 

3.4.4 Density compensation and density-area relationships 

Niche theory predicts that individuals should experience ecological release and less 

interspecific competition at species-poor sites even though population density is 

higher (Wright, 1980). There was no evidence of density compensation in this study. 

Because of the proximity of the matrix, small mangrove patches often had as many 

species and similar densities as larger patches. If exploitation competition determines 

density compensation within a functional guild, then species from more diverse 

communities should harvest resources more efficiently by expanding their niche 

breadth or foraging strategy compared to species from isolated patches, where there 

are fewer competing species and maximum consumer efficiency can suggest 

minimum resource density (Wright, 1980). This is not the case in mangroves as a 

substantial proportion of the mangrove bird assemblage comprises species typical of 

woodlands and monsoon rainforests. These species may only be able to maintain a 

minimum population density in sub-optimal habitat, and possibly only for limit 

periods when target resources are available, which may explain the lack of density 

compensation in the overall bird community despite relatively low species richness 

(Diamond, 1970). Moreover, density compensation was not detected for the other 

functional groups of mangrove bird species. Niche partitioning among mangrove 
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dependent species may preclude the need for density compensation among these 

species. [see later Chapter] 

Bird density increased as patch size decreased in the mangroves. When edge 

effects are positive, such as an influx of species from the adjacent matrix in to the 

mangroves, a negative relationship between patch size and population density is 

expected (Bowman et al., 2002). Many species exhibit population densities that 

either decrease, or at least do not increase, with increasing patch size when 

immigration is a dominant process affecting population density in a habitat patch 

(Bowman et al., 2002). Most mangrove dependent species are not strong dispersers 

and less common at the edge of mangrove patches. 

The research questions regarding bird community and area related dynamic 

was tested and addressed. Strong matrices effects have rejected the IBT hypothesis at 

the overall species level. Since mangrove ecosystem potentially be the first to be 

affected by global warming and rising sea level (Ellison and Farnsworth, 1997) 

mangrove dependent species which are poor dispersers may be affected by the sea 

level rise. However maintaining large and complex structure of mangroves is vital 

for species which are area-sensitive and confined to mangroves where adjacent areas 

are uninhabitable by many mangrove dependent species. These factors need to be 

critically considered in planning process of new mangrove reserves in Darwin region 

which is needed. 
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CHAPTER 4 

 

Null Model Analysis of Nestedness and Species Co-

Occurrence of Bird Assemblages in Mangrove Forests 
 

4.1 Introduction 

 

Comparison of patterns of species distribution in space and time in similar 

environments has been the cornerstone of community ecology and whether 

communities are equilibrium or not (MacArthur and Wilson 1963). Patterson and 

Atmar (1986) described community structure based on both species composition and 

commonness. In many natural and human fragmented habitats, faunal assemblages 

may form nested subsets, where the species composition of smaller habitat patches is 

a subset of the composition of larger patches of similar habitat (Blake, 1991; Bolger 

et al., 1991; Cutler, 1991; Patterson, 1987; Patterson and Atmar 1986). Nested subset 

theory is useful to conservation ecologists because it can reveal whether species 

composition of communities is randomly or deterministically assembled (Cutler, 

1991; Atmar and Patterson, 1993; Patterson, 1990; Lomolino, 1996; Fleishman et al., 

2002; Maron et al., 2004). Understanding causality of pattern in mangrove avian 

community is important because: (1) it has implications for reserve selection (in a 

nested series only the largest community holds all species); (2) assists in determining 

the relative vulnerabilities of species to extinction and in identifying conservation 

precedence (Cutler, 1991; Maron et al., 2004; Wethered and Lawes, 2005); and (3) 

aids in the identification of life-history correlates of the vulnerability of species to 

habitat or disturbance specific fragmentation ( Fleishman et al., 2002; Ferraz et al., 

2003; Pimm et al., 2006; Harris and Pimm, 2008; Manne et al., 1999;). Simple and 

species poor habitats are more likely than complex habitats to have nested 

community composition (Doak and Mills, 1994; Ovaskainen, 2002; Wethered and 

Lawes, 2005; Wright et al., 1998;). 

Wilcove et al. (1986) defined habitat fragmentation as the transformation of a 

large expanse of habitat into a number of smaller patches of a smaller area, isolated 

from each other by a matrix of habitat unlike the original. Many species from a wide 
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variety of habitats are affected by habitat fragmentation, in most cases declines in 

abundance occur and extirpation is not uncommon (Lindenmayer and Fischer 2006). 

The conversion of several large continuous mangrove forests around Darwin harbour 

for human uses has fragmented these forests and in some cases isolated them. Thus 

understanding the patterns of species loss and survival in fragmented mangrove 

habitats is essential to their biodiversity management.   

 In a perfectly nested system, any species present at a given site will be found 

at all sites with equal or greater species richness, and any species absent from a 

particular site will be absent from all less rich sites as well (Moore and Swihart, 

2007). Thus in a nested series many differences in species presence or occurrence 

between sites are predictable (Patterson and Atmar, 1986). A species occurring in a 

depauperate fauna is expected to occur in all richer faunas, where a narrowly 

distributed or rare species will occur only in rich faunas, while depauperate 

communities comprise abundant, widespread species (Cutler, 1991). Selective 

immigration and selective extinction has been variously attributed to these patterns 

(Cutler, 1991; Lomolino, 1996). Smaller fragments selectively lose species that are 

habitat specialists with low abundance, where the same species may have a better 

chance of surviving in larger or less isolated fragments (Ulrich et al., 2009). 

However, a mixture of different mechanisms can also lead to a nested pattern, some 

of which are deterministic while others are stochastic (Ulrich et al., 2009).  

The degree of nestedness can be affected by selective extinction of species in 

deterministic order from sites too small to sustain them, deterministic patterns of 

colonization of sites in relation to size and isolation, nested habitats or niche space, 

fragmentation and passive sampling (Lomolino, 1996; Martinez-Morales, 2005; 

Ulrich and Gotelli, 2007; Wethered and Lawes, 2005). Selective extinction is 

undoubtedly a major driver of nestedness of many assemblages. Where selective 

extinction is likely, nested assemblages are defined by a sequence of predictable 

extinctions (Lidenmayer and Fischer, 2006).  On the other hand, selective 

immigration is highly influenced by the dispersal ability of the nested species within 

an assemblage; where the most commonly distributed species among patches 

normally have the best dispersal ability and are often generalists (Morin, 1999). 

Nested patterns of species occupancy may arise in response to severe disturbance 

because surviving species are most likely generalists, able to use a diverse range of 

habitats (e.g. Woinarski et al., 2001).  
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Nested habitats may also influence the degree of nestedness, where 

structurally simple environments include a subset of those species established in 

structurally more complex environments (Lindenmayer and Fischer, 2006). In order 

to test the nestedness hypothesis all the patches must share the same biogeographic 

history with similar environmental conditions and the niche associations of species 

are organized hierarchically (Lidenmayer and Fischer, 2006; Patterson and Brown, 

1991). All the mangroves patches and bird species within the Darwin region meet 

these criteria. 

Nested patterns of community composition have been considered variations 

of ordered colonisation or extinction along environmental gradients such as 

topographic heterogeneity, habitat diversity, disturbance, matrix heterogeneity, 

matrix tolerance and edge-effects (Lomolino, 1996; Patterson and Atmar, 1986; 

Ulrich et al., 2009; Wethered and Lawes, 2005). Although habitat fragmentation is 

not a direct cause of nestedness, it is expected to create a nested pattern because 

fragmented landscapes are characterized by patches that differ in size and relative 

isolation (Martínes-Morales, 2005; Ulrich et al., 2009). However, explanations for 

nested patterns do not necessarily invoke biotic interaction, such as competition, as 

the structuring mechanism for community assembly.  

Competitive interactions between species within patches could result in non-

random patterns of species co-occurrence in which some species never co-occur 

(checkerboard distribution), while others do co-occur (permissible combinations) 

(Diamond, 1975). A checkerboard distribution is the simplest pattern of co-

occurrence that suggests a possible role for competition in structuring communities 

(Horner-Devine et al., 2007). Gotelli and McCabe (2002) demonstrated for a variety 

of taxa that species co-occurrence is usually less than expected by chance which 

further supported Diamond’s (1975) suggestion that competitive interactions play a 

generally important role in structuring many species assemblages. To date no study 

has so far investigated patterns of nestedness and species-co-occurrence in the 

context of mangrove bird species assemblage. 

In this chapter I examine the causality of nestedness in the mangroves and 

further explore effect of patch size, isolation and matrix type on the pattern of species 

nestedness in mangroves. I also investigate species co-occurrence as a possible 

explanation for observed patterns. In addition to conducting analyses for the whole 

species assemblage, the difference in the outcome of nestedness and co-occurrence 
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for different subsets of species and surrounding matrix was also investigated. In the 

case of analyses testing for negative species associations this was predicted on the 

assumption that non-random co-occurrence patterns are less likely to be detected at 

the assemblage level as bird species composition consist of large number of 

ecologically disparate species distributed in various mangrove zone that obviously do 

not compete for resources. The mechanisms underlying the observed patterns of bird 

community assembly were investigated with the following questions:  

a. How do different types of species assemblage (i.e. overall species, 

insectivores, foliage gleaners, etc.) and the type of surrounding matrix 

(woodland matrix) influences nestedness pattern? 

b. What is the role of competition in structuring bird species composition in 

the mangroves? 

c. How does the patch size and body mass influence the species’ occurrence 

in a mangrove patch? 

 

4.2 Methods 

 

4.2.1 Study sites and bird census 

Thirteen mangrove patches of varying size with different surrounding habitat 

matrices were selected. These matrices included savanna woodland (n = 6), monsoon 

rainforest (n = 2), vine thickets (n = 2) (hereafter, monsoon rainforest and vine 

thicket are referred to as monsoon rainforest or rainforest), Melaleuca woodland (n = 

1), grassland (n = 1) and suburban development (n = 5). Some of the sites were 

bounded by two or more of these habitats but savanna woodland habitat dominated. 

Mangrove forest in this study was not recently colonized (by mangrove species) and 

neither are they fragments of larger mangroves, so that bird species composition is 

not expected to be a subset of a larger patch (Metcalfe, 2007; Noske, pers com.). The 

area and isolation of mangrove patches was estimated from satellite photographs 

(Quick bird satellite image - pan-sharpened 60cm resolution, 1994). Isolation was 

measured as the straight line distance between the two closest large patches of over 

250 ha and the mean value was used. Detailed description of study sites and 

measurements were explained in Chapter 2.  

Birds were censused twice a month at each site over 14 months (February 

2007 to May 2008). The variable width line transect method was used to estimate the 
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richness of a patch (Bibby et al., 1992; see Chapter 2, this study). These transects 

traversed all the mangrove zones within a patch. Line transect length was adjusted 

for patch size to fit area-proportional sampling. The risk of artificial nestedness (Mac 

Nally et al., 2002; Lindenmayer et al., 2003) was low in this study as sampling 

saturation was demonstrated (Chapter 2) and species observed outside the survey 

period were also taken into consideration. Birds have high functional ecosystem 

significance (Sekercioglu, 2006) so it is important to evaluate if patterns describe 

predictable mangrove bird assemblages according to functional guilds. The co-

occurrence analysis allows testing for non-random patterns of species co-occurrence 

in a presence-absence matrix. Null model analysis of species co-occurrence (Gotelli 

and Graves, 1996) and nestedness was used to understand if a non-random pattern 

was present in the mangroves.  

 

4.2.2 Nested subset analysis 

The nestedness of bird species composition in mangrove forest patches was 

examined using species presence-absence data. There are three processes involved in 

a nestedness analysis: (1) quantification of the pattern of nestedness by metric 

calculation; (2) determining the statistical significance of the metric by using an 

appropriate randomization test to define a null model for comparison; and (3) 

determining the underlying mechanism that generated the pattern of nestedness 

(Ulrich et al., 2009).  

Nestedness data are organized in a presence-absence matrix where each row 

is a species, each column is a site and the entries indicate the presence represented by 

the abundance of a species in a site. The matrix may be ordered by marginal row and 

column sums, with shared and common species placed in the upper rows and species 

rich sites placed in the left-hand columns. As a result of such data organisation, 

nestedness is expressed as a concentration of presence in the upper left triangle of the 

matrix (Ulrich et al., 2009). The unexpected presences or outliers and absences are 

counted to determine the departure of the matrix from a perfectly nested subset 

model (Cutler, 1991). Since there are various causes of nestedness, patterns of non-

random structure were tested for several species groups (e.g. functional guilds, 

mangrove dependent species, total species, and interior species) and for the influence 

of different matrix habitats. A guild is defined as a group of species which uses the 

same resources in a similar way (Root, 1967). Functional guilds sometimes are 
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broadly categorized where the assemblages represented in the group do not 

correspond to true ecological guilds (Sekercioglu, 2006; Simberloff and Dayan, 

1991). Taking the latter into account, the nestedness pattern was also tested for more 

finely partitioned groupings, based on foraging guild.  

N0 is the frequency with which a species is absent from richer sites than the 

poorer sites (Patterson and Atmar, 1986); N1 is of the sum of a species presence in 

patches with poorer richness than the richest patch in which it occurs; Ua is of the 

sum of the unexpected absences of species from species rich patches; and Up is the 

sum of unexpected presences of a species from species poor patches (Cutler, 1991). 

Br is the number of discrepancies (presence or absence) from a perfectly nested 

matrix (Brualdi and Sanderson, 1999). Using the program NESTEDNESS version 2; 

11.06  (Ulrich, 2006), Cutler’s (1991) Up was used as the preferred indices of 

nestedness because it takes into account unexpected presences (Ulrich & Gotelli, 

2007). The Z- transformed score was used (Z = [ x – μ] / σ) to compare the observed 

indices (x – observed index value, μ- mean, σ- standard deviation of the 100 index 

values from the simulated matrices) because it is derived from meta analysis and can 

compare results from different algorithms (Gurevitch et al., 1992; Gotelli and 

McCabe, 2002; Ulrich and Gotelli, 2007). Z-values below -2.0 or above 2.0 indicate 

approximate statistical significance at the 5% error level (two tailed test) (Ulrich and 

Gotelli, 2007). Only the Z value for Up was used in this study to evaluate the 

significance of nestedness pattern. In NESTEDNESS, the model for randomization 

was set for fixed row and column constrains (model - s) which is recommended to 

avoid type I error (Ulrich and Gotelli, 2007) and 1000 iterations were used to 

computing standard deviation about the null model. Randomization models that keep 

both row and column total constant have been described and discussed (Sanderson et 

al., 1998; Brualdi and Sanderson, 1999). Minimum distance to the diagonal 

borderline was set to default = 0.5, where cells nearer to the borderline area 

excluded. The algorithm was sorted by richness (S) to pack the matrix to minimize 

the unexpected occurrences or absences.   

 

4.2.3 Potential causes of nestedness 

 

Selective extinction and differential immigration have been shown to influence 

nested structure (Cutler, 1994; Lomolino, 1996; Wethered and Lawes, 2003). The 
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causality of nested structure was examined using Lomolino’s (1996) method to test if 

differential immigration or selective extinction influenced the pattern of nestedness. 

The statistical significance of nestedness was determined by comparing the 

observed D values for each matrix to those obtained for randomly ordered matrices 

and calculated as the proportion (P) of 1000 random simulation with D values <  to 

that of the ordered matrices. To compare matrices ordered by isolation or area, 

nestedness was explained as a percent of the perfect nestedness (%PN) where %PN = 

100 x [(R – D) / R], and where D is the number of departures in the ordered matrix 

and R is the mean number of departures for 1000 randomly ordered matrices. The 

number of departures (D) is the number of times the absence of a species was 

followed by its presence in the matrix.  

 

4.2.4 Co-occurrence patterns 

Two co-occurrence indices were used to quantify patterns of categorical co-

occurrence for each species assemblage and surrounding matrix category using data 

sets independently. To test if the species distribution is a non-random process it is 

important to decide what is expected by chance by formation of random matrices and 

statistics which measures the discrepancy between the observed distribution and 

distribution generated by chance (Sanderson et al., 1998). First, the checkerboard 

index (Cb) which calculates the number of species pairs that never occur together. 

The Cb value is based on the number of perfect checkerboard units in an incident 

matrix (Horner-Devine et al., 2007). Because this index requires a perfect 

checkerboard to increase the value, it is more stringent than the C-score (see below) 

and may not always detect patterns of negative co-occurrence and it is also more 

sensitive to random error than the C-score (Gotelli and Entsminger, 2001). The 

second community structure index used was the C-score (Stone and Roberts, 1990), 

which is based on the average co-occurrence of all species pairs and relatively less 

sensitive to noise in the data and not prone to Type I and Type II errors (Gotelli, 

2000). In addition, the C-score index can detect non-random patterns in a real matrix 

that does not display a perfect checkerboard pattern (Gotelli, 2000). If an assemblage 

is structured by competition, observed communities should have larger C-scores and 

more checkerboard pairs (Gotelli and Ellison, 2002). 

The significance of the co-occurrence indices was tested using the Ecosim 7.0 

program (Gotelli and Entsminger, 2001). Co-occurrence analyses were based on a 
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presence-absence matrix. The C-values were calculated and compared to 5000 

randomly assembled communities. The default setting of the EcoSim 7.0 software 

was used to conduct the null model analysis. The default randomization algorithm 

was maintained with fixed sums for row and column constraints with the sequential 

swap algorithm (Gotelli and Entsminger, 2001). Thus, each matrix generated had the 

same row and column totals as the original matrix. In a competitively structured 

community, the observed C-values should be significantly larger than the C-values 

produced by the null distribution (Gotelli and Entsminger, 2001). To make the results 

comparable, a standardized effective size (SES) was calculated for each assemblage 

to compare the degree of co-occurrence using the formula SES = (Iobs – Isim) /Ssim, 

where Iobs is the observed incident matrix, Isim is the mean of 5000 indices generated 

from the simulated null model matrices and Ssim is the standard deviation of 500 

simulated communities (Gotelli and Entsminger, 2001). SES values below -2.0 or 

above 2.0 indicate non-random species aggregation with approximate statistical 

significance of P>0.05. 

 

4.2.5 Testing the effect of area and bird biomass on species occupancy 

A generalised linear model was used to fit the main effects of patch size and body 

mass on species occupancy of a patch. Mean value for body mass was sourced from 

the literature: Marchant, and Higgins (1990a, 1990b, 1993), Higgins and Davis 

(1996), Higgins (1999), Higgins and Peter (2001) and Higgins et al. (2006). The 

species were separated into mangrove dependent species (MDS) and non-dependent 

species. The response variable was species presence or absence (70 species) and a 

logit-link function for binomial data was used (McCullagh and Nelder, 1989). From 

this analysis I derived the probability of species occupancy as a function of 

mangrove patch size and body mass and display these relationships graphically. The 

relative importance of the explanatory variables was evaluated from AIC weights 

based on AICc, a second order form of AIC appropriate for both large and small 

sample sizes (Burnham and Anderson, 2002). The weight of evidence (w+) for each 

fixed effect was calculated as the sum of the AIC weights for all the models in which 

the effect was present (Burnham and Anderson, 2002). 
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4.3 Results 

 

4.3.1 Nested subset analysis 

Approximately 24% of the 70 species including 3 MDS were observed in all the 

mangrove patches (Table 4.1). Overall bird assemblage structure in the mangroves 

did not show a nested pattern (ZUp = 1.56) and was outlier dominated (Up = 64.27) 

suggesting that transient species and edge species from the surrounding matrices 

were responsible for the noisy nested structure.  The overall species matrix was filled 

mostly by common species from the surrounding matrices (e.g. golden headed 

cisticola, striated pardalote, banded honeyeater; Table 4.1).  

In general, mangrove species assemblages were most nested when embedded 

in a single matrix type (ZUp = 3.08) (Table 4.2). Species assemblages in mangroves 

surrounded only by savanna woodlands showed a significant nested pattern (ZUp = 

2.19), supporting the notion that mangroves have many empty niches, and where a 

diversity of habitats occur in the surrounding matrix a diversity of species occur in 

mangroves dampening nested trends (Table 4.2).  Savanna is the dominant matrix 

habitat and the main source of colonizers of mangroves.  

Unexpectedly, MDS did not show a nestedness pattern and seven of the 11 

mangrove dependent species occurred in at least 11 sites (ZUp = 1.05) with few 

unexplained absences (holes) (Ua = 3.08) (Table 4.3). The insectivorous guild was 

the least nested functional guild (ZUp = -0.26). This is because many of the 

insectivorous species in the mangroves are transient species from the surrounding 

matrices and increases species richness in poorer patches (N1 = 110). However when 

the insectivores are subdivided into more finely partitioned group of foliage gleaners 

(including insect gleaning honeyeaters), a significant nested pattern was observed 

(ZUp) = 2.02).  
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Table 4.1. Species occupancy matrix showing pattern of nestedness (shaded) for the 

total compliment of bird species (relative abundance) in mangrove patches. Three 

MDS (bold) occurred at all sites. See Table 4.2 for site labels*. 
 BC CCR EAB RC LNR EP NGLF EAT LLA EAH BV CDNP MDL 
Bar-shouldered dove 57 58 30 148 97 50 27 37 90 28 32 37 17 
Black butcherbird 17 20 10 14 1 25 3 6 13 6 6 34 17 
Brown honeyeater 277 108 152 319 159 217 82 182 64 178 71 627 16 
Double-barrered finch 15 13 25 28 4 28 9 22 16 9 11 2 6 
Helmeted Friarbird 20 26 10 53 11 40 26 10 29 26 8 26 9 
Large-billed gerygone 66 54 40 65 14 42 7 30 91 12 28 46 10 
Lemon-bellied flycatcher 86 32 34 74 114 112 51 22 48 83 19 4 10 
Little bronze cuckoo 37 23 14 18 11 16 6 9 12 8 10 41 1 
Northern fantail 20 14 9 3 10 28 3 2 20 5 2 15 5 
Rainbow bee-eater 35 35 15 28 24 22 11 13 10 13 8 26 4 
Red-headed honeyeater 246 157 128 344 2 124 41 158 178 131 130 401 44 
Rufous-banded honeyeater 19 12 5 27 481 23 46 7 45 59 12 8 5 
Sacred kingfisher 19 13 7 17 6 9 3 3 7 11 5 6 5 
Shining flycatcher 65 15 28 42 35 53 9 26 47 6 10 104 2 
Varied triller 31 30 19 10 1 11 1 12 9 9 20 24 9 
White-bellied cuckoo-shrike 9 13 6 6 18 14 5 2 8 19 6 7 7 
Yellow white-eye 61 38 28 87 24 42 9 38 49 49 30 163 4 
Green-backed gerygone 17 28 15 9 0 5 1 6 4 14 2 5 11 
Mangrove gerygone 145 44 24 154 174 121 2 104 151 82 40 163 0 
Broad-billed flycatcher 32 7 16 25 11 43 32 12 34 6 2 29 0 
White-gaped honeyeater 12 43 11 34 6 43 31 2 23 2 13 0 23 
Yellow oriole 37 35 20 13 2 17 3 3 7 3 0 2 9 
Peaceful dove 9 12 4 14 41 7 11 8 2 6 1 2 0 
Striated heron 10 5 1 7 0 20 12 4 1 10 1 0 1 
Collared kingfisher 7 1 20 1 0 41 25 16 79 39 31 18 0 
Spangled drongo 6 12 2 4 2 2 2 1 2 0 1 0 1 
Mistletoebird 5 1 1 14 4 5 7 0 13 0 6 0 7 
Grey whistler 59 48 14 14 8 6 0 10 42 0 0 28 9 
Figbird 6 9 1 15 5 6 2 0 2 3 0 0 1 
Magpie-lark 0 3 4 1 15 0 2 5 2 5 5 0 2 
Azure kingfisher 9 5 2 1 8 4 1 2 1 1 0 0 0 
Leaden flycatcher 6 4 1 0 8 1 1 1 0 4 0 4 0 
Brush cuckoo 8 9 1 4 0 5 1 0 0 1 1 0 1 
Little kingfisher 11 4 4 1 1 5 0 2 2 0 0 0 0 
Chestnut rail 52 1 13 7 0 0 0 35 0 4 12 72 0 
Mangrove golden whistler 3 0 1 0 39 13 10 0 0 0 2 52 0 
Black-faced cuckoo-shrike 1 0 0 2 1 1 0 1 2 0 0 1 0 
Golden-headed cisticola 1 0 1 3 4 1 0 0 0 1 1 0 0 
Orange-footed scrubfowl 2 11 0 8 0 5 0 0 6 0 5 0 7 
Torresian crow 5 0 2 1 7 1 0 1 0 0 0 0 2 
Mangrove robin 0 0 15 16 10 0 0 71 0 0 83 187 0 
White-winged triller 1 2 0 1 3 0 0 1 0 0 4 0 0 
Crimson finch 0 2 3 3 1 0 0 0 0 1 0 0 1 
Little friarbird 2 1 0 3 0 2 4 0 0 1 0 0 0 
Little shrike-trush 8 0 10 0 0 0 0 22 0 0 8 43 0 
Dollarbird 0 3 4 1 0 0 0 0 0 1 0 1 0 
Mangrove fantail 2 0 0 0 0 19 0 0 6 1 0 7 0 
Forest kingfisher 1 2 0 3 0 1 1 0 0 0 0 0 0 
Olive-backed oriole 1 4 0 0 1 1 0 0 0 0 0 0 0 
Arafura fantail 0 0 0 0 0 0 2 2 0 0 2 10 0 
Silver-crown friarbird 0 3 2 0 0 0 0 0 2 0 0 4 0 
Dusky honeyeater 4 2 0 0 0 0 1 0 1 0 0 0 0 
White-throated honeyeater 2 0 2 0 0 0 0 0 0 1 0 0 0 
Long-tailed finch 0 2 1 1 0 0 0 0 0 0 0 0 0 
Red-backed wren 1 0 0 0 1 0 0 0 0 0 0 0 0 
Torresian imperial pigeon 0 1 0 0 0 0 3 0 0 0 0 0 0 
Rose-crowned fruit dove 1 17 0 0 0 0 0 0 0 0 0 0 0 
Striated pardalote 0 0 3 0 0 0 0 0 0 0 0 0 0 
Tawny frogmouth 1 0 0 0 0 0 0 0 0 0 0 0 0 
Tawny grassbird 0 0 0 1 0 0 0 0 0 0 0 0 0 
Chestnut-breasted mannikin 0 0 1 0 0 0 0 0 0 0 0 0 0 
Restless flycatcher 0 0 0 0 6 0 0 0 0 0 0 0 0 
Cicadabird 2 0 0 0 0 0 0 0 0 0 0 0 0 
Emerald dove 0 2 0 0 0 0 0 0 0 0 0 0 0 
Banded honeyeater 0 0 0 0 0 0 1 0 0 0 0 0 0 
Large-tailed nightjar 1 0 0 0 0 0 0 0 0 0 0 0 0 
Bar-breasted honeyeater 0 0 0 5 0 0 0 0 0 0 0 0 0 
Willy wagtail 0 0 0 0 1 0 0 0 0 0 0 0 0 
Australian pipit 0 0 0 0 1 0 0 0 0 0 0 0 0 
Great bowerbird 1 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 4.2. Species distribution matrix of mangrove patches surrounded only by a 

single matrix (regardless of type) showing pattern of nestedness (shaded) for the total 

compliment of bird species in the mangrove patches.  
 
Common name EAB LNR NGLF EAT EAH LLA BV CDNP MDL 
 W G W W W W W W W 
Bar-shouldered dove 30 97 27 37 28 90 32 37 17 
Black butcherbird 10 1 3 6 6 13 6 34 17 
Brown honeyeater 152 159 82 182 178 64 71 627 16 
Double-barrered finch 25 4 9 22 9 16 11 2 6 
Helmeted friarbird 10 11 26 10 26 29 8 26 9 
Large-billed gerygone 40 14 7 30 12 91 28 46 10 
Lemon-bellied flycatcher 34 114 51 22 83 48 19 4 10 
Little bronze-cuckoo 14 11 6 9 8 12 10 41 1 
Northern fantail 9 10 3 2 5 20 2 15 5 
Rainbow bee-eater 15 24 11 13 13 10 8 26 4 
Red-headed honeyeater 128 2 41 158 131 178 130 401 44 
Rufous-banded honeyeater 5 481 46 7 59 45 12 8 5 
Sacred kingfisher 7 6 3 3 11 7 5 6 5 
Shining flycatcher 28 35 9 26 6 47 10 104 2 
Varied Triller 19 1 1 12 9 9 20 24 9 
White-bellied cuckoo-shrike 6 18 5 2 19 8 6 7 7 
Yellow white-eye 28 24 9 38 49 49 30 163 4 
Broad-billed flycatcher 16 11 32 12 6 34 2 29 0 
Peaceful dove 4 41 11 8 6 2 1 2 0 
Green-backed gerygone 15 0 1 6 14 4 2 5 11 
Magpie-lark 4 15 2 5 5 2 5 0 2 
White-gaped honeyeater 11 6 31 2 2 23 13 0 23 
Yellow oriole 20 2 3 3 3 7 0 2 9 
Mangrove gerygone 24 174 2 104 82 151 40 163 0 
Striated heron 1 0 12 4 10 1 1 0 1 
Collared kingfisher 20 0 25 16 39 79 31 18 0 
Spangled drongo 2 2 2 1 0 2 1 0 1 
Mistletoebird 1 4 7 0 0 13 6 0 7 
Grey whistler 14 8 0 10 0 42 0 28 9 
Figbird 1 5 2 0 3 2 0 0 1 
Azure kingfisher 2 8 1 2 1 1 0 0 0 
Leaden Flycatcher 1 8 1 1 4 0 0 4 0 
Mangrove robin 15 10 0 71 0 0 83 187 0 
Brush cuckoo 1 0 1 0 1 0 1 0 1 
Chestnut rail 13 0 0 35 4 0 12 72 0 
Mangrove golden whistler 1 39 10 0 0 0 2 52 0 
Crimson finch 3 1 0 0 1 0 0 0 1 
Torresian crow 2 7 0 1 0 0 0 0 2 
Black-faced cucko-shrike 0 1 0 1 0 2 0 1 0 
Arafura fantail 0 0 2 2 0 0 2 10 0 
Little kingfisher 4 1 0 2 0 2 0 0 0 
Little shrike-trush 10 0 0 22 0 0 8 43 0 
Golden-headed cisticola 1 4 0 0 1 0 1 0 0 
Mangrove fantail 0 0 0 0 1 6 0 7 0 
Dollarbird 4 0 0 0 1 0 0 1 0 
White-winged triller 0 3 0 1 0 0 4 0 0 
Orange-footed scrubfowl 0 0 0 0 0 6 5 0 7 
Silver-crown friarbird 2 0 0 0 0 2 0 4 0 
Little friarbird 0 0 4 0 1 0 0 0 0 
Dusky Honeyeater 0 0 1 0 0 1 0 0 0 
White-throated honeyeater 2 0 0 0 1 0 0 0 0 
Striated Pardalote 3 0 0 0 0 0 0 0 0 
Forest kingfisher 0 0 1 0 0 0 0 0 0 
Torresian Imperial piegon 0 0 3 0 0 0 0 0 0 
Restless flycatcher 0 6 0 0 0 0 0 0 0 
Banded honeyeater 0 0 1 0 0 0 0 0 0 
Olive-backed oriole 0 1 0 0 0 0 0 0 0 
Australian pipit 0 1 0 0 0 0 0 0 0 
Chestnut-breasted mannikin 1 0 0 0 0 0 0 0 0 
Willy wagtail 0 1 0 0 0 0 0 0 0 
Long-tailed finch 1 0 0 0 0 0 0 0 0 
Red-backed wren 0 1 0 0 0 0 0 0 0 
 
*BC, Buffalo creek; BV, Bay view; CCR, Casuarina Coastal Reserve: CDNP, Charles Darwin 
National Park; EAB, East Arm Barrage; EAH, East Arm Hamaura; EAT, East Arm Train; EP, East 
Point; LLA, Ludmilla; LNR, Leanyer; MDL, Mindil; NGLF, Nightcliff; RC, Rapid Creek.W- 
woodland; G- grassland. 
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Table 4.3 Mangrove dependent species (MDS) occupancy (shaded) showing pattern 

of nestedness. Mangrove fantail is the rarest MDS while 45% of the MDS occurred 

in all the patches. The matrix has been arranged to maximize nestedness. 

 
 BC BV CDNP EAB EAH EAT EP RC LLA NGLF CCR LNR MDL 
Black butcherbird 17 6 34 10 6 6 25 14 13 3 20 1 17 
Red-headed  honeyeater 246 130 401 128 131 158 124 344 178 41 157 2 44 
Yellow white-eye 61 30 163 28 49 38 42 87 49 9 38 24 4 
Broad-billed  flycatcher 32 2 29 16 6 12 43 25 34 32 7 11 0 
Mangrove gerygone 145 40 163 24 82 104 121 154 151 2 44 174 0 
Striated heron 10 1 0 1 10 4 20 7 1 12 5 0 1 
Collared kingfisher 7 31 18 20 39 16 41 1 79 25 1 0 0 
Chestnut rail 52 12 72 13 4 35 0 7 0 0 1 0 0 
Mangrove golden whistler 3 2 52 1 0 0 13 0 0 10 0 39 0 
Mangrove robin 0 83 187 15 0 71 0 16 0 0 0 10 0 
Mangrove fantail 2 0 7 0 1 0 19 0 6 0 0 0 0 

 

 

Table 4.4. Summary of the analysis of nestedness of bird assemblages in the 

mangroves in Darwin region. Significantly nested assemblages are indicated in bold 

text. Z values are in parentheses. See text for an explanation of the metrics used to 

evaluate nestedness. 

Category No. 
sites 

Species 
richness 

Total 
matrix 

N0 
(Z) 

N1 
(Z) 

Ua 
(Z) 

Up 
(Z) 

Br 
(Z) 

Overall species 13 70 910 167 
(-0.69) 

150 
(-0.95) 

36.73 
(-1.0) 

64.27 
(1.56) 

72 
(0.64) 

MDS 13 11 143 18 
(1.65) 

17 
(-0.33) 

3.08 
(-1.38) 

6.92 
(1.05) 

8 
(-1.65) 

Insectivore  13 50 650 113 
(-1.60) 

110 
(0.47) 

30.9 
(0.83) 

40.1 
(-0.26) 

49 
(-0.22) 

Foliage 
gleaners  

13 23  42 
(0.63) 

28 
(-0.93) 

4 
(-1.83) 

18 
(2.02) 

18 
(1.09) 

One matrix type 9 62 558 104 
(-0.83) 

94 
(-0.64) 

18.17 
(-1.71) 

54.83 
(3.08) 

51 
(1.18) 

Savanna matrix 
only 

4 52 208 22 
(0.44) 

20 
(-0.25) 

2 
(-1.44) 

17 
(2.19) 

17 
(1.63) 
 

 

 

4.3.2 Potential mechanisms of nestedness: selective extinction or colonisation? 

The degree of nestedness was not significant for either area-or isolation-ordered 

matrices suggesting that neither selective extinction nor colonisation are strong 

causes of nested structure for overall and MDS in the mangroves. However, in 

general, nestedness (%PN) was an area related phenomenon with a more nested 

pattern compared to isolation ordered matrices (Table 4.5). This suggests that 

selective extinction (extirpation) rather than selective immigration is a stronger 

influence in bird composition in mangrove patches. Insectivores including foliage 
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gleaners were more likely to be affected by area through localised extinction 

(Insectivore P = 0.043; foliage gleaners P = 0.005) when compared to overall species 

pool (P = 0.105) and MDS (P = 0.832). These findings were probably affected by the 

presence of bird species from the surrounding matrices, which may be little affected 

by fragmentation. Only the foliage gleaners are sensitive to isolation effects (P = 

0.005). These results further support the findings of multiple linear regression 

analysis to test the effects of isolation on overall species and MDS richness, which 

also confirmed the general lack of an isolation effect (Chapter 3). 

 

Table 4.5. Analysis of causality of nestedness based on departures from perfect 

nestedness in matrices sorted by area and then by isolation (Lomolino, 1996). 

Mangrove dependent species (MDS); isolation, mean distance to the two nearest 

large patches; D, number of departures from perfect nestedness; P, proportion of 

randomly ordered matrices with D values < the ordered matrix; R, average D value 

for 1000 randomly ordered matrices. Significant values are highlighted in bold text. 

 

4.3.3 Co-occurrence metrics 

Analysis of species co-occurrence suggests that mangrove bird communities are 

randomly assembled (Table 4.6). Again, species from the surrounding matrices may 

cause no strong species associations. No checkerboard pattern was detected and 

species from the matrix do not appear to displace mangrove species from similar 

functional groups either, and there is no clear evidence for interspecific competition 

within the functional groups. As expected the MDS did not show any interspecific  

 Area-sorted matrix  Isolation-sorted matrix Randomized 
 D P %PN  D P %PN R 

 
Species category 

 
Overall species 99 0.11 8.47  109 0.56 -0.77 108.16 
MDS 3 0.83 -25.0  3 0.83 -25.0 2.40 
Insectivore 51 0.043 12.34  57 0.41 2.03 58.18 
Foliage gleaners 43 0.005 18.07  43 0.005 18.07 59.49 

 
Surrounding matrix category 

 
One surrounding 
matrix 

64 0.14 8.29  70 0.54 -0.31 69.78 

Woodland matrix 34 0.70 -3.97  34 0.70 -3.97 32.70 
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Table 4.6. Summary of species co-occurrence analysis, C-score and C-board of 

mangroves assemblage categories with observed, Iobs and simulated Isim co-

occurrence matrices with the standard deviation of 5000 simulated communities, Ssim. 

The standardized effective sizes (SES) and associated tail probabilities (P) are also 

presented for each category. 

 

Category Iobs Isim P Ssim SES 
 
C-Board (Diamond, 1975) 

     

Species category 
 

Overall species 250.00 266.46 0.87 14.78 -0.98 
MDS 0.00 0.02 1.00 0.14 0.02 
Insectivore 73.00 85.73 0.99 6.72 -1.89 
Foliage gleaners 23.00 24.99 0.81 2.79 -0.72 
Pollinators 6.00 6.65 0.90 1.01 -0.64 
Predators 0.00 0.00 1.00 0.00 0.00 
Interior species 220.00 226.34 0.79 7.77 -0.82 

 
Surrounding matrix category 

 
Single matrix 205.00 210.20 0.67 11.26 -0.46 
Woodland matrix 53.00 52.58 0.47 6.26 0.07 
      

C-Score (Stone and Roberts, 1990)      
 

Species category 
 

Overall species 2.05 2.04 0.31 0.02 0.42 
MDS 2.04 1.97 0.22 0.11 0.64 
Insectivore 2.82 2.79 0.19 0.04 0.89 
Foliage gleaners 1.18 1.22 0.80 0.05 -0.79 
Pollinators 1.20 1.28 0.90 0.09 -0.89 
Predators 2.27 2.22 0.41 0.14 0.31 
Interior species 2.47 2.46 0.22 0.02 0.76 

 
Surrounding matrix category 

 
Single matrix 1.28 1.28 0.51 0.01 -0.14 
Woodland matrix 0.21 0.21 0.51 0.00 -0.13 

 
 

relationship suggesting that these species are highly specialized foragers with 

specific distribution in mangrove zones. The standardized effective size (SES) value 



 84 

for both checkerboard indices ranged between -1.89 to 0.89 indicating random spatial 

associations of species (Gotelli and McCabe, 2002). Mangroves surrounded by a 

single type of matrix had higher checkerboard C-scores suggesting that the type of 

surrounding matrix plays an important role in structuring the species assemblage in 

the mangroves. 

 

4.3.4 Species occurrence and bird body mass and patch area  

Body mass among mangrove bird assemblages (Mean=85.24g, SD = 157.10) is 

skewed to the left, as most birds are small. Bird mass ranged from 6g to 900g with a 

median value of 26g. A logistic regression demonstrated that the probability of 

occupancy declined with increasing body mass for both mangrove dependent species 

and the overall species assemblage (Figure 4.1). The likelihood of occurrence of 

MDS increased with patch size while the occurrence of non-dependent species was 

independent of mangrove patch area (Figure 4.2). The incident of occurrence of bird 

species in the mangrove patches was examined using logistic regression. The  

 
Figure 4.1.The probability of occupancy for MDS (—) and non dependent species 

assemblage (--) in the mangrove suggesting that smaller birds (i.e. foliage gleaners) 

are more likely to occupy mangroves than larger birds. Standard errors are denoted 

by vertical bars. 

 

probability of occupancy increased with patch sizes for 23 species and decreased for 

27 species. Occupancy by the remaining 27 species was independent of patch size. 
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Five MDS species increased in occurrence while the occupancy of another five 

species did not change with patch size (Figure 4.3 and Figure 4.4). 

 

 
Figure 4.2.The probability of occupancy for MDS (—) and non-dependent species 

assemblage (- -) illustrating the influence of patch size. The probability of occupancy 

for MDS increased with area, while the occupancy of non-dependent species was 

independent of patch size. Standard errors are denoted by vertical bars. 

 

 
Figure 4.3. The probability of occurrence for a typical MDS (—) (PETROICIDAE: 

Mangrove robin) and a common and generalist bird species (--) (PETROICIDAE: 

Lemon-bellied flycatcher) both representing the same family. For relatively rare 

MDS the probability of occurrence increases monotonically with area. Standard 

errors (SE) are denoted by vertical bars. SE for Lemon-bellied flycatcher is too small 

to be shown in this graph. 
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Figure 4.4 The probability of occurrence for 3 MDS, Collared kingfisher (—); 

Chestnut rail (--); Mangrove fantail (— -); The Mangrove fantail is the rarest MDS 

and appears to absent from small mangrove patches. Standard errors are denoted by 

vertical bars. 

 

4.4 Discussion 

Mangrove forest surrounded by several matrices is likely to have different dynamics 

and potentially higher species richness than forest by a single matrix type. This may 

be part of the reason why nestedness was not found at the whole community level but 

was found for certain functional groups or under certain habitat associations. Once 

again the influence of matrix habitat and species from the matrix is clear and 

assemblages are not highly structured but appear to be random associations. It is 

likely that the transient, seasonal and harsh environment of the mangroves limits 

species packing and creates vacant niches that are filled briefly by species from the 

matrix. Null model analysis to test for patterns of non-randomness in presence-

absence matrices based on two assembly rule models, nestedness and species co-

occurrence, revealed no pervasive structure to overall mangrove species assemblage. 

However, in some cases nestedness was more an area-dependent phenomenon than 

an isolation-dependent one, indicating that mangrove bird assemblages are more 

strongly shaped by area effects.  

Analysis of co-occurrence did not detect a non-random pattern of bird 

assemblages, suggesting the competition is a weak structuring force in mangroves. 
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These findings contrast with general trends in the literature, where insular 

communities show a non-random, if not highly nested, pattern (Cutler, 1994; 

Kadmon 1995; MacNally et al., 2002; Simberloff and Martin, 1991; Wright et al., 

1998). Kadmon (1995) suggested that absence of nestedness may be more interesting 

than its presence as nestedness appears to be the rule rather than the exception. The 

influence of the surrounding matrix type to species assemblage in natural landscapes, 

further adds to a growing literature documenting the pervasive effects of matrix 

habitats on animal distributions in fragmented landscapes (Gascon et al., 1999; 

Lindenmayer et al., 2009; Sisk et al., 1997; Wethered and Lawes, 2005). 

Habitat surrounding fragments might be expected to influence the 

composition of bird communities in patches (Berg, 1997). Wethered and Lawes 

(2005) examined the effect of matrix type, patch size and isolation on species 

assemblages and nestedness in montane forest bird communities. They found that 

bird species composition in small forest patches differed depending on the 

surrounding matrix, and matrix type was an important determinant of the size and 

composition of bird species assemblages in fragmented landscapes. Additionally 

Lefebre and Poulin (1997) also reported that bird species composition in a 

floristically poor mangrove forest in South America is largely determined by the type 

of adjacent matrix. Similarly this study has demonstrated that bird assemblage 

composition is influenced by the surrounding matrix type and in mangrove 

communities is the likely cause of the lack of nested assemblages (i.e., random 

community structure). Significant nestedness was only observed for bird species 

assemblages in mangrove patches surrounded by a single type of matrix (Z = 3.08), 

particularly those surrounded by savanna woodland matrix (Z = 2.19), and for 

foliage gleaner guild (Z = 2.02). Thus it is not possible to conclude from these results 

if local species extinction in a mangrove complex is the main cause of the nested 

species assemblages, as nestedness was not significantly area dependent for overall 

species but was detected when species was categorized into smaller groups and when 

patches were sorted according to surrounding matrix type.  

Lomolino (1996) suggests that the degree to which species conform or not to 

nestedness subsets may depend on their dispersal properties. Colonization-generated 

patterns of nestedness are expected to be strongest within species assemblages 

exhibiting strong dispersal abilities on the whole, and where overall colonization 

rates are high enough to quickly compensate for any irregularities in species 
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distribution that might be created by local extinctions (Cook and Quin, 1995). This 

was not the case for most mangrove bird assemblages general lack of an isolation 

effect was detected at the patch level. Additionally species from different matrix 

types with different dispersal and colonisation abilities were widely distributed 

among patches. Only the foliage gleaners with small body size and with potentially 

similar dispersal ability had a significant nested pattern of distribution among 

patches. Frequent recolonization has also been reported to reduce nestedness patterns 

in avian communities at the microhabitat level in a peatland archipelago (Calmé and 

Desrochers, 1999).  

Nestedness has important implications for conservation and has direct 

relevance to the SLOSS debate of reserve management and design (Simberloff, 

1988). It is evident that the surrounding matrices add to the species composition in 

the mangroves, thus the influence of the intervening matrix should not be ignored in 

biodiversity and conservation planning, especially when reserve selection processes 

are concerned (Wethered and Lawes, 2005). Nested subset theories suggest that in 

the presence of a species-area relation and area-dependent extinction, only larger 

habitat patches in a nested series can protect the full assemblage of organisms 

(Cutler, 1991; Patterson and Atmar, 1986). However mangrove bird species 

assemblage displayed a weak species-area relationships and area-dependent 

extinction. Large mangrove tracts such as Charles Darwin National Park (adjoining 

woodland) have thus been the focus for biodiversity conservation in the Northern 

Territory. When frequent colonisation is as likely as selective extinction to cause 

nestedness, it may increase the compositional overlap among insular species and a 

mixture of numerous patches is required to protect communities (Cook and Quinn, 

1995). This is the case for mangrove bird assemblages in this study. Under these 

circumstances setting conservation strategies based on SLOSS rules alone would not 

be suitable. Large continuous mangrove forest (>595 ha) interspersed with monsoon 

rainforest, should be the priority in mangrove reserve design, to reduce the effects of 

insularisation and to maintain a viable population of both MDS and non-dependent 

species. 

The Double-barred finch uses mangroves mainly for nesting; Little friarbird 

and many other small honeyeaters visit Sonneratia when it flowers; and other species 

share adjacent habitats, e.g. white-gaped honeyeater, varied triller and white-bellied 

cuckoo shrike, which exploit Sonneratia and Avicennia for insects and nest trees 
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only. Then there are those seeking refuge, and those for which adjacent habitats 

sometimes lack sufficient resources; this is applicable to many woodland species, 

where nectar is variable in availability from year to year.  Savanna woodland matrix 

provides suitable cover for movement of generalist species, thus favouring the 

occupancy by some bird species in smaller mangrove patches than expected. 

However species richness in mangrove patches surrounded by woodland matrix 

displayed lower species richness. The incidence of non-dependent species declined in 

larger patches and is potentially a consequence of the species’ inability to persist in a 

hostile habitat such as the mangroves.   

Rare species, particularly the MDS, appeared to be more responsive to patch-

level characteristics such as patch size and were less likely to move across the 

landscape. Ford (1982) suggested that many of the MDS in northern Australia 

originally inhabited rainforest but retreated into mangroves as aridity eliminated the 

rainforest. Thus monsoon rainforest, and the structurally similar monsoon rainforest 

in the matrix, would accommodate the MDS, interior species and contribute 

additional species to the mangrove species assemblage. This further suggests that 

bird species from monsoon rainforests could be better colonizers than woodland 

species. A hostile matrix such as the mangroves may assist colonisation of generalist 

species. The reason mangroves in savannas are nested is possibly due to the lack of 

colonising species from savannas. However, most of the mangroves in the Darwin 

region are surrounded by savanna woodland. Savanna woodland alone appears to be 

either unsuitable or low quality dispersal corridors for MDS to disperse between 

mangrove patches.  

Large-bodied species may be more prone to extinction than small-bodied 

species (Gaston and Blackburn, 1995). Even though Gotelli and Graves (1990) argue 

that there are no simplified rules for predicting which species are likely to go extinct 

in isolated communities in relation to body size, the frequency of occurrence of 

large-bodied species was much reduced in mangroves. The large-bodied birds in the 

mangroves also occupy higher trophic levels (e.g. chestnut rail) than small-bodied 

species. In addition to this, the large-bodied species have lower population density.  

All these factors may make them more vulnerable and prone to extinction, especially 

area-sensitive and large-bodied species such as the chestnut rail.   

Species co-occurrence analysis of nine ensembles did not show signs of 

competitive species interactions. This suggests that competition may not be the 
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driving factor in species exclusion in the mangroves if the species are opportunistic 

and generalist. Diverse species selection of species from various surrounding matrix 

has contributed to the inconsistency in species composition in patches and thus 

affecting the overall mangrove bird assemblage and may have created a ‘noise’ in 

detecting the presence of a non-random overall species distribution. Several other 

possible explanations are offered in this discussion. 

MDS are for the most part specialist species and may adopt different foraging 

techniques compared to generalist species and be better able to use specific 

mangrove zones (Noske, 1996), while colonising species from surrounding matrices 

with high dispersal ability may leave the mangroves when resources are low, 

escaping strong competitive effects, and rapidly re-colonize when sufficient resource 

levels are achieved (e.g. Steven and Willig, 2000). Similarly, Feely (2003) also found 

little support for non-random species co-occurrence patterns. He found a random 

association for the insectivorous and omnivorous species in a semi-deciduous 

tropical dry forest in Lake Guri, Venezuela, suggesting that insectivores may use 

different feeding strata with a specific niche. Shifts in resource availability in 

fragmented habitats may disrupt effects of species ecological interaction at a 

functional group level, making detection of deterministic structure difficult in a 

community (Meyer, 2007). Generally, species from similar guilds, with ecologically 

similar characteristics, are less likely to co-exist together frequently when resources 

are limited (Roots, 1967; Simberloff and Dayan, 1991). Inter-specific competition is 

expected to be stronger among these species (Zhang et al., 2009), however this is not 

the case for mangrove species assemblage. Interspecific competition was not 

detected in various guilds, suggesting that the mangroves provide enough resources 

for the coexistence of these species. Similarly, Veech (2006) found random 

associations for most grassland bird species, with non-significant associations 

indicating that their presence or absence has little effect on other grassland species. 

He also postulated that a random association was detected probably because the 

species assemblage was not saturated, thus competitively inferior species may 

coexist with stronger competitors if nesting sites and food resources are not 

diminished by the stronger competitors. 

Meyer (2007) found random assemblage composition of bat species with high 

dispersal ability compared to those with limited dispersal capability, because 

colonisation rates compared to local persistence were higher in mobile species. MDS 
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with limited dispersal capability may be affected by local extinction processes (e.g. 

Zalewski and Ulrich, 2006). It is also possible that where functional guilds are 

broadly categorized, the assemblages represented in the matrices do not correspond 

to true ecological guilds (Simberloff and Dayan, 1991), which may also lead to 

random interaction. A mixture of foraging guilds among mangrove bird assemblages 

may also be a contributing factor to a random assemblage composition. For example, 

almost all the nectarivores at some point consume insects at various levels of vertical 

stratification, thus having broader foraging guilds than expected. In addition, 

competitive interactions based on morphological characteristics related to foraging 

guilds may not be a general structuring mechanism as interactions are not sufficiently 

strong to cause non-random patterns (Steven and Willig, 2000). 

Hastings (1987) suggested that competition will be difficult to detect using 

co-occurrence data if parameters involved with species or patch differences are not 

included in the analysis. If species occupancy of mangroves patches is masked by 

factors intrinsic to the habitat, such as habitat heterogeneity (e.g. creeks, number of 

mangrove zones, stem density, etc.), then it is possible that some species may exhibit 

‘‘habitat checkerboards’’ and segregate within these preferred microhabitats. It is 

conceivable that in the context of mangrove zonation, distribution of food resources 

as a result of resource partitioning may have disrupted effects of species ecological 

interactions even at the functional group level, making the deterministic structure 

less likely. Thus the lack of habitat uniformity within study sites may have also 

reduced detection of non-random patterns of co-occurrence.  
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CHAPTER 5 

 

The role of habitat heterogeneity in structuring mangrove 

bird assemblages 
 

5.1 Introduction 
 
The effect of habitat heterogeneity on species diversity is one of the basic concepts in 

community ecology (MacArthur and Wilson, 1967). Mangroves are relatively well 

studied but no information is available on the role of intrinsic habitat heterogeneity 

or complexity in structuring bird assemblages. The relationship between habitat 

heterogeneity and bird species diversity is a well documented pattern in community 

ecology (Tews et al., 2004). Studies comparing disparate ecosystem groups have 

revealed that structurally complex ecosystems are more diverse with stronger species 

richness -habitat heterogeneity relationships (Avecedo and Aide, 2008; Lindenmayer 

et al. 2010; Raman, 2006; Trainor, 2005; Wilson and Comet, 1996l; Woinarski et al., 

1988; Woinarski and Fisher, 1995). Several studies have compared bird species 

richness in mangroves to other forest types in relation to habitat complexity 

(Acevedo and Aide, 2008; Woinarski et al., 1988) but no attempt has been made to 

examine the effect of intrinsic habitat factors within mangrove forest on bird species 

composition. To date Metcalfe’s (2007) study is the only study to document the 

effects of various types of habitat disturbance on mangrove bird assemblages. 

However, she did not account for the influence of habitat heterogeneity per se.  

Bird species richness and diversity in terrestrial landscapes is closely related 

to habitat structure and floristic characteristics, where larger areas tend to have more 

diverse habitat, both structurally and floristically, with a variety of habitats for bird 

species to occupy and resulting greater bird diversity (MacArthur and Wilson, 1967; 

Marshall and Medway, 1976; Woinarski et al., 2001). In most habitats, habitat 

heterogeneity is expected to increase with patch size as larger patches will contain a 

greater diversity of microhabitats (Connor and McCoy, 1979; MacArthur, 1967). In 

structurally simple habitats like mangroves, habitat heterogeneity is less pronounced 

and may limit the number of coexisting species in mangroves (Ford, 1982). Many 

studies have shown that habitats with greater structural complexity support greater 
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bird diversity (Berg, 1997; Cousin and Phillips, 2008; Honkanen et al., 2009). This 

pattern is not only limited to bird communities but has also been observed in non-

volant small mammals (Bateman et al., 2010), ungulates (Cromsigt, 2009), reef fish 

(Hunter and Sayer, 2009), arthropods (Haddad et al., 2009) and bats (Hodgkison et 

al., 2004; Rebelo and Brito, 2006). However, statistical support for the species-

habitat heterogeneity relationship is biased towards vertebrates and habitats under 

anthropogenic influence (Tews et al., 2004) and varies among taxonomic groups. In 

contrast to the general trends described above, Cousin and Phillips (2008) found no 

significant correlation between habitat complexity and bird species richness in 

woodlands of south-western Australia, suggesting that such relationships are weak in 

resource poor environments. Similarly, Wethered and Lawes (2003) found no effect 

of microhabitat diversity on bird species richness in Afromontane forest patches in 

South Africa. A structurally simple habitat such as mangrove forest may offer fewer 

microhabitats and specialized niches for species to occupy, resulting in relatively low 

bird species richness and simple assemblage structure.  

The exact mechanism that drives the relationship between bird species 

richness and habitat heterogeneity is still debated (Cousin and Phillips, 2008). For 

example, an increase in foliage structural diversity has been reported to increase the 

number of habitat niches and in turn faunal species richness (MacArthur, 1958; 

MacArthur and MacArthur, 1961; Raman, 2006). Recently, some authors have 

suggested that the latter trends arise due to an increase in productivity in complex 

habitats, which in turn increases the resources available to a larger number of species 

(Honkanen et al., 2009; Hurlbert, 2004; 2006). 

Consistent with MacArthur and MacArthur’s (1961) model, vegetation 

structure is a primary determinant of the composition of many bird species. In arid 

Australian landscapes, bird community composition is determined by breeding 

requirements and vegetation structure rather than resource availability and 

disturbance regimes (Pavey and Nano, 2009). Structurally simple mangrove forests 

may affect the bird community in a similarly deterministic way. Besides being an 

important factor in contributing to the increase in species richness and diversity, 

habitat structure is also an important determinant in influencing habitat selection and 

distribution of species, especially in complex habitats such as tropical forest (Watson 

et al., 2004b). For example, in the Northern Territory, Woinarski et al. (2000) 

reported that species richness and abundance of birds was significantly greater in 
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forested riparian zones compared to non-riparian habitats and the species 

composition also differed within habitats depending on their relative complexity.  

Even though mangrove vegetation in northern Australia forms closed 

evergreen forest in a narrow discontinuous strip for thousands of kilometres along 

the coast (Hutchings and Saenger, 1987), various factors change the structural 

properties and complexity within a patch. The mangrove plant species composition 

and size of each mangrove zone is strongly influenced by (1) position in the tidal 

zone, (2) position in a creek (upstream or estuarine), (3) the size of the floral species 

pool (availability of propagules), (4) frequency of tidal inundation (related to height 

above mean sea level and the elevation of the tidal zone), (5) volume and frequency 

of freshwater runoff, (6) the extent of tidal range (7) and the mud substrate, and (8) 

the amount of protection from wave action (Claridge and Burnett, 1993; Hutchings 

and Saenger, 1987). The vegetation sequences or zonation on open shorelines differ 

from those along the length of an estuary (Sousa et al., 2007). Salt flats, which may 

be abundant on open shorelines, are sometimes absent from upstream localities 

because the level of salinity drops further inland. In addition, the tidal influence 

decreases upstream with the result that the tidal zone becomes narrower and the 

terrestrial fringing vegetation approaches the river bank (Hutchings and Saenger, 

1987). Such zonation creates habitat structure and complexity within mangroves. 

Indeed, mangrove zonation is known to influence the distribution of certain 

mangrove birds (i.e waders, rails) (Johnstone, 1990; Metcalfe, 2007; Noske, 1996). 

Faced with constant land use change, information on zonal species associations in 

mangroves will improve understanding of the habitat requirements of mangrove bird 

assemblages for conservation and management. 

In this chapter I examine the differences in bird assemblage composition and 

diversity among mangrove sites of varying structural and floral complexity. The 

following questions are addressed: 

a. Is bird species richness affected by mangrove habitat 

heterogeneity? 

b. Does bird species richness differ among the mangrove zones? 

c. Are there indicator bird species of each mangrove zone? 

d. What are the most important habitat correlates of bird species 

richness and density in mangroves?  
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5.2 METHODS 

 

5.2.1 Study sites, vegetation and bird sampling methods 

The study sites were thirteen mangrove patches in the Darwin Region (see Chapter 

2). Birds were censused using the variable width line transect method (see Chapter2). 

Transects were walked twice a month at all sites from February 2008 to May 2009. 

Bird diversity, abundance and density estimation have been described in previous 

chapters. Vegetation plots were laid out in a stratified random sampling design. At 

each site two 5m x 5m plots (25m2) were randomly positioned in each mangrove 

zone and three plots in the monsoon rainforest if present. Several smaller plots were 

nested within each plot; one 2.5m x 2.5m (6.25m2) and two 1.25m x 1.25m (1.56 m2) 

plots. The number of mangrove zones varied among sites and thus the total number 

of plots sampled varied among sites. A detailed description of the plot layout and 

vegetation sampling procedures is provided in Chapter 2. A set of 24 variables from 

environmental, geomorphological and vegetation categories was recorded from each 

zone at a site. Some variables, such as size of the saltpans were derived from satellite 

imagery (Quick bird satellite image - pan-sharpened 60cm resolution, 1994). The 

vegetation variables were assigned to 3 categories: diameter at breast height (dbh) 

classes (3 variables), height classes (8 variables) and vertical profile (7classes). 

Physical disturbances affected by tidal regimes, such as the distribution of garbage, 

tracks, and bare ground, were excluded from analyses as they are transitory in nature 

and have no clear ecological correlation to bird ecology. Diversity indices are 

sensitive to sample size (Kempton and Wedderburn, 1978; Magguran, 2004; Soetaert 

and Heip, 1990), thus plant species richness was used a measure of plant species 

diversity.  

 

5.2.2 Habitat heterogeneity measurements 

Hutchings and Saenger (1987) describe zonation as the spatial expression of 

plant succession. The approach used to measure habitat heterogeneity was 

determined by the fact that mangrove forests are structurally simple and form 

monospecific forest stands with little difference in structure and complexity among 

sites (except when rainforest is found in the mangrove complex). For the purpose of 

this study, mangrove zones are defined as mono-specific stands of mangrove species 

arranged in bands parallel to shorelines or creeks. This excludes Avicennia marina 
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occurring in other monospecific stands. The number of mangrove zones (A. marina, 

Bruguiera exaristata, Ceriops australis, Rhizophora stylosa, Lumnitzera racemosa 

and Sonneratia alba) along transect lines was counted at each site. The area of the 

saltpans based on a satellite image was measured in each patch using ArcGIS. 

Saltpans are barren areas normally located near the upper intertidal areas of the 

mangroves, characterized by salt encrustation.  

The relevant habitat heterogeneity measures vary depending on the 

taxonomic group studied and spatial resolution (Tews et al., 2004).  The term 

heterogeneity and complexity have been used interchangeably to describe various 

aspects of habitat form (August, 1983). Heterogeneity represents horizontal variation 

in habitat physiognomy where complex habitats have various levels of relatively well 

developed strata (August, 1983). In this study habitat heterogeneity is defined as the 

diversity of mangrove vegetation structure attributable to vertical and horizontal 

structural properties, other physical correlates within a site, and geomorphological 

features. Mangrove zones are not equally distributed in each site. Thus a weighted 

mean of each heterogeneity variable for each zone was used. An estimate of the 

proportional area covered by a zone was scored out of 10. For example, if the A. 

marina zone covered 50% of the site then a score of 5 was assigned. For site means 

of a variable, the mean value for each zone was corrected by the given score. All 

percentage values were arcsin-square root transformed. 

Canopy cover is defined as the proportion of a plot that is covered by the tree 

canopy stratum and is normally expressed as a percentage where the maximum cover 

of any one species is 100 percent (Brocklehurst et al., 2007). The percent of canopy 

and salt tolerant grass/shrub cover (e.g.  Sporobolus virginicus, Tecticornia sp., 

Sueda sp.) were scored in each 25 m2 plot, while pencil (A. marina) and knee roots 

(Bruguiera sp.) were counted within two 1.56 m2 plots. Vertical foliage structure is 

the vertical arrangement of vegetation including foliage and branches within each 

mangrove zone and was measured in percents within seven height classes (0-2, 2-4, 

4-6, 6-8, 8-10, 10-12, and 12-14). A mean estimate of stem densities at a site for a 

dbh (Diameter at breast height) or height class, corrected for quadrat area and for the 

contribution of each zone to the numbers of stems in the habitat was calculated. 

Mean tree height for a zone was estimated. The density of stems within seven height 

classes (0-2, 2-4, 4-6, 6-8, 8-10, 10-12, 12-14) was calculated. Tree diameter was 

measured using a digital calliper for smaller trees and a dbh tape for large trees. 
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Diameter was recorded at approximately 1.3m above the substrate for each stem; in 

the case of R. stylosa above the highest prop-root when this arose from the stem at a 

height above 1.3m (Comley and McGuiness, 2005). Diameters were measured at the 

stem base for smaller trees (< 1cm). Tree density was estimated for three diameter 

class (<2 cm, 2-10 cm, >10 cm), and averaged for each zone and sub-plot size. To 

make density estimates comparable all estimates were scaled to 5 m x 5 m. For 

example, estimates from a 2.5 m x 2.5m plots were multiplied by 4 and by 16 for 

1.25 m x 1.25 m plots, so that mean density of stems in a zone was reported per 25 

m2.  

 

5.2.3 Diversity Indices 

Diversity indices are only used in general comparisons. Simpson’s (λ) diversity 

index (which reports relative dominance) has a moderate ability to discriminate 

between communities and a low sensitivity to sample size, while Fisher’s α (reports 

species richness) from the log α series family and the Q statistic (report species 

richness) both have good discriminant ability with low sensitivity to sample size 

(Magurran, 2004).  Fisher’s α was used to describe the plant and bird diversity in 

mangrove zones as it has a number of advantages over other commonly used indices 

of biodiversity. It is not overly influenced by the sample size, it is a satisfactory 

measure of diversity and is less affected by the abundance of the commonest species 

than either Shannon’s or Simpson’s index (Magurran, 2004; Schultez et al., 2005). In 

addition, Fisher’s α is a single-parameter representation of the empirical Q statistic 

which has been proposed as the most indicative non-parametric statistic of 

biodiversity (Kempton and Wedderburn, 1978). Hill’s family of diversity numbers, 

N0, N1 and N2 were also used as measures of species richness and diversity while 

E5 was selected as an index of species evenness. Derivation of Hill’s numbers and 

E5 is given in Ludwig and Reynolds (1988).  

 

5.3 Data analysis  

 

5.3.1 Indicator species analysis (IndVal) 

A species is an indicator when it characterizes a group of sites and exists in most 

sites (sensu Dufrêne and Legendre, 1997). In this study, an indicator species is 

defined as the bird species most indicative of a mangrove zone and that is found 
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mostly within this zone at the sites containing this zone (Mouillot et al., 2002). 

Species were analysed on the basis of a prior partition of mangrove zones using an 

indicator value index (IndVal) (sensu Dufrêne and Legendre, 1997). The IndVal 

combines a species’ relative abundance (observations) with its relative frequency of 

occurrence in mangrove zones across 13 sites. Zones were randomly permutated 

among sites to obtain a distribution for IndVal values and the associated tests were 

performed using PC-ORD (Ver. 4.34) for windows software (McCune and Mefford, 

1999); Monte Carlo tests (1000 permutations) were used to evaluate the statistical 

significance of the maximum indicator value recorded for a given species. 

The IndVal was calculated for each species j and for each mangrove zone k 

according to the formula (Dufrêne and Legendre, 1997): 

 IndValkj = 100 x RAkj x RFkj  

Where RAkj is the relative abundance of species j in group k and RFkj is the relative 

frequency of species j in group k. The aim of this analysis was to detect non-random 

distributions of bird species (n=70) within mangrove zones and to identify species-

habitat (zone) relationships. 

 

5.3.2 Principle Component Analysis 

A data matrix of habitat heterogeneity variables and species abundances by site was 

subjected to Principal Component Analysis (PCA) using PC-ORD (Ver. 4.34) 

(McCune and Mefford, 1999), to examine the collinearity of the habitat 

heterogeneity variables and reduce the numbers of variables to a meaningful and 

orthogonal set (McCune and Grace. 2002).   

 Bird abundance based on categories (overall species richness, interior species 

richness, mangrove dependent species richness, and overall species density) and 

environmental variables were overlayed on a joint plot. Analyses were performed on 

the correlation matrix, which standardizes variables measured on different scales 

(McCune and Mefford, 1999). Eigenvalues for each principal component were 

compared to a broken-stick eigenvalue to determine if the captured variance 

summarized more information than expected by chance (Jafari et al., 2004) and only 

habitat heterogeneity variables that accounted for the highest percentage of variance 

on the first two component axis were chosen for each analysis. The heterogeneity 

variables selected by PCA were used as predictors of overall bird species richness, 
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mangrove dependent bird species richness (MDS), interior bird species richness and 

bird density in separate generalised linear models (GLM).  

 

5.3.3 Generalised linear models 

GLM was used to examine the effect of habitat heterogeneity on bird species 

richness from various categories using the statistical software GenStat 12.1. GLM is 

an extension of regression analysis and is a powerful tool for the application of 

regression models to a variety of non-normal response variables (Everitt and 

Hothorn, 2006). GLM assumes independent or at least uncorrelated observations 

which were identified using PCA in this study (McCullagh and Nelder, 1983). 

Because the number of bird species observed are counts the GLMs were based on a 

Poisson distribution with a log link (Ln) function.  

To select among the competing models, an information theoretic approach 

was adopted based on Akaike’s Information Criterion (AIC) (Burnham and 

Anderson, 2001). The AIC provides the evidence for the most parsimonious model in 

a set of a priori models that fit the data (Burnham and Anderson, 2001).  

The AIC was corrected for small sample size AICc (Burnham and Anderson, 

2002). The smaller the AICc value for a particular model the better the model 

describes the relationship. Variables that increased the AICc value were removed 

during model refinement. The model where AICc is minimized represents the set of 

habitat variable(s) that best account for the variation among bird species 

assemblages. The models were weighted for comparison using Akaike weights, wi, 

which are the approximate probabilities that an a priori model is the best model in a 

candidate set and provides an estimate of model selection uncertainty (Burnham and 

Anderson, 2002). Multi-model inference based on model averaging for the best 

models was conducted (Anderson, 2008). This method is superior to making 

inferences concerning the relative importance of variables based on the best model 

(Burnham and Anderson, 2001). These estimates are reported along with 

unconditional standard errors, which incorporate a variance component due to model 

selection uncertainty and thus better reflect the accuracy of a given model coefficient 

(Burnham and Anderson, 2002). From this analysis the probability of species 

occupancy as a function of habitat heterogeneity was derived and displayed 

graphically.  
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5.4 Results 

 

5.4.1 Bird distribution in mangrove zones 

In rainforests, which were located landwards, the bird species encountered were 

different to the core mangrove area. Species richness and abundance in the Avicennia 

zone, a relatively large mangrove zone, was higher than in any of the other mangrove 

zones where species richness ranged from 28 to 57 (Table 5.1). Species richness was 

lowest in the seaward Sonneratia zone. The MDS were represented in all the 

mangrove zones including rainforest, ranging from 5 to 11 species in fringe 

mangroves and the Avicennia zone, respectively. The relative abundance of MDS 

was highest in the Avicennia zone (34.8%) and lowest in the mangrove fringe (0.6%) 

(Figure 5.1).  

Bird density estimates based on all birds observed and heard over the study 

period varied greatly among sites from 0.57 ind.ha-1 in Sonneratia zone to 4.96 

ind.ha-1 in the Avicennia zone (Table 5.2). Bird diversity was greatest in rainforest (α 

= 12.18; Q = 12.39) and in mangroves associated with rainforest (Chapter 2). The 

evenness of species composition for all species (E5) ranged from 0.4 in the 

Bruguiera zone to 0.7 in rainforest and fringe mangroves (e.g. Exocecaria, 

Xylocarpus).  

 

Table 5.1. Bird species diversity for all species in the mangrove zones including vine 

thickets (Rainforest) and fringe mangroves (FM). Text in bold and parenthesis 

represent the highest value(s) for a metric and 1 SE, respectively. 

 

Major Zones A.marina Brug. Ceriops Lumnit. Rhizop. Sonnerat. Rainforest FM. 
Mean no. of 
observations 

412  
(103.4) 

98 
(28.9) 

199 
(70.4) 

79 
(17.9) 

224 
(45.5) 

183 
(34.8) 

123 
(37.8) 

9.1 
(2.3) 

Richness 57 42 43 48 45 41 52 28 
Fishers 8.9 8.7 7.6 10.7 7.7 9.4 12.9 11.6 
Q statistic 10.5 9.6 8.0 9.5 8.5 9.4 12.4 9.2 
Simpson 0.08 0.22 0.14 0.08 0.08 0.08 0.05 0.09 
1/Simpson 12.1 4.5 7.3 12.7 12.6 12.7 18.7 11.2 
Shannon  
Wiener (H’)  

2.9 2.2 2.5 3.0 3.0 2.9 3.3 2.8 

eH’ (N1)  18.9 9.4 12.0 20.6 19.4 17.5 26.7 15.8 
E5 0.6 0.4 0.6 0.6 0.6 0.7 0.7 0.7 
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Figure 5.1. The relative abundance (%) of mangrove dependent species (MDS) in the 

mangrove zones including rainforest. 

 

Table 5.2. Bird species density for all bird species in the mangrove zones including 

rainforest. The effective detection area (ESW), estimated number of birds and the 

probability of detecting a bird in the mangrove zones are given. Standard error is 

shown in parenthesis. Text in bold represents the highest value(s) in a column. 

 

Major Zones Density  
(ind.ha-1) 
 (SE) 

Effective 
 detection area 
 (ESW) 

Probability of  
observing  
a bird in a zone 

Avicennia 4.96 (0.23) 25.68 0.13 
Bruguiera 1.12 (0.06) 18.86 0.10 
Ceriops 1.58 (0.07) 29.78 0.15 
Lumnitzera 0.90 (0.08) 26.99 0.14 
Rhizophora 1.76 (0.08) 32.68 0.17 
Sonneratia 0.57 (0.06) 30.00 0.15 
Vine 0.68 (0.07) 33.89 0.17 
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5.4.2 Indicator species analysis 

MDS were well represented within the major zones in the mangroves except for the 

fringe mangroves including the Lumnitzera zone (Table 5.3). The top five indicator 

species for each mangrove zone are listed in Table 5.3. From one to four of these 

species were dependent on mangroves except in Lumnitzera and rainforests, which 

had no MDS as indicators. In some cases, a mangrove dependent species was an 

indicator in more than one zone. For instance red-headed honeyeaters in three zones 

and mangrove robin and mangrove gerygone in two zones each.  Mangrove gerygone 

had the highest IndVal of all the species and is strongly associated with the Avicennia 

zone.  

Most of the MDS were represented in the Ceriops zone, suggesting this dense 

and wide zone may provide the most suitable mangrove habitat for these species. 

Shining flycatcher and striated heron are indicator species of the Rhizophora and 

Sonneratia zones, respectively. As expected none of the MDS scored a high IndVal 

in the intertidal area of Lumnitzera zone which was dominated by transient species 

(e.g. double-barred finch, orange-footed scrub-fowl). The collared kingfisher 

(Todirhamphus chloris) and the smaller forest kingfisher (T. macleayii) showed 

obvious partitioning among zones, the former largely restricted to the Soneratia zone 

and the latter favouring more landward zones. No MDS scored a high IndVal in the 

rainforest and as expected a common woodland species, brush cuckoo appeared as an 

indicator species for this habitat type.  
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Table 5.3. The five indicator species with the highest IndVal in each zone, bold text 

indicates MDS. Final column indicates p value, with significant indicators in bold.  

ZONE (%) IndVal  
Avicenna   
Rufous-banded honeyeater 59 (0.100) 
Mangrove gerygone 56 (0.001) 
Bar-shouldered dove 44 (0.003) 
Rainbow bee-eater 40 (0.001) 
Magpie lark 38  (0.007) 
Bruguiera  
Red-headed honeyeater 22  (0.242) 
Large-billed gerygone 9  (0.019) 
Large-tailed nightjar 9  (0.404) 
Brown honeyeater 7 (0.097) 
Mangrove robin 6 (0.076) 
Ceriops  
Yellow white-eye 25  (0.018) 
Brown honeyeater 24  (0.097) 
Mangrove robin 23  (0.076) 
Mangrove gerygone 22  (0.001) 
Red-headed honeyeater 16  (0.242) 
Lumnitzera  
Green-backed gerygone 28  (0.035) 
Double-barred finch 24  (0.062) 
Orange-footed scrubfowl 22  (0.072) 
Crimson finch 18  (0.070) 
Bar-shouldered dove 12  (0.003) 
Rhizophora  
Shining flycatcher 40  (0.006) 
Black butcherbird 38  (0.006) 
Chestnut rail 37  (0.016) 
Large-billed gergone 36  (0.019) 
Broad-billed flycatcher 33  (0.020) 
Sonneratia  
Striated heron 53  (0.001) 
Collared kingfisher 45  (0.005) 
Lemon-bellied flycatcher 25  (0.039) 
Banded honeyeater 25  (0.053) 
Little friarbird 22  (0.045) 
Fringe mangrove  
Red-backed wren 3  (0.250) 
Striated pardalote 2  (0.642) 
Re-headed honeyeater 1  (0.242) 
Rainbow bee-eater 1 (0.001) 
Mistletoebird 1  (0.022) 
Rainforest  
Brush cuckoo 39  (0.007) 
Olive-backed oriole 33  (0.008) 
Yellow oriole 25  (0.093) 
Figbird 25  (0.034) 
Forest kingfisher 22  (0.045) 
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5.4.3 Habitat heterogeneity 

Plant structure and physiognomy differed between sites. CDNP had the highest stem 

densities in the <2cm DBH class, which mainly derived from the dominance of the 

Ceriops zone (Table 5.4). LLA had the tallest mangrove stand comprising A. marina 

along the creeks. LNY and LLA had the highest percentage of grass cover (38.5% 

and 21.7%, respectively), which was distributed within the stunted A. marina zone. 

In addition, rainforest also had relatively more grass cover than most mangrove 

zones (Table 5.3). Canopy cover in the mangroves was relatively high, ranging from 

40 to 50 %, while the area of saltpan increased significantly with the area of the 

mangrove (F1, 12 = 6.6, P = 0.026, R2 = 0.375). Mean tree species richness for 

mangroves in the Darwin region was 11.7 (SE = 2.37). The most diverse patch was 

BC (Fisher's α = 6.19) with 25 species while LNR (Fisher's α = 0.65) had the lowest 

plant richness patch with only 3 species. The presence of rainforest greatly increased 

plant richness (and bird species richness) in a mangrove complex.  

 

 
 
Figure 5.2. Bird species richness declined significantly with increasing distance from 

tidal creeks in the mangroves (F1, 52 = 366.31, P < 0.001, R2 = 0.88). 

 
The average number of creeks increases with the size of the mangrove stand   (F1,12 = 

4.57, P = 0.056, R2 = 0.294), while the modal number of mangrove zones at a site 

was 4 (SE = 0.41). Bird species richness was greater near tidal creeks (Figure 5.2). 

Most of the species from the predator functional guild (e.g. kingfishers, striated 

heron) were common near the creeks.  
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Table 5.4. Comparison of habitat variables measured from each dominant mangrove zone, weighted and averaged for 13 sites around Darwin. DBH = 
diameter at breast height; HC = height class and VP = vertical profile. Sites abbreviations are given below. 
Habitat variable BC BV CCR CDNP EAB EAH EAT EP LLA LNR MDL NGLF RC Range 
Density by DBH class  (stems/0.025ha)               
DBH>10 3.8 1.7 3.3 1.65 1.2 2.3 1.0 2.0 2.5 2.8 3.1 2.2 2.1 1.2-3.6 
DBH>2 49.5 73.1 33.0 45.3 45.0 18.0 51.5 16.8 18.5 40.0 8.0 20.0 19.0 8-73.1 
DBH<2 848.6 626.0 379.8 944.4 823.8 264.8 822.2 83.1 61.7 89.6 0 72.0 669.7 0-944.4 
Density by height class (stems/0.025ha)               
HC1 (0-2) 775.1 540.6 309.7 968.2 934. 265.0 806.7 106.0 74.2 94.4 0 72.2 370.6 0-968.2 
HC2 (2-4) 29.8 57.9 14.5 17.2 26.5 11.1 48.6 6.6 1.0 27.20 0.8 7.0 24.5 0.8-58.0 
HC3 (4-6) 3.9 2.0 5.0 1.8 3.9 2.3 7.7 3.0 5.0 2.80 2.4 1.4 1.5 1.4-7.7 
HC4 (6-8) 1.5 0.1 2.0 0.7 0.2 0.7 1.4 0.8 2.1 0 2.1 1.0 0.3 0-2.02 
HC5 (8-10) 1.6 0 0.4 0.2 0 0 0.6 0.7 0.6 0 0.5 0.2 0.4 0-1.6 
HC6 (10-12) 1.6 0 0.10 0 0 0 0 0.1 1.5 0 1.1 0.3 0.2 0-1.6 
HC7 (12-14) 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0-0.5 
Vertical profile (%)               
VP (0-2m) 45.0 4.00 37.0 50.5 36.6 42.0 41.1 45.6 20.2 40.1 21.1 29.2 45.6 20.2-50.5 
VP (2-4m) 40.3 44.9 39.8 33.2 45.1 51.1 40.3 31.4 30.3 38.8 28.7 24.4 37.9 24.4-51.0 
VP (4-6m) 32.6 26.5 32.6 20.7 28.3 36.6 25.3 29.1 36.4 16.4 45.0 30.7 24.7 16.4-45.0 
VP (6-8m) 25.5 5.0 19.8 11.5 10.0 10.8 12.9 27.1 29.7 0 45.9 28.5 18.2 10.0-45.7 
VP (8-10m) 12.9 0 10.0 5.7 0 0 9.1 14.8 35.8 0 42.1 18.0 1.0. 0-42.1 
VP (10-12m) 6.4 0 6.6 0 0 0 0 0 23.9 0 8.1 7.0 5.0 0-23.9 
VP (12-14m) 0 0 3.3 0 0 0 0 0 0 0 0 0 0 0-3.3 
Grass cover (%) 16.1 0 18.9 9.8 13.5 0 0 21.1 21.7 38.5 0 0 0 0-38.5 
Canopy cover (%) 49.3 43.3 44.2 43.5 46.1 46.9 41.1 43.7 39.6 40.8 44.3 39.8 46.4 39.6-49.3 
Plant species richness 25.0 7.0 27.0 9.0 11.0 9.0 8.0 27.0 7.0 3.0 5.0 7 7.0 3.0-27.0 
Saltpan size (ha) 9.2 0 0.5 17.4 0.7 3.1 3.6 0.8 2.2 8.0 0 0 1.8 0-17.4 
No. of pencil roots (Avicennia sp.) 620.0 216.0 385.6 522.6 112.0 1212.2 435.6 2637.0 2308.6 4227.2 1166.4 1762.4 1699.6 112-2637 
No. of knee roots (Bruguiera sp.) 123.4 159.4 13.6 79.8 609.6 0 214.8 38.1 27.2 0 150.4 0 108.0 0-609.6 
No. of zones 5 4 5 4 4 5 5 5 4 1 2 3 5.0 1-5 
*No of garbage items 0.2 4.4 1.4 0.1 0 0.9 0.2 1.5 3.4 5.5 3.0 0.3 9.8 0-5.5 
*No of tracks 0.1 0 0.3 0 0.3 4.5 0 3.5 0.4 1.0 0.5 0 0.03 0-4.5 
*Bare ground (%) 43.1 38.6 36.9 41.2 40.6 39.4 43.9 45.8 40.3 45.5 48.9 38.6 44.7 37.0-48.9 
*Vegetation diversity (Fisher's α) 6.2 1.4 6.2 1.4 1.9 1.7 1.4 7.8 1.8 0.7 2.1 1.8 1.2 0.65-6.19 
               
*Variables that were not considered for PCA. BC, Buffalo creek; BV, Bay view; CCR, Casuarina Coastal Reserve: CDNP, Charles Darwin National Park; EAB, East Arm 
Barrage; EAH, East Arm Hamaura; EAT, East Arm Train; EP, East Point; LLA, Ludmilla; LNR, Leanyer; MDL, Mindil; NGLF, Nightcliff; RC, Rapid Creek. 
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5.4.4 Habitat heterogeneity and bird species composition 

Broken stick eigenvalues indicate that the first principal component (PC1) captured 

more variance than expected by chance and selection of the 25 habitat heterogeneity 

variables was based on the variable weightings for the first two component axes. 

 

Table 5.5. PCA on the correlation matrix of the 25 habitat heterogeneity variables. 

Eigenvalue and broken-stick eigenvalue is presented for the first axis. 

 
Category Eigenvalue % of  

variance 
Broken-stick  
Eigenvalue 

% of variables  
selected 

No of 
species 

Overall Species 15.4 38.7 4.8 29 70 
Interior species 13.2 41.0 4.7 38 61 
MDS 4.7 65.5 3.0 21 12 
Overall species  
density 

13.3 34.3 4.8 38 70 

 
 

For MDS the habitat variables selected from the PCA accounted for 65.5% of 

variance in the data as compared to 38.7% when all the species were examined. This 

suggests that the MDS are more strongly influenced by habitat heterogeneity than 

other categories of bird species (Table 5.5). The number of mangroves zones at a site 

was an important habitat heterogeneity variable and was included among the most 

influential variables for all categories of bird species, except MDS (the latter are 

widely distributed in the mangroves) (Table 5.6). The number of mangrove zones 

was correlated with mangrove plant species richness (excluding the rainforest 

species).
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Table 5.6. Pearson and Kendall correlations from a Principle Components Analysis of habitat heterogeneity variables and species 

richness.  

 
(a) Interior  species (b) Overall  species density (c) Overall species richness (d) MDS richness 
Variables Axis R2 Variables Axis R2 Variables Axis R2 Variables Axis  R2 
DBH<2 1 0.38 VP4-6 1 0.37 HC5 1 0.48 DBH<2 1 0.28 
HC1 1 0.38 VP12-14 1 0.32 Zones 1 0.38 HC1 1 0.27 
Zones 1 0.28 Zones 1 0.43 Plant richness 1 0.60 VP0-2 1 0.36 
Saltpan 1 0.36 Plant richness 1 0.49 Canopy cover 1 0.34 Saltpan 1 0.68 
VP4-6 2 0.48 Canopy cover 1 0.32 DBH>10 1 0.28 DBH>2 2 0.25 
VP6-8 2 0.31 Pencil 1 0.31 Grass (%) 2 0.35    
Saltpan 2 0.51 DBH>2 2 0.27 Pencil 2 0.48    
Grass (%) 2 0.41 Grass (%) 2 0.64       
Pencil 2 0.27 Pencil 2 0.31       
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5.4.5 Habitat heterogeneity predictors of bird species richness and density 

Akaike weightings (wi), reflecting the relative importance of habitat heterogeneity 

variables, were low and thus the relative importance of heterogeneity variables to 

bird species richness was generally low across the species categories, and between a 

priori candidate models. Plant species richness was influential only in the case of 

total bird species richness (wi = 0.21). Habitat heterogeneity variables had little 

influence on MDS and interior species (Table 5.7). The explained deviance ranged 

between 3.1% -54.3%. 

For overall bird species richness the model that best fit the data included only 

plant species richness, although a wi = 0.21 suggests considerable model selection 

uncertainty. From model averaging, plant richness had a relative importance (wi+) of 

0.49 compared to the next most influential variable, grass cover, which had a wi+ of  

0.29 (Table 5.8). For the other bird species categories the best fit models based on 

AICc  included only percent grass cover where interior species were concerned and 

only stem density in the <2cm DBH class  for MDS richness (Table 5.7), suggesting 

that dense undergrowth is an important factor for mangrove dependent species. The 

bird density is closely related to the plant richness and the density of pencil roots 

which directly relates to the presence of A. marina. This relationship supports the 

hypothesis that birds are attracted to A. marina because of the higher resources 

abundance on this plant species. The evidence ratio for the best model versus the 

second best model is 1.78 suggesting that these models are closely related. There was 

a trend of increasing insectivore richness (including insectivorous honeyeaters) with 

the plant species richness in the mangroves (F1, 12 = 4.03, P = 0.07, R2 = 0.27). A 

significance relationship was detected between seed dispersers richness and plant 

richness in the mangrove complex (linear regression: F1, 12 = 4.77, P = 0.05, R2 = 0.3) 

suggesting this functional group plays an important role in dispersing seeds in the 

rainforest. 
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Table 5.7. Results of the model selection procedure for (a) overall species, (b) 

interior species (c) MDS and (e) overall species density. For each model: Δ AICc is 

the difference between the model’s AICc value and the minimum AICc of all models 

in the a priori set of models; wi is the Akaike weight for a model, representing the 

probability of a model being the best in the a priori set; explained deviance is the 

proportional reduction in residual deviance, relative to the null model; (K) is the 

number of estimable parameters. Models are ranked in ascending order of Δ AICc and 

only the models with ΔAICc <4 are shown.  

Model Δ AICc -2loge 
(L(θ)) 

AICc K wi Explained 
 deviance 

Overall species richness       
Plant richness  0 7.6 12.8 2 0.21 38.5 
Canopy cover 1.6 9.3 14.5 2 0.09 25.3 
Zones 1.8 9.5 14.7 2 0.08 23.9 
HC 5 2.5 10.1 15.3 2 0.06 18.7 
Zones + grass 2.5 6.7 15.3 3 0.06 46.5 
Plant richness + canopy cover 2.6 6.8 15.5 3 0.06 45.4 
Plant richness + grass 3.0 7.2 15.8 3 0.05 42.5 
Grass 3.1 10.8 16.0 2 0.04 13.5 
Plant richness + pencil root 3.4 7.6 16.2 3 0.04 39.2 
Interior species richness       
Grass 0 3.0 8.2 2 0.11 19.7 
Zones 0.03 3.1 8.3 2 0.11 19.0 
VP 4-6 0.1 3.2 8.4 2 0.10 16.4 
DBH<2 0.4 3.4 8.6 2 0.09 10.0 
VP 6-8 0.4 3.4 8.6 2 0.09 9.3 
HC1 0.5 3.5 8.7 2 0.09 7.3 
Saltpan 0.6 3.7 8.9 2 0.08 3.1 
Zones + grass 2.4 1.9 10.6 3 0.03 48.8 
MDS richness       
DBH<2 0 2.5 7.7 2 0.16 45.0 
HC1 0.1 2.5 7.7 2 0.15 43.1 
VP0-2 0.1 2.5 7.7 2 0.15 42.9 
DBH>2 0.7 3.1 8.3 2 0.12 30.3 
DBH<2 + VP 0-2 3.1 2.0 10.7 3 0.04 54.3 
DBH<2 + saltpan 3.5 2.4 11.1 3 0.03 45.3 
DBH<2 + HC1 3.5 2.4 11.1 3 0.03 45.2 
Overall species density       
Pencil root 0 14.6 20.0 2 0.21 38.9 
Pencil root + plant richness 1.2 12.1 21.1 3 0.12 49.4 
Grass 1.6 16.2 21.5 2 0.10 32.3 
Pencil root + zones 2.1 13.1 22.1 3 0.07 45.4 
Pencil root + grass 2.9 13.8 22.8 3 0.05 42.3 
Pencil root + VP 12-14 3.0 14.0 23.0 3 0.05 41.5 
Pencil root + canopy cover 3.0 14.0 23.0 3 0.05 41.5 
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Table 5.8. Relative influence of habitat heterogeneity variables (wi+) and 

unconditional standard errors (SE). 

 

 wi+ Unconditional SE 
Overall richness   
Plant richness  0.49 0.0048 
%Grass 0.29 0.0023 
%Canopy cover 0.28 0.0026 
Zones (n) 0.22 0.0023 
HC5 0.11 0.0015 
DBH>10cm 0.09 0.0010 
Pencil root 0.08 0.0009 
Interior species   
% Grass 0.25 0.0019 
Zones (n) 0.25 0.0019 
VP 4-6m 0.17 0.0017 
DBH<2cm 0.15 0.0015 
VP 6-8m 0.12 0.0014 
HC1 0.12 0.0014 
Saltpan (ha) 0.09 0.0012 
Pencil root 0.05 0.0005 
MDS richness   
DBH<2cm 0.33 0.0046 
VP0-2m 0.29 0.0043 
HC1 0.26 0.0043 
DBH>2cm 0.22 0.0034 
Saltpan (ha) 0.11 0.0020 
Overall species density   
Pencil roots 0.79 0.0047 
%Grass 0.28 0.0024 
Plant richness 0.20 0.0021 
DBH>2cm 0.16 0.0018 
VP4-6m 0.12 0.0015 
Zones (n) 0.10 0.0013 
%Canopy cover 0.06 0.0008 
VP12-14m 0.06 0.0008 
   
   

 

For relatively common generalist species their probability of occurrence 

increases monotonically with plant species richness (Figure 5.3). While species 

which are only seeking shelter in the mangroves occurs irrespective of the 

mangrove’s plant richness. Dense undestory is preffered by ground foragers such as 

mangrove robin (Peneoenanthe pulverulenta) and chestnut rail (Eulabeornis 

castaneoventris) (Figure 5.4). 



 111 

 
Figure 5.3. The probability of occurrence of a typical insectivore species (■, —) 

(Pachycephalidae: grey whistler), a common and generalist honeyeater species (▲,--

) (Meliphagidae: white-gaped honeyeater) and a transient granivore species (●, — -) 

(Estrildidae: chestnut-breasted mannikin) with increasing plant richness in the 

mangroves. Standard errors (SE) are denoted by vertical bars. 

 
 
Figure 5.4. Probability of occurrence of three MDS; Rallidae: chestnut rail (●, ─), 

Petroicidae: mangrove robin (▲, --) and Dicruridae: mangrove fantail (■, — —) 

suggests that species that frequently forage on the ground or understorey prefer dense 

undergrowth. Standard errors (SE) are denoted by vertical bars. 
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5.5 Discussion 

 

Habitat heterogeneity is an important factor influencing species composition in the 

mangroves. In general, increasing habitat heterogeneity is associated with an increase 

in bird species richness and diversity by accommodating more niches in a given 

space (MacArthur et al., 1962), and often these niches are distributed vertically in 

arboreal habitats (August, 1983). Although mangroves are relatively structurally 

homogeneous compared to other rainforest habitats, there is nevertheless structural 

complexity in mangroves derived from, for example, the mangrove species zonation, 

saltpan size, stem densities and the number and size of creeks. Some of this 

complexity increases with the area of the mangrove stand. Larger stands often have 

more creeks and larger saltpans. However the presence of rainforest in the mangrove 

patches is not influenced by patch size. Indicator species analysis demonstrates 

species associations with zones, thus larger stands may harbour more zone specialist 

(Chapter 3). Habitat heterogeneity and diversity has a demonstrable role in 

influencing mangrove bird community composition. 

A factor expected to be important for the occurrence of most species is 

habitat quality within sites (Berg, 1997). The total bird species composition is closely 

associated with plant taxonomic composition and configuration of the vegetation 

structure. The latter is consistent with a large body of literature which suggests that 

increasing structural complexity of the habitat is correlated with increasing bird 

species richness (Avicedo and Aide, 2008; MacArthur and McArthur, 1961; 

Rotenberry, 1985; Raman, 2006; Seymour and Dean, 2010). Tews et al. (2004) 

introduced the concept of key stone features that are distinct spatial structures 

providing resources and shelter to animal species within habitat mosaics. In this 

study the presence of pockets of rainforest in mangrove forest could be viewed as a 

keystone habitat feature which influences bird species richness. Rainforest provides 

variety in vegetation structure and floral diversity, which may in turn influence the 

availability of refuges, and foraging and nesting resources for birds within the 

mangrove and from the adjacent matrix. Rainforest provides a more heterogeneous 

habitat by adding complexity in vegetation structure in a relatively homogeneous 

mangrove stand and promote the co-occurrence of species. For example, bird species 

richness was significantly influenced by plant species composition in tropical rain 

forest fragments in India (Raman, 2006). Consistent with the latter proposition, 
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insectivorous bird species were more diverse in mangroves with greater plant species 

richness. The presence of rainforest may provide additional foraging substrates and 

niches which potentially enables complimentary foraging guilds to co-exist with 

reduced competition.  

On islands off Arnhem Land in the Northern Territory of Australia, 

Woinarksi et al. (2001) found a comparable relationship where bird species richness 

was high in habitats with dense tree cover especially in rainforest and mangrove 

forest.  Avicedo and Aide (2008) also found that high bird species richness was 

related to the complexity of forest structure, with high plant diversity and density of 

woody species in a complex understorey being the most important variables in karst 

forests of Puerto Rico. Similarly, Berg (1997) found species richness was positively 

correlated with mean tree species richness, diversity and dbh in a deciduous 

temperate forest in central Sweden. In my study, the percent canopy cover was the 

next most important variable (after plant species richness) in determining overall bird 

species richness. The importance of canopy cover has also been observed in savanna 

ironbark woodlands and tropical rainforest where canopy cover is a sensitive 

indicator of habitat alteration (Raman, 2006; Tassiker et al., 2006). The absence of a 

relationship between species richness and the vertical profile structure suggests that 

mangroves in general exhibit low vertical foliage complexity with monospecific 

stands mostly with single canopy layer which reduces the vertical stratification of 

niches in the mangroves. This further suggests that the horizontal stratification in 

mangroves, represented by species zones and microhabitat, could be more important 

than the vertical stratification for determining the structure of mangrove bird 

assemblages.  

Forest bird specialists are related to patch quality and plant species richness 

(Lees and Peres, 2006; Raman, 2006). The diversity of MDS was strongly affected 

by understorey vegetation density. Most MDS species preferred a dense understory. 

In the woodlands changes to vegetation structure are suspected to reduce bird species 

associated with dense vegetation (Tassiker et al., 2006). Hence retaining vegetation 

densities and the diversity of mangrove zones at a site is important for maximising 

MDS richness (Figure 5.5). Increasing density of woodland vegetation and canopy 

cover is the strongest predictor for many bird species in savanna woodland in 

northeast Australia (Tassicker et al., 2006). The latter may explain why many 

transient woodland birds are frequently observed in the mangroves. The presence of 
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grass (e.g. Sporobolus virginicus) at mangrove sites and the greater insect abundance 

associated with grasses may provide a plausible explanation for the increase in 

mangrove interior species (comprising 66% insectivores) at some sites. Saltpans in a 

salt tolerant grass matrix are also focal habitats for interior species further 

emphasising the importance of intrinsic mangrove patch quality for providing a 

diversity of resources such as nest materials as well as a diversity of food items.  

The overall species density was highest when an Avicennia zone was present 

(Table 5.2). Apart from the mangrove gerygone, no bird species were strongly 

associated with the distribution of A. marina. The presence of A. marina is closely 

related to food resource abundance and high abundance of stationary invertebrates 

has been reported from this plant species (Noske, 1996). The total bird species 

richness within each mangrove zone (Table 5.0) positively correlates with insect 

species richness within these zones as reported by Coupland (2002). Coupland 

(2002) found that in Darwin harbour A. marina had the greatest insect species 

richness followed by C. australis and R. stylosa, while S. alba had the lowest insect 

diversity. Similarly, bird species richness in my study was highest in A. marina and 

lowest in the Sonneratia zone. Consistent with Wells (1983), Metcalfe (2007) also 

reported relatively high macro-benthic invertebrate abundance in the Rhizhophora 

zone compared to Lumnitzera and fringe mangroves, which explains the relative 

abundance of MDS within these zones.  

Tidal creeks could potentially provide more food resources, both on the tidal 

mudflat and on plant foliage (Coupland, 2002; Metcalfe, 2007). Additionally 

Mulyani (2004) found insect abundance increases near the tidal creeks. The high 

abundance of food resources may have caused the high bird species richness near 

tidal creeks in the mangroves (Figure5.3). An increase in bird species richness in 

riparian zones compared to non-riparian zones was also observed in Australian 

savanna, due to the greater plant species richness and structural complexity of 

riparian zones (Woinarski et al., 2000). In addition, approximately 46% of the bird 

species recorded in this study had higher abundance in the riparian zones than non-

riparian habitats (Woinarski et al., 2000).  

Indicator species analysis showed a strong association between many MDS 

(33% of top 5 IndVal) and mangrove zones and is supported by the findings of Noske 

(1996). Even though the red-headed honeyeater had the highest IndVal in the 

Bruguiera zone it was not a significant indicator of this habitat i.e., although it 
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frequently used the Bruguiera zone, it also frequently used several other zones. The 

large-billed gerygone was significantly indicative of the Bruguiera zone. These 

findings suggest that the red-headed honeyeater used this zone opportunistically, 

especially during the flowering of B. exaristata, compared to the large-billed 

gerygone, which was resident year-round and frequently nested along tidal creeks 

associated with this zone.  This further supports Noske (1996) who suggested that the 

seasonal variation in the abundance of the red-headed honeyeater is attributed to 

available nectar sources in the mangrove zones and its breeding preferences. 

Mangrove gerygone was an indicator species of the Avicennia zone and is considered 

the most specialised of mangrove dependent birds, spending over 80% of its time in 

A. marina (Noske, 1996). The abundance of the mangrove gerygone increased with 

the size of salt pans at a site (F1, 12 = 8.2, P = 0.015, R2 = 0.43) and this species 

favoured low thickets of A. marina, particularly those surrounding saltpans and was 

most common at saltpan edges. Again this finding is consistent with Noske (1996) 

and Mulyani (1992). Saltpans are often ignored as an important mangrove feature 

and usually used for land filling (e.g., East Arm mangroves in Darwin harbour). In 

view of this, such practices should be re-evaluated and avoided where possible.  

Understanding the ecological importance of habitat types is necessary to 

conserve mangrove bird species. The two contrasting approaches (PCA and GLM) 

offer a consistent general conclusion, that high species richness (overall and MDS) 

and density in the mangroves was due to plant species richness, dense understory and 

food resource distribution. These findings stress the importance of habitat quality to 

the abundance of birds in mangroves. Plant species richness is the most important 

determinant for many insectivore and seed dispersers and maintaining associations 

between rainforest patches and mangroves in the Darwin region would have positive 

effects on many birds and plant species (seed dispersion, insect regulation). 

Mangrove patches embedded in or/and surrounded by rainforest or monsoon 

rainforest should not be considered low value conservation area, as is currently the 

case for the Kulaluk and Nightcliff-East point mangroves. These mangrove areas 

located within the northern suburbs of Darwin are currently being proposed for 

development and construction of a marina, respectively. Given the choice mangroves 

that have high habitat heterogeneity should be conserved first, particularly where the 

mangroves are closely associated with rainforest. Mangrove patches with intact 

canopy cover and dense undergrowth, and five to six mangrove zones should be 
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considered prime mangrove habitat for maintaining and conserving the maximum 

diversity and density of mangrove birds. 
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CHAPTER 6 
 

Resource Partitioning and Foraging Ecology of Mangrove Bird 

Communities 

 
6.1 Introduction 

 

Bird communities have often been used as model systems to understand the complex 

interactions among species that use similar resources (Recher and Holmes, 1985; 

Wooller and Calver, 1981). Except for mangrove dependent species, most species 

only use mangroves to forage and/or shelter (Luther and Greenberg, 2009; 

Nagelkerken et al., 2008; Noske, 1996). How species partition resources defines how 

communities are structured (Schoener, 1974). Resource partitioning has been 

demonstrated for various taxa including skinks (Goodman, 2007), grassland ants 

(Albrecht and Gotelli, 2001), insectivorous bats (Kingston et al., 2000; Nicholls and 

Racey, 2006), tropical fish (Herder and Freyhof, 2006), but bird assemblages have 

been explored most frequently (e.g. Calvi et al., 2000; Ford and Paton, 1976; Styring 

and Hussin, 2004; Wheeler and Calver, 1996; Wooller and Calver, 1981). However a 

constraint on most of these studies is obtaining information on all animal interactions 

in a species rich assemblage, necessary to understand how resources are partitioned 

(Lewinson and Prado, 2006; Wheeler and Calver, 1996). Mangroves are particularly 

a useful model for examining interactions because they have relatively few plant and 

bird species. 

Studies of how sympatric species differ in resource use can provide indirect 

inferences about how potential competitors manage to co-exist (Morin, 1999). 

Coexisting species in an assemblage separate their niche or ecological needs by 

partitioning resource along temporal, spatial and behavioural niche axes (Cody 1974; 

Schoener, 1974). Interaction that minimizes interspecific competition is an important 

mechanism that structures natural communities (Albrecht and Gotelli, 2001; Cody, 

1974). Interspecific competition and niche adjustment lead to clear patterns of 

community assembly or assembly rules for the co-occurrence of species (Diamond, 

1975). However, indirect effects, for example, differences in morphology or 
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predation, may alter species interactions so that co-occurrence is possible and 

competitive exclusion is avoided (Morin, 1999). 

Non-random patterns of resource use among interacting species can be the 

result of competitive interaction among species when resources are limiting (Cody, 

1974; Morin, 1999). To understand how birds partition resources, microhabitat use 

has been observed (Rotenberry and Weins, 1998), as well as quantitative and 

qualitative information on diet, foraging sites and behaviour (Styring and Hussin, 

2004). The overlap in resource use, most commonly food and microhabitat, among 

species is important to understanding how and why certain species coexist (Krebs, 

1999). Some studies have shown that closely related bird species partition food 

resources by using different vertical strata (Recher and Davis, 1998; Styring and 

Hussin, 2004; Walther, 2002), while others suggest that differential use of 

microhabitats is more important for species coexistence (Calvi et al., 2000; Cody, 

1974; Schoener, 1974).  

Although the diets of several mangrove insectivorous bird species have been 

documented (e.g. Johnstone, 1990), the relationship between insect abundance and 

niche partitioning has never been investigated. In the monsoon tropics of Northern 

Australia, which contains some of the most diverse mangrove communities in the 

world, a few studies have documented the phenology of mangroves and insect 

abundance (Noske, 1996, unpubl. data; McGuinness, 1997; Coupland et al., 2005).  

The strong seasonal availability of food resources (i.e. flower and insect availability 

relationship) undoubtedly influences bird species distribution and abundance in a 

habitat. For example, Woinarski and Tidemann, (1991) found that the variation in 

density of foliage gleaners was influenced by insect availability in the wet season in 

savanna woodlands in north Australia. In the mangroves, seasonal variation in the 

abundance of red-headed honeyeaters was attributed to local movements related to 

the availability of nectar sources (Noske, 1996).  

In Australia, studies of avian foraging ecology have focused on birds of 

eucalypt forest and woodland (Ford, 1989). These forests and woodlands have great 

value to primary industries (forestry and pastoralism, respectively) (Lindenmayer 

and Fischer, 2006; Recher and Holmes, 1985; Wheeler and Calver, 1996; Wooller 

and Calver, 1981). There are few studies of community ecology from the Australian 

tropics. Mangroves represent a larger proportion of the land area of the monsoon 

tropics than monsoon rainforest, yet have received less research attention. Noske 
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(1996) examined the foraging ecology of the bird community at one mangrove site 

near Darwin, while Metcalfe (2007) examined several sites. Noske (1996) concluded 

that the bird community was partitioned mainly by diet, the associated foraging 

behaviour and among mangrove tree zones. Unlike the Eucalyptus-dominated 

savannas and woodlands that dominate the region, mangroves had few nectarivores 

and granivores, and as mangroves do not produce fleshy fruits, there were also very 

few frugivores. Mangroves were dominated by a rich assemblage of insectivores, 

which unlike many nectarivores, were largely sedentary.  

Here I explore the nature of resource partitioning among mangrove bird 

species in the Darwin region. The following questions are addressed: 

 
a. How are resources used by mangrove bird species and how does this 

influence the structure of the mangrove bird community? 

b. What is the level of niche segregation and habitat partitioning shown by 

mangrove birds?  

c. How does flowering and insect phenology influence the seasonal patterns 

of density and composition of the bird community? 

 

6.2 Methods 

 

A combination of ordination plots, niche overlap metrics, specialisation metrics and 

species interaction networks analysis (Blüthgen et al., 2006, Lewinsohn et al., 2006) 

was used to investigate whether non-random patterns of resource partitioning exist 

among mangrove birds in terms of (1) foraging behaviour (behavioural partitioning), 

(2) foraging height (vertical spatial partitioning), (3) mangrove zone use (horizontal 

spatial partitioning), (4) foraging substrates (microhabitat partitioning), and 5) diet  

(food partitioning - insects and nectar).  

 

6.2.1 Foraging observations 

Birds were observed as long as possible while doing transect counts twice a month 

per site (n= 13). Only the initial foraging observation was used for analysis to avoid 

non-independence of data (Styring and Zakaria, 2004).  For each foraging bird 

encountered the following potential niche dimensions were recorded: mangrove zone 

– based on the major mangrove zonation; feeding substrate –ground, root, trunk, 
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branch, foliage, air and dead branch; food type –insect and flower by plant species; 

foraging height -height was estimated to the nearest 0.1 m below 2 m and to the 

nearest 0.5 m above 2 m (Recher and Davis, 1998) and grouped into four height 

classes (HC1: 0-0.2m; HC2: 0.2-2m; HC3: 2-4m; HC4: >4m);  Foraging 

technique/method was categorized as glean, snatch, hover, hawk, probe, drill and 

pounce (Ford, 1989; Noske, 1994; Noske, 1996: Woinarski and Tidemann 1991). 

Data collection methods are described in Chapter 2.  

 Species and their interactions were pooled for the 13 sites within the Darwin 

region. Foraging observations of bird species with fewer than 10 observations were 

excluded in the analysis (Recher and Davis, 1998; Styring and Zakaria, 2004). 

However, foraging behaviour less than 10 observations was used for records of the 

size of insects captured by mangrove birds. Where possible, invertebrates captured 

and eaten by birds were identified to order level, and their size estimated in relation 

to the bird’s beak length. 

 

6.2.2 Flowering phenology and insect availability 

Observations of flowering were made from March 2008 to March 2009 to estimate 

the availability of nectar to honeyeaters.  Phytophases were observed every month 

and monthly variation was recorded. Dominant flowering mangrove species were 

selected, namely Avicennia marina (grey mangrove), Aegiceras corniculatum (river 

mangrove), Bruguiera exaristata (rib-fruited mangrove), Ceriops australis (smooth-

fruited spur mangrove), Lumnitzera racemosa (white-flowered black mangrove), 

Rhizophora stylosa (stilt-root mangrove), and Sonneratia alba (pornupan mangrove). 

Mistletoes were rare and had a patchy distribution so were not included in the 

sampling. Ten mature individuals of each species were monitored at each site. 

Flowering peaks were defined as the dates during which most of the reproductive 

trees at the sites bore open mature flowers. Detailed methodology was described in 

Chapter 2. 

A quantitative estimate of the availability of flowers and thus nectar available 

to birds was derived from a food availability index based on the methods of Lawes 

and Piper (1992). The flower availability index for a species in a month was the sum 

of the availability indices for each species sampled during that month. The flower 

availability index was calculated using the formula; 
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 FAI = Drel x  Fpot x  Fpi x  Nprop, 

 

where Drel is the relative density based on  the mean estimate of stem densities of a 

species at a site corrected for quadrat area and for the contribution of each zone to 

the numbers of stems in the habitat; Fpot is the maximum flowering potential of the 

species where this value is constant for a species. The constant is based on the 

maximum proportion of the canopy volume given to a phytophase at the peak of the 

availability of that phytophase. Each plant species is ranked on a scale of 0.1-1, 

where 0.1 represents few flowers on a tree when flowers are at maximum availability 

and 1 represents a fully loaded canopy. In this case a lower rank for flowers was set 

by A. corniculatum = 0.4 and the upper limits by B. exaristata and R. stylosa both 

scoring 0.8.; Fpi = the mean percentage value for open flowers of a species; and Nprop 

= the proportion of flowering individuals of a species out of 10 individuals. 

To determine the availability of above-ground invertebrates over the year, a 

“sweep-net” technique was used once a month (Mulyani, 2002). A sample unit 

comprised 20 consecutive sweeps of the vegetation alongside the selected transect at 

each site. Insects were sorted and then grouped into seven size classes (IC1 = 

<0.5cm; IC2 = 0.5-1.0cm; IC3 = 1.0-1.5cm; IC4 = 1.5-2.0cm; IC5 = 2.0-2.5cm; IC6 

= 2.5-3.0cm and IC7 = >3cm). Details of data collection are given in Chapter 2. 

Seasonality of mangrove insect abundance was recorded for the wet and dry seasons. 

Initial observations made in February 2008 were excluded from this analysis to 

prevent double counting in the month of February.   Insect abundance for both 

seasons was compared using a paired t- test. The variability of species richness and 

density between months was also tested using repeated measures ANOVA.  

 

6.2.3 Ordination 

The most common use of ordination in community ecology is to tease out patterns in 

species composition (James and McCulloch, 1990; McCune and Grace, 2002). 

Ordination analysis is based on similarity indices where common species are 

generally given greater weight than rare species (McCune and Grace, 2002). The 

further species are located away from each other in ordination space, the more 

dissimilar they are in terms of their abundance. Principle Component Analyses 

(PCA) and Correspondence Analysis (CA) were used to explore patterns of species 
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co-occurrence in each resource partitioning category (e.g. Styring and Zakaria, 

2004). PCA reduces data to fewer ordination dimensions by forming linear 

combinations of variables and is also useful in classifying variables (McCune and 

Mefford, 1999). Correspondence analysis (CA) is an ordination technique with an 

already implied dissimilarity index where there is no need for data to be normally 

distributed. Correspondence analysis has been found to explain more variation in 

foraging data than other multivariate techniques (Blondel et al., 1988; Miles, 1990; 

Styring and Zakaria, 2004). CA was used to plot the species relationships based on 

their abundance in each of the foraging variables. In addition, PCA was used to 

reduce the parameters to an orthogonal set of variables that capture most of the 

variance. The resource variables selected in PCA were then plotted using CA. 

Multivariate analyses were performed using PCORD v4.34 (McCune and Mefford, 

1999) and MVSP 3.131 (Kovach, 2004). 

 

6.2.4 Bipartite “network” analysis 

Variation in interaction frequencies is important to understanding specialisation in 

consumer-resource interactions. Broad interpretation from the raw categorical 

foraging data is often not straightforward. An interaction web allows visualization of 

community structure and the ways species depend on one another (Tyliankis, 2008). 

Ecological specialization in an interaction network is commonly defined by the 

number of realized links. For instance, generalists are species with many links and 

specialist species are those with few links, all shared with the generalists. An 

example of a specialist is a pollinator which visits flowers from a few or specialized 

species only.  

Bipartite network analysis provides mathematical functions to visualise webs 

and calculates a series of indices commonly used to describe pattern in ecological 

webs. It focuses on webs consisting of only two trophic levels (e.g. plant-animal 

interaction) where visualisation is important to obtain overall trends or patterns, 

while the indices summarise different aspects of the web’s topology (Dorman et al. 

2009; Ramos-Jiliberto et al., 2010). A bipartite graph is normally used to visualise 

the interaction web where the plots of the actual web with categories are connected 

by lines. Recent examples using this method include pollination and seed disperser 

webs (Blüthgen et al., 2007; Jordano et al., 2003; Ramos-Jiliberto et al., 2010; 

Tylianakis et al., 2008). For the present study the two level networks of interactions 
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were tested between mangrove birds and six resource dimensions namely zone, food 

(flower and insects), behaviour, height and substrate. The term ‘group’ is used to 

explain the various parameters in each resource axis (e.g. height classes, insect size 

classes, mangrove zones). A quantitative resource axis and bird species assemblage 

matrix was constructed with columns corresponding to bird species and rows to 

various foraging variables (sensu Dormann et al., 2008). 

For the purpose of this study a selection of indices contained within the 

network analyses of the Bipartite package in R (R Development Core team, 2010) 

was used; 

1) The ‘connectance’ index (C) is the most widely used measure of community-wide 

specialisation. C is the proportion of the observed interactions to all possible links 

(Dunne et al., 2002) and is calculated by the sum of links divided by number of cells 

in the matrix. This is the standardised number of species combinations used in co-

occurrence analyses (Gotelli and Graves, 1996). The realized proportion of possible 

links C = L / (IJ) where L is the number of non-zero entries in the binary interaction 

network and I and J are as described below.  

2) Links per species (Lx) = Mean number of groups used per species (qualitative); 

sum of links divided by number of species. ( )JI
LLx +=  where L is the number of 

realized links in a network, I = the number of groups and J = number of interacting 

bird species (Dormann et al., 2009). 

3) Mean number of shared groups (Sg) based on the simplest measure of co-

occurrence and hence similarity in using the same groups of a resource axis by the 

birds (Roberts and Stone, 1990; Stone and Roberts, 1992). 

4) Togetherness, or T-score, describes the level of similarity in the distributional 

pattern of two species. The T-Score was used to identify biogeographical patterns 

(Stone and Roberts, 1992). It has been also applied to understanding the relationship 

between pollinators on different host plants (Dormann et al., 2009). In this case the 

T-Score is used to understand the relationship between mangrove bird species and 

their resource axis. Togetherness is based on the mean number of co-occupancies 

across all species-dimension-combinations where the matrix is scanned for sub-
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matrices representing perfect matches of co-presences and co-absences (Dormann et 

al., 2009). These are counted for each pair wise species combination and averaged 

(Stone and Roberts, 1992).  

5) C-score is the mean (normalised) number of checkerboard combinations across all 

species in a resource axis. Values close to 1 indicate that there is evidence for 

disaggregation, (through competition) within the network. Values close to 0 indicate 

aggregation of species (no resisting forces between species) (Stone and Roberts, 

1990). 

6) Niche overlap is the mean similarity in interaction pattern between species of the 

same trophic level, based on Horn’s index (Ro) (Horn, 1966). Values near 0 indicate 

no common use of niches, 1 indicates perfect niche overlap. Horn’s index is only 

slightly influenced by sample size and richness (Krebs, 1999); Ro = {∑ (pij+pik) log 

(pij+p ik) - (∑pijlogpij) - (∑piklogik)} / 2ln2 where Ro = Horn’s index of overlap for 

species j and k, pij = proportion resources i is of the total resources utilized by species 

j pik = proportion resource i is of the total resources utilized by species k.   

7) Evenness is the web interaction evenness, based on Shannon's evenness for the 

web links, treating zeros as no data (Dormann et al., 2009). Shannon’s index:  H = pij 

log2pij/log2F where F is the total number of group and bird interactions in the matrix 

and pij is the proportion of those interactions involving group i and bird j. An uneven 

network is one with high skewness in the distribution of interaction frequencies.  

8) Shannon diversity index was used to represent the diversity of interactions (i.e. 

network entries) (Dormann et al., 2009). 

9) The quantitative degree of mutual specialization among the two levels in the 

interacting networks was calculated following Blüthgen et al. (2006); H 2 = H2max 

- H2 / H2max - H2min (with H2 = two dimensional Shannon entropy, H 2 = 

standardized two-dimensional Shannon diversity). H 2 is a network-level measure 

of specialisation where it describes the level of specialisation, or selectiveness, of an 

entire bipartite network based on the deviation of a bird species’ realized number of 

interactions and that expected from each species’ total number of interactions 

(Blüthgen et al., 2006). It generalises the entire interaction web. The more selective a 
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species, the larger is H 2 for the web. It ranges between 0 (no specialisation) and 1 

(complete specialisation).  H 2 is a measure of discrimination, i.e. calculated in 

comparison of no specialisation (Dormann et al., 2009). 

10) Individual species specialization for each category was calculated quantitatively 

as the deviation from an expected overall use of potential groups. The specialisation 

index d' expresses how specialised a given species is in relation to what resources are 

on offer. The d' index is derived from Kullback-Leibler distance (as is Shannon's 

diversity index), and calculates how strongly a species deviates from a random 

sampling of interacting partners available. It ranges from 0 (no specialisation) to 1 

(perfect specialist) (Dormann et al., 2009). The abundances of the birds are 

incorporated so that the resource/ behaviour used and specialisation can be judged 

relative to the potential selection pressure. A bird species may be using a single 

group in a resource axis, but if this species is dominant, there is limited evidence for 

specialisation. Hence this species would receive a low value. In contrast, a bird 

species that uses the two least used groups in a resource axis would score a higher 

value of d'.  For example, in the case of an insectivore web, an insectivore species 

may be consuming from a single size class of insects, but if this insect size class is 

the most abundant class, then there is limited evidence for specialisation for that 

particular bird species. Hence this insectivore would receive a low specialization 

value. In contrast, an insectivore that only consumes the two rarest insect size class 

would have a very high value of d'. 

All tests were computed with the R v2.11 statistical programming language 

(R Development Core, 2010). The bipartite 1.10 (Dormann et al., 2008) and sna 

(Social Network Analysis; Butts, 2007) packages were used to calculate these 

indices.  
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6.3 Results 

 

6.3.1 Foraging ecology 

Of 5,320 observations of the activities of 43 bird species, only 1,714 (32%) were 

foraging behaviours (Figure 6.1). There was no obvious difference in foraging 

behaviour between the first and the subsequent sightings of individuals thus 

apparency bias is expected to be minimal. For nine species, 50 or more observations 

were obtained; 30-49 observations were obtained for 4 species, while 23 species 

were observed fewer than 10 times. Gleaning was the most commonly used foraging 

technique, being used by 31 bird species (insert Figure 6.1), and almost exclusively 

by gerygones and the yellow white-eye. Snatching was the most common foraging 

technique used by fantails and flycatchers. Red-headed and brown honeyeaters were 

probers and seldom gleaned prey (Table 6.1).  

Most of the insectivores foraged over a wide range of substrates but foliage 

was the most frequently used substrate in the mangroves (n=1166 observations, 28 

species; Table 6.1). Honeyeaters used foliage to glean and probe for insects and 

flowers, respectively. Several insectivores employed a ‘sit-and-wait’ strategy, 

spending most of their time stationary, then briefly chasing their prey through the air 

(hawking) or snatching it from leaves or bark, which explains why observations of 

perching were more frequent than foraging (Figure 6.0). Lemon-bellied flycatchers 

often flash their wings and spread their tail, probably to disturb insects when 

gleaning.  

Most species foraged in the tree canopy on insects and nectar with HC3 (2-

4m) being used by honeyeaters while the flycatchers used the sparse understory or 

snatched prey from above the canopy. Except for the rainbow bee-eater, the foraging 

height of mangrove bird species varied from 0 m to 18m.  The broad-billed 

flycatcher frequently snatched on branches in the understorey compared to the 

lemon-bellied flycatcher, which foraged at canopy level (Table 6.1).  The Arafura 

fantail and northern fantail foraged more insects from similar size classes but at 

different heights, HC2 and HC4, respectively.    
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Figure 6.1. Activities of birds (43 species) observed in mangroves; sample size is 

shown above each bar (total n = 5320). Insert: The percentage of all observation on 

all species where each foraging observation is shown. 
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Table 6.1. Foraging substrates, techniques and heights used by the most abundant bird species in mangroves of Darwin region. Substrates, Ar = 
air; Br = branch; Db = dead branch;Fl = foliage; Gr = ground; Rt = root; Tr = trunk techniques, Dr =drill; Gl = glean; Hk = hawk; Hv = hover; Pn 
= pounce; Pr = probe; Sn =snatch. Heights, H1= 0-0.2 m; H2 = 0.2-2 m; H3 = 2-4m; H4 = > 4 m. Zones, Av = Avicennia marina; Br = Bruguiera 
exaristata; Cr = Ceriops australis; FM = fringe mangroves; Lz = Lumnitzera racemosa; Rh = Rhizophora stylosa; Sn = Sonneratia alba; Ac = 
Aegiceras corniculatum; Rf = monsoonal rainforest and vine thickets. Bird species acronyms are shown in Table 6.2. 
 
Species  Foraging substrate (%) Foraging technique (%) Foraging height (%)(m) Zonal distribution (%) 
 N Ar Br Db Fl Gr Rt Tr Dr Gl Hk Hv Pn Pr Sn H1 H2 H3 H4 Mean SE Av Br Cr FM Lz Rh Sn Rf 
Gleaners                              
GBG 12 0 25 0 75 0 0 0 0 83 0 0 0 0 17 0 17 33 50 5.3 1.0 8 8 17 0 42 0 0 25 
LBG 154 0 13 1 81 1 3 1 0 84 1 2 0 0 13 0 28 36 36 3.9 0.2 32 13 9 4 8 26 2 5 
MG 103 1 8 0 89 0 1 1 0 92 1 0 0 0 7 1 51 38 10 2.7 0.2 80 1 8 2 5 4 0 1 
RBHE 94 1 15 2 81 0 0 1 0 64 1 0 1 30 3 0 33 44 23 3.4 0.2 59 4 3 0 5 10 15 4 
WGHE 54 4 33 6 44 0 4 9 2 49 0 2 0 42 6 0 26 30 44 4.2 0.3 22 20 7 2 6 7 24 11 
YWE 108 0 14 3 82 0 1 0 0 93 0 0 1 5 2 0 27 44 29 3.6 0.2 48 6 12 2 6 16 6 6 
VT 14 0 79 0 21 0 0 0 0 77 0 0 0 0 23 0 14 21 64 6.3 1.0 21 0 0 0 29 0 7 43 
Snatchers                              
AF 10 0 20 0 50 0 10 20 0 0 0 10 0 0 90 0 70 20 10 2.2 0.7 10 20 40 0 0 30 0 0 
BBFC 48 0 42 10 27 2 19 0 0 6 0 4 0 0 90 2 44 33 21 3.0 0.3 23 13 4 2 0 33 25 0 
GW 47 0 43 9 47 0 0 2 0 40 0 0 2 0 58 2 17 19 62 5.0 0.4 36 11 6 2 17 19 0 9 
LBFC 66 5 41 26 24 3 2 0 0 16 2 3 0 2 78 0 33 30 36 4.4 0.5 53 2 5 3 0 8 27 3 
LBFC 16 0 75 0 19 0 0 6 0 30 0 0 10 0 60 0 38 19 44 3.4 0.6 50 6 0 0 13 0 13 19 
MGW 11 0 27 0 36 0 9 27 0 64 0 0 0 0 36 0 27 18 55 4.4 0.9 9 9 9 0 0 64 9 0 
MR 12 0 17 8 0 17 17 42 0 8 0 0 42 0 50 8 83 8 0 1.1 0.3 0 50 33 0 0 17 0 0 
NF 44 2 55 23 20 0 0 0 2 2 0 0 0 5 91 0 18 20 61 5.5 0.5 41 14 2 2 7 23 5 7 
SF  50 14 12 4 0 32 22 16 2 17 15 0 27 0 40 20 58 10 12 1.7 0.4 28 14 16 0 14 18 8 2 
RBE 31 42 26 26 3 3 0 0 0 4 4 0 0 0 91 3 10 13 74 7.3 1.0 55 0 0 6 6 0 16 16 
Probers                              
BHE 265 0 12 1 86 0 0 0 0 23 0 3 0 71 3 0 28 40 31 3.8 0.1 17 32 4 5 9 13 14 7 
HFB 25 0 68 4 24 0 4 0 0 16 0 0 0 76 8 0 16 40 44 5.0 0.8 8 40 4 0 0 12 32 4 
RHHE 478 1 9 2 88 0 0 0 0 25 0 2 0 71 1 0 31 43 27 3.5 0.1 12 50 5 2 8 18 2 4 
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Table 6.2. Body mass of birds (g) and size (cm) distribution of insects/arthropods* captured by mangrove birds, based on estimates obtained in 
the field and the use of flowers by five species of honeyeaters in mangroves**. The availability of insect and flowers are based on monthly 
sweep net samples and the summed FAI respectively. 
Species Mass 

(g) 
IC1 IC2 IC3 IC4 IC5 IC6 IC7 N Mean SE Ac. Av Br Cr Lz Rh Sa N 

Gleaners                    
Green-backed gerygone (GBG) 6.5 89 11 0 0 0 0 0 9 0.4 0.1 0 0 0 0 0 0 0 0 
Large-billed gerygone (LBG) 7.0 80 15 5 0 0 0 0 65 0.4 0.0 0 0 0 0 0 0 0 0 
Mangrove gerygone (MG) 6.0 85 13 3 0 0 0 0 40 0.4 0.0 0 0 0 0 0 0 0 0 
Rufous-banded honeyeater (RBHE) 12.0 56 28 11 0 6 0 0 18 0.6 0.1 0 74 4 0 11 0 11 27 
White-gaped honeyeater (WGHE) 30.5 40 20 0 20 20 0 0 5 1.0 0.4 7 0 53 7 7 0 27 15 
Yellow white-eye (YWE) 9.5 67 21 9 0 3 0 0 33 0.5 0.1 0 0 0 0 0 0 0 0 
Varied triller (VT) 33.0 0 0 40 60 0 0 0 5 1.2 0.5 0 0 0 0 0 0 0 0 
Snatchers                    
Arafura fantail (AF) 10.0 40 60 0 0 0 0 0 5 0.5 0.0 0 0 0 0 0 0 0 0 
Broad-billed flycatcher (BBFC) 12.0 0 53 29 0 6 6 6 17 1.2 0.2 0 0 0 0 0 0 0 0 
Grey whistler (GW) 17.5 25 31 6 6 13 19 0 16 1.2 0.2 0 0 0 0 0 0 0 0 
Lemon-bellied flycatcher (LBFC) 12.0 27 36 9 5 14 9 0 22 1.1 0.2 0 0 0 0 0 0 0 0 
Little bronze-cuckoo (LBC) 17.0 64 18 0 9 0 0 9 11 0.9 0.3 0 0 0 0 0 0 0 0 
Mangrove golden whistler (MGW) 24.0 0 40 20 40 0 0 0 5 1.1 0.2 0 0 0 0 0 0 0 0 
Mangrove robin (MR) 21.5 0 60 0 40 0 0 0 5 1.0 0.3 0 0 0 0 0 0 0 0 
Northern fantail (NF) 13.0 0 67 17 8 8 0 0 12 1.0 0.1 0 0 0 0 0 0 0 0 
Shining flycatcher (SF) 20.0 28 39 11 6 11 0 6 18 1.0 0.2 0 0 0 0 0 0 0 0 
Rainbow bee-eater (RBE) 28.0 0 0 7 20 13 0 60 15 3.0 0.4 0 0 0 0 0 0 0 0 
Probers                    
Brown honeyeater (BHE) 10.0 40 40 10 0 10 0 0 10 0.7 0.2 4 8 45 4 11 11 18 171 
Helmeted friarbird (HF) 115.0 0 20 60 0 0 0 20 5 2.6 1.4 0 0 56 6 0 0 39 18 
Red-headed honeyeater (RHHE) 8.0 76 20 4 0 0 0 0 25 0.4 0.0 1 3 68 2 9 14 3 325 
Availability  766 793 137 23 5 6 19    400 109447 84346 224291 7539 38165 11141  

* Size classes IC1 = <0.5cm; IC2 = 0.5-1.0cm; IC3 = 1.0-1.5cm; IC4 = 1.5-2.0cm; IC5 = 2.0-2.5cm; IC6 = 2.5-3.0cm and IC7 = >3cm, ** the 
abbreviations used for mangrove flowers are given in Table 6.1. 
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Red-headed honeyeaters probed largely on B. exaristata and R. stylosa while brown 

honeyeaters obtained most of their nectar from B. exaristata and S. alba (Table 6.2). 

Generalising across the foraging activities in mangrove plant species, A. marina were 

important for insects while B. exaristata was used more frequently for foraging for 

nectar (Figure 6.2). The body mass of mangrove bird species was significantly 

correlated with the size of the insects captured (F 1, 19 = 29.90, R2 = 0.62, P = 0.000); 

in other words larger birds captured larger insect prey as expected from optimal 

foraging theory (Figure 6.3). Helmeted friarbird (HFB) the largest opportunistic 

insectivore, and rainbow beer-eater (RBE), which exclusively hawked, consumed 

larger insects compared to other species. RBE frequently fed on dragonflies. 

 
Figure 6.2. Types of food resources acquired by birds, based on mangrove zones, 

rainforest and the mangrove fringe (FM). 

 

The gerygones, yellow white-eye, red-headed honeyeater and rufous-banded 

honeyeater fed largely on small insects (<0.5cm), while brown honeyeater, 

flycatchers and grey whistler fed mostly on large insects (0.5-1.0cm) (Table 6.2). 
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Figure 6.3. Relationship between body mass of mangrove birds and insects captured 

by mangrove birds, based on estimates obtained in the field. Acronyms: RBE, 

rainbow bee-eater; HFB, helmeted friarbird. 

 

6.3.2 Ordination  

Both PCA and CA confirm that there is resource partitioning among guilds 

(insectivores and nectarivores) and between most bird species in the mangroves. 

Ordination showed substantial scatter for most of the categories, indicative of 

dissimilarity, which further suggests some species partition their resources more than 

others, while at the same time showing generalization in resource use. Foraging 

height was least partitioned compared to other resource dimensions (Figure 6.4a) The 

bird assemblage appeared randomly distributed among mangroves zones suggesting 

that there is no permanent meta-community structuring in the mangroves (Figure 

6.4b). White-gaped honeyeater (WGHE) and rufous-banded honeyeater (RBHE) 

consumed more insects than nectar in the mangroves placing them closer to the 

insectivores (Table 6.1) (Figure 6.4c). The varied triller gleaned mostly but placed 

with the snatchers as it used branches more than foliage to glean while mangrove 

robin (MR) and shining flycatcher (SF) which foraged mainly at the ground level 

clearly separated from the other species (Figure 6.4d). Additionally substrate 

preference was important in subdividing each group into more specific group based 

on insect size consumed. 
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Figure 6.4. Correspondence plot of two dimensional ordinations of (a) height, (b) 

zone, (c) behaviour, (d) substrate and (e) food (nectar + insect). Points are species 

where distance between sample units approximate dissimilarities in species 

composition. Species acronyms given in Table 6.1. 

 

Resource partitioning variables were reduced to 12 variables (branch, foliage, 

hover, probe, HC2, HC3, Brugueira and Rhizophora zones, IC1, IC2, B. exaristata 

and R. stylosa flowers) from a total of 40 using PCA. These 12 variables, when 

plotted using CA, showed resource partitioning between the nectarivores and 
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insectivores but lack of structure among the insectivores (Figure 6.5). Axis 1 which 

accounted for >60% of the variance was described by diet and behaviour, while Axis 

2 accounting for 10% of the variance was described by a combination of spatial 

partitioning, suggesting mangrove bird assemblage show weaker spatial than dietary 

and behavioural partitioning of resources. Vertical placement was categorized into 

three categories (1) ground; (2) mid to high canopy and (3) lower canopy. The green-

backed gerygone (GBG) was generally confined to Lumnitzera zone and foraged in 

the higher canopy and showed spatial segregation compared to the other species 

(Figure 6.5). 

 
Figure 6.5. Correspondence Analysis plot showing that the mangrove bird 

assemblage is structured more on its food and behavioural partitioning (63.5%) 

compared to spatial partitioning (10.4%). Bold line (▬) represent nectarivorous, ▬ 

▬ represents snatchers at mid to high canopy; ▬● represents gleaners at lower 

canopy.   

 

Arafura fantail and northern fantail are separated by axis 1 (diet and behaviour) 

(Figure 6.5) where the latter consumed larger insect (Table 6.1), whereas the 

whistlers and flycatchers are separated by axis 2 (microhabitat, zone and height). 
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6.3.3 Structure of interaction network 

The dominant bird species and mangrove zones were found at most of the 13 sites 

(Figure 6.6). Based on the network analysis it appears that mangrove birds partition 

food resources by partitioning the sizes of prey and also by the foraging modes they 

use. However, they show the most overlap in their use of foraging height strata (see 

both Ro and Sg). The C-score indicates little evidence for competitive exclusion as 

there were no discernable checkerboard distributions of species. There were low 

levels of specialisation among species on each resource axis and it appears that most 

species are generalist foragers.  

Connectance ranged from 0.51 to 0.83 for all resource or niche dimensions 

illustrating that most of the common species used most of the resources resulting in 

overlap in resource use (Table 6.3). The mean number of links (Lx) per bird species 

ranged from 2.17 in birds-flowers interactions (e.g. on average one bird species uses 

30% of the available flowering plants) to 4.5 in birds-zones interactions (e.g. on 

average one bird species use approximately 60% of the available zones), further 

suggesting specialisation on food resources and showing a generalised use of spatial 

niches or resources (Table 6.3). Accordingly, the bird assemblage had the highest 

similarity (Sg) in spatial partitioning compared to food resource and behavioural 

partitioning and these trends are consistent with the finding of multivariate analyses 

(Table 6.3). Togetherness (T) ranged from 0.09 (zonation) to 0.44 (foraging 

technique), implying that birds showed plasticity in horizontal distribution and 

specialisation in behaviour. The C-score values ranged from 0.14 to 0.35, indicating 

aggregation of species and further suggesting a lack of competition among species in 

the mangrove bird assemblage. Relatively high niche overlap was observed for all 

the foraging dimensions ranging from 0.5 to 0.79. The behavioural dimension 

consistently showed the lowest overlap confirming that mangrove birds specialized 

in their foraging behaviour while displaying generalization in their use of the spatial 

niche dimension. Web evenness was relatively high and ranged between 0.69 to 0.84, 

further demonstrating considerable overlap between species and guild dimensions. 

However, the network level measure of specialization (H 2) indicated high levels of 

specialization for foraging techniques. The web network is illustrated in Figures 6.6 

and 6.7.
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Table 6.3. Number of resource partitioning categories and the structure of bird-category web indices. Network web for zone interaction and bird-

flower interactions is illustrated in Figure 6.6. 

Interaction categories No. of 
 dimensions 

No of 
 birds 

Matrix 
 size 

C  Lx Sg T CS Ro E5 H’ H’2 

Food partitioning             
Insect size  7 20 140 0.53 2.74 5.52 0.34 0.22 0.52 0.84 3.63 0.31 
Nectar 7 4 35 0.74 2.17 2.90 0.11 0.17 0.60 0.70 2.30 0.16 
Spatial partitioning             
Foraging substrate 7 20 140 0.64 3.30 8.00 0.30 0.35 0.59 0.69 3.10 0.30 
Foraging height 4 20 80 0.83 2.80 13.00 0.41 0.14 0.79 0.83 3.50 0.07 
Horizontal distribution (zone) 8 20 160 0.79 4.50 12.78 0.10 0.47 0.57 0.82 4.00 0.15 
Behavioral partitioning             
Foraging techniques 7 20 140 0.51 2.60 4.90 0.44 0.14 0.50 0.72 3.10 0.44 
C, connectance; Lx, linkage level of bird species; Sg, Mean number of shared groups; T = togetherness, Cs = C-score, Ro = niche overlap, E5 
evenness, H’ = evenness, H’2 = specialization on network level.
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Figure 6.6. Quantitative bird-foraging category networks for mangrove zones. For 

each web, the width of the lower bars represents proportional mangrove zone 

abundance and the width of the upper bar represents bird species abundance, while 

the linkage width indicates the frequency of interaction. Lower bar from left Br- 

Bruguiera, Rh – Rhizophora, Lz – Lumnitzera, FM – fringe mangroves, Cr – 

Ceriops, V – Vine, Sn – Sonneratia, Av – Avicennia, upper bar species acronyms are 

in Table 6.1. 

 
Figure 6.7. Quantitative mangrove flower-nectarivore networks illustrating lack of 

specialisation (H’2 = 0.16). Widths of links are scaled in relation to interaction 

frequencies, bar sizes to total interaction frequencies.  Upper bar species acronyms 

are in Table 6.1. 
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Niche overlap (Ro) significantly declined when network specialization (H 2) 

increased (F1, 5 = 6.99, P = 0.05, R2 = 0.64) suggesting resources were partitioned 

more when networks were more specialized. In other words the niche overlap 

declined when there were more specialized bird species in an assemblage. At the 

species level, specialization (d') of birds was generally low with most species being 

generalists (Table 6.4). Two species indicated specialisation in one or more niche 

dimensions. Shining flycatcher indicated specialization in three niche dimensions 

namely substrate, height and behaviour while the varied triller specialized on certain 

mangrove zones and insect size. 

 

Table 6.4. Level of specialization (d') of bird species on different resources. The 

numbers shaded in bold indicate the most specialised species on a resource axis. 

Species Substrates Height Behaviour Zones Insect  Flower 
Arafura fantail 0.08 0.06 0.30 0.14 0.05 N/A 
Broad-billed flycatcher 0.17 0.01 0.40 0.10 0.28 N/A 
Brown honeyeater 0.06 0.00 0.16 0.04 0.02 0.04 
Green-backed gerygone 0.01 0.02 0.11 0.21 0.08 N/A 
Grey whistler 0.06 0.06 0.19 0.05 0.14 N/A 
Helmeted friarbird 0.15 0.02 0.07 0.11 0.31 0.15 
Large-billed gerygone 0.03 0.01 0.23 0.04 0.14 N/A 
Lemon-bellied flycatcher 0.18 0.01 0.31 0.16 0.09 N/A 
Little bronze-cuckoo 0.18 0.02 0.16 0.11 0.04 N/A 
Mangrove gerygone 0.05 0.06 0.25 0.25 0.14 N/A 
Mangrove golden whistler 0.13 0.03 0.11 0.14 0.25 N/A 
Mangrove robin 0.42 0.17 0.37 0.18 0.29 N/A 
Northern fantail 0.21 0.05 0.39 0.02 0.23 N/A 
Rainbow bee-eater 0.44 0.11 0.35 0.17 0.65 N/A 
Red-headed honeyeater 0.09 0.02 0.25 0.17 0.08 0.12 
Rufous-banded Honeyeater 0.02 0.01 0.06 0.11 0.02 0.52 
Shining flycatcher 0.61 0.21 0.41 0.04 0.04 N/A 
Varied triller 0.17 0.05 0.10 0.25 0.48 N/A 
White-gaped honeyeater 0.06 0.01 0.03 0.05 0.05 0.08 
Yellow white-eye 0.03 0.01 0.22 0.07 0.05 N/A 
MEDIAN 0.11 0.02 0.23 0.11 0.12 0.12 
 

6.3.4 Effect of climate seasonality on food resources 

One or more species of mangrove flowered in each month of the year, with March 

having the fewest flowers available. The dominant mangrove species flowered at 

predictable times of the year. L. racemosa flowered during the wet season, while R. 

stylosa flowered throughout the year with peak flowering towards the early wet 

season (Figure 6.8). Except for S. alba all the mangrove plants had a single flowering 
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peak. B. exaristata flowered during the dry season with the longest flowering period 

over six months from May to October. 

 
Figure 6.8. Flowering phenologies of seven species of mangrove from 13 sites (10 

individuals per site) in the Darwin region between March 2008 to March 2009. Bud 

(--); fresh flowers (—■—); old flowers (···●···). Bar below the bottom figure 

indicates the dry season. 

L. racemosa (n = 100)

0

10

20

30

40

50

60

M A M J J A S O N D J 09 F 09 M 09

A. marina  (n = 130)

0

10

20

30

40

50

60

M A M J J A S O N D J 09 F 09 M 09

A. corniculatum  (n = 10)

0
10
20
30
40
50
60
70
80
90

M A M J J A S O N D J 09 F 09 M 09

C. australis  (n = 100)

0

10

20

30

40

50

60

70

M A M J J A S O N D J 09 F 09 M 09

S. alba (n = 30)

0

5

10

15

20

25

30

M A M J J A S O N D J 09 F 09 M 09

R. stylosa (n = 110)

0

10

20

30

40

50

60

M A M J J A S O N D J 09 F 09 M 09

B. exaristata  (n =110)

0

5

10

15

20

25

30

M A M J J A S O N D J 09 F 09 M 09



 139 

A total of 3,749 arthropods were collected and measured from sweep samples 

at 13 mangrove patches. They represented the class Arachnida (spiders) and 13 

orders of insects. The mean size of arthropods was 4.5 mm, (SE = 0.006). Insects 

were present year-round, but varied significantly among months (Repeated measures 

ANOVA; F 13, 130 = 4.877, P < 0.001), with the highest abundance occurring in the 

mid and late dry seasons. The taxon with the highest abundance was the order 

Hemiptera (n = 2059), followed by spiders (n = 476). The fewest insects were 

recorded in the wet season months of November to March, the month with the lowest 

mean number being February (mean =10.82; SE = 1.56). The mean insect abundance 

in mangrove patches varied significantly between the two seasons (t = 3.62; P = 

0.005), being higher during the dry season (mean = 129.43; SE = 39.02) than during 

the wet season (mean = 90.45; SE = 16.65). 

The availability of flowers and insects generally showed similar trends 

(Figure 6.9). There was a bimodal peak in insect availability. FAI and insect 

abundance were weakly correlated (linear regression: F 1, 11 = 3.6; P = 0.08; R2 = 

0.26). The first peak of insect abundance during the early dry season coincided with 

the flowering peak of B. exaristata while the second peak in insect abundance during 

the late dry coincided with the flowering peak of C. australis.  

 
Figure 6.9. Flowering availability index (FAI = bars) and mean insect abundance (—

■—) between March 2008 and March 2009. SE is denoted by vertical whiskers. 
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Figure 6.10. The relationship between total bird density and insect abundance per 

mangrove patch in the Darwin region. Vertical bars represent variation in bird 

density measured as SE. 

 

Overall, bird density in the mangroves was significantly influenced by insect 

abundance (F1, 12 = 7.3, P = 0.02, R2 = 0.4) (Figure 6.10). The relationship between 

bird density and insect abundance among mangrove sites was significant during the 

wet season (F1, 12 = 7.2, P = 0.009, R2 = 0.6), but not during the dry season (F1, 12 = 

3.4, P = 0.09, R2 = 0.3). Thus, bird density and insect abundance relationships varied 

significantly by season (paired t-test, t = 2.63, df = 11, P = 0.025) further suggesting 

that the seasonal fluctuation in insect resources influences bird density in the 

mangroves. In contrast, nectarivore and overall bird species richness was not 

influenced by FAI or insect availability (P>0.05). 
 

6.4 Discussion 

 

Various studies have confirmed that structurally complex habitat supports more 

species than structurally simple habitats because additional resource dimensions are 

available (Cody, 1974; Finch, 1989; MacArthur and MacArthur, 1961; Goodman, 

2007). In mangroves, which have a simple vegetation structure, the bird assemblage 

is also simple in structure with low diversity. High flexibility in interactions suggests 

that, to persist and coexist in the mangroves, birds adopt an opportunistic and 

generalist use of resources. Multivariate analysis confirmed a structured assemblage 
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observations could have influenced results but was considered minimal because there 

was no obvious difference in foraging behaviour between the first and the subsequent 

sightings of individuals.  

Competition is considered an important mechanism in structuring bird 

communities (Diamond, 1975; Wiens, 1989; Albrecht and Gotelli, 2001).Various 

studies have shown that spatial partitioning is an important factor in structuring many 

faunal communities (Albrecht and Gotelli, 2001; Calvi et al., 2000; Cody, 1974; 

Frith, 1984; Goodman, 2007; Hofer et al., 2004; Hon-Kai, 2009; Pianka 1973; 

Recher and Davis, 1998; Schoener, 1974; Styring and Hussin, 2004; Walther, 2002; 

Winemiller and Pianka, 1990). This is not the case for mangrove bird assemblages. 

The lack of spatial resource partitioning among species, especially among 

insectivores in the mangroves of the Darwin region, suggests that interspecific 

competition for space is not an important factor structuring bird assemblages in this 

habitat. Furthermore, if competition is a strong structuring force then a non-random 

spatial distribution is expected (Hofer et al., 2004). Resource partitioning was only 

clear for behaviour and food resources (Figure 6.5). The relationship between 

resource partitioning and intensity of competitive interaction remains unclear (Morin, 

1999). The involvement of interspecific competition in coevolution and community 

structure is debated (Connell, 1980).  

However it should be realised that resource partitioning does not necessarily 

imply only present-day competition but may also have been caused by co-evolution 

of competitors, “the ghost of competition past” (Krebs, 2009; Morin, 1999; 

Rozenweig, 1987; Weins, 1984). The segregation between species based on their 

behaviour and food resources may relate to the relatively recent and possibly diverse 

evolutionary origins of mangrove birds, which include both rainforest (Schodde et al. 

1982; Ford, 1982) and sclerophyll forest or woodland ancestors (Noske 1996). Noske 

(1996) argued that the mangrove fantail (Rhipidura phasiana), broad-billed 

flycatcher (Myiagra ruficollis) and the mangrove gerygone (Gerygone levigaster) 

originated from open forest have adapted with specific niche in the mangrove. 

Therefore, resource partitioning in itself cannot be a reliable indicator of the 

occurrence of present-day competition.  

Bird species overlapped with others in at least one resource dimension, with 

niche overlap ranging from 50% to 80% between resources including foraging 

technique and height. Similar trends were observed in a rainforest bird assemblage in 
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northern Queensland where Crome (1978) reported a 38% overlap among species in 

foraging behaviour and 90% for overlap in habitat use. Niche overlap is reduced 

when species in a network specialise on a resource dimension.  Mangrove birds were 

more specialized in their foraging technique (H’2 = 0.44) than in other resource 

dimensions, and were most generalized in their foraging heights (H’2 = 0.07).  

Although certain bird species are known to confine themselves to specific 

mangrove zones (Noske, 1996; present study), species composition appeared 

randomly distributed in mangrove zones showing no clear permanent meta-

community structure within major mangrove zones. This suggests that excluding the 

‘zone specialists’ (e.g. collared kingfishers (Todirhamphus chloris), mangrove 

gerygone (Gerygone levigaster) and green-backed gerygone(Gerygone chloronotus), 

many mangrove birds are resilient to changes in horizontal structure or zonation and 

thus adapt to the varying floristic composition between patches. 

The data on the foraging heights of mangrove birds indicated that groups of 

species foraged within three major strata. An ordination of 20 bird species 

distinguished a small discrete group of specialised ground foragers (shining 

flycatcher, Myiagra alecto and mangrove robin, Peneoenanthe pulverulenta) from 

those that foraged at canopy level. Moreover, within the canopy, the honeyeaters and 

rainbow bee-eater preferred higher strata while 3 species (broad-billed flycatcher, 

arafura fantail and mangrove gerygone) specialized on mid-storey strata. The mono-

specific stands of mangroves with high biomass of leaves concentrated in the canopy 

stratum in all mangrove zones, provides suitable substrate for foliage gleaners, 

leaving the open understory for snatching insectivores distributed in the mid-storey. 

The large number of insectivores in the canopy also suggests that mangrove canopy 

has high densities of insects. The results from this analysis further support the 

findings from the previous chapter, namely that canopy cover is one of the important 

factors influencing bird species richness and community structure in mangroves.  

Partitioning of insect resources through different foraging behaviours has 

been reported in several Australian bird communities (Crome, 1978; Wheeler and 

Calver, 1996; Wooller and Calver, 1981) and the mangrove bird assemblage is no 

exception. The size-based separation of insects as well as the use of different 

substrates and foraging behaviours causes substantial partitioning of the diet among 

the bird species, in spite of there being limited dietary diversity. For example, 

smaller foliage gleaning insectivores, like the mangrove gerygone (6g), preferred 
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small insects (<0.5cm), while the varied triller; Lalage leucomela (33g) consumed 

larger insects. Bird species may have concentrated on particular prey size due to 

slight differences in bill and wing morphology, which cause them to forage in diff 

ways and in places where that prey are concentrated. When compared to other 

habiatat type insectivorous species are well represented in mangroves in spite of low 

plant species diversity, whereas the relatively low diversity of nectarivores reflects 

the scarcity of mangrove plant species with large, nectar producing flowers (Noske 

1998). Optimal foraging theory predicts selection for generalization in both 

insectivorous and nectarivorous species (e.g. MacArthur and Pianka, 1966; Snow and 

Snow, 1971). Only a few species of ground foragers (e.g. shining flycatcher, 

Myiagra alecto; mangrove robin, Peneoenanthe pulverulenta; chestnut rail, 

Eulabeornis castaneoventris) are represented in the mangroves, possibly because of 

tidal flooding in mangroves, which greatly restricts foraging time for ground 

foragers. For example, some large insectivores like the mangrove robin (22g) and 

shining flycatcher (20g) use crustaceans during low tide and probably feed on insects 

during high tide and thus have a broad diet and are dietary generalists. Not 

surprisingly, small insects (<0.5cm) formed a large part of the diet of many 

mangrove bird species, especially the foliage gleaners, since this size class 

constituted 74% of invertebrates sampled from the mangrove foliage. The red-headed 

honeyeater (Myzomela erythrocephala) fed more frequently on spiders than the strict 

insectivores, and was occasionally seen picking insects or spiders from spider webs.  

Overall bird density significantly increased with insect abundance and varied 

between seasons among mangrove patches. The seasonal availability of insects has 

been reported to affect the breeding and distribution of some mangrove species 

(Mulyani, 2004; Noske and Franklin 1999). Woinarski and Tidemann, (1991) 

examined insect seasonality in a semi-arid deciduous savanna c. 200 km south of 

Darwin, and found that insect abundance peaked in the wet season and declined 

dramatically during the dry. They found that variation in foliage gleaner density was 

influenced by insect availability in the wet season in woodlands. Insectivores from 

neighbouring habitats, especially savannah, may move into the mangroves in the late 

dry season because insects are most abundant then.  The seasonality of insect 

abundance in this study corroborates Mulyani’s (2002) study of mangrove insects, 

where insect abundance was higher during the dry season. Total bird density was 

significantly related to insect abundance during the wet season only, possibly 
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because bird density during the dry season is limited by the size of breeding 

territories, while the reduced insect availability of the wet season may exert more 

direct control on the number of birds able to be supported.  

The findings from this study are also consistent with Lefebvre and Poulin 

(2000) who showed that arthropod abundance was an important determinant of bird 

abundance in mangrove forests of Venezuela and Panama. Bird density underwent 

substantial seasonal change subject to food abundance, with an increase in insect 

abundance during the dry season possibly releasing niches to dry season visitors and 

explaining why some smaller mangrove birds show breeding peaks during the dry 

season (e.g. red-headed honeyeater,Myzomela erythrocephala; mangrove 

gerygone,Gerygone levigaster; large-billed gerygone,G. magnirostris; yellow-white 

eye, Zosterops luteus and lemon-bellied flycatcher, Microeca flavigaster;  Noske, 

1996). This further suggests that mangrove birds feed opportunistically on seasonally 

abundant arthropods, including transient bird species during their stay in the 

mangroves. This is consistent with the findings of Lefebvre et al. (1994) who 

investigated the temporal dynamics of a mangrove bird community in north-eastern 

Venezuela and found that migratory warblers in the mangroves take advantage of the 

seasonal abundance of food resources. 

The flowering phenology described in my study is consistent with that 

reported by Noske (1996). With the exception of Sonneratia alba and Bruguiera 

exaristata, peak flowering in mangroves occurred between the late dry and early wet 

season. These factors may have increased the insect abundance during these periods 

showing a similar trend in food resource availability for the birds. Some pollinator 

insects are known to visit mangroves seasonally, especially during the flowering 

season, (Hutchings and Saenger, 1987), while others use mangrove flowers as a food 

source (Clarke, 1992). Little friarbird and many other small honeyeaters visit 

Sonneratia when it flowers; and other species share adjacent habitats, e.g. white-

gaped honeyeater, varied triller and white-bellied cuckoo shrike, which exploit 

Sonneratia and Avicennia for insects and nest trees only.  

Guild members, by definition, exploit the same resources in a similar way 

(Root 1967; Simberloff and Dayan 1991), therefore competitive interactions, if they 

exist, should be most intense within guilds. Unlike insectivores, the honeyeaters, 

especially the red-headed honeyeater and brown honeyeater, Lichmera indistincta 

showed interspecific aggression at flowering trees. Aggression between honeyeaters 
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is common in Australia (Ford, 1989; Noske, 1996) and even if territory overlap may 

have occurred, this does not imply that competition has a negative effect and is a 

driving force in structuring the nectarivores in the mangroves, as these are the two 

most common species occurring in all the mangrove patches (Chapter 3). Mangrove-

dwelling honeyeaters play an essential role in the pollination of certain mangrove 

plants, and insectivorous species may play an important role in depressing 

populations of herbivorous insects (Franklin and Noske, 2003; Hutchings and 

Saenger, 1982; Noske, 2003). In addition, given the high frequency of fire in 

woodland habitats, mangroves may provide temporary refugium to and maintain 

avian biodiversity by providing reliable feeding sites for visiting terrestrial 

insectivores during critical periods (Metcalfe, 2007; Noske, 2003).  

The two contrasting approaches (multivariate and network analysis) offer a 

consistent general conclusion that resources are generally partitioned with low levels 

of specialization in resource use. In general, the findings from this study are 

consistent with several other studies which investigated the foraging ecology and 

guilds of mangrove birds in the tropics (Metcalfe, 2007; Mulyani, 2002; Noske, 

1996; Noske and Franklin, 1999). Most of the mangrove birds exhibited broad 

patterns of use of spatial resources (height, substrates, and zones), probably to cope 

with diurnal and seasonal fluctuations in food availability. The findings also suggest 

that food is not limiting the bird diversity in the mangroves and individuals are 

exploiting the food resources in an opportunistic fashion which possibly leads to 

considerable variation in food resource use and interspecific overlaps in other 

resource axes. 
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CHAPTER 7 
 

The Community Ecology of Mangrove Birds: A Synthesis 
 

Detecting patterns in community ecology is the first step towards understanding 

processes that give rise to community structure and composition. In this thesis I have 

examined species distributions and how species assemblages have evolved under the 

environmental constraints peculiar to mangrove systems. Several generalised patterns 

are observed that give insights to how species are assembled and which processes 

drive community structure in the mangroves. In this Chapter I summarise and 

synthesise the main findings of my research. I review the ecological processes that 

underpin community structure and composition and provide recommendations for the 

conservation and management of mangrove bird communities. 

Mangroves are a relatively stable environment year round with stable 

temperatures and reliable water. They possess characteristics that make them 

structurally and functionally unique (Luther and Greenberg, 2009). Mangroves 

generally form low diversity forest with simple food webs with few links, and 

ecosystem dynamics contain a mixture of marine and terrestrial species (Alongi, 

2002). They are architecturally simple compared to tropical rainforest, often lacking 

understory growth and are much less species rich than other tropical forests (Alongi, 

2002; Hutching and Saenger, 1987). However, they are one of the world’s most 

threatened tropical ecosystems with habitat loses that exceed those for tropical 

rainforest and coral reefs (Valiela et al., 2001). Even though Australian mangroves 

boast more mangrove-endemics than any other mangrove regions in the world 

(Noske, 1996), mangrove bird assemblages are less diverse compared to other bird 

communities in the tropics. The simple system and structure are likely responsible 

for depauperate bird community in mangroves. Nevertheless, the avifauna of north 

Australian mangroves is surprisingly rich given the low diversity of mangrove flora, 

and 70 bird species were recorded from mangroves in the Darwin region (excluding 

waders and aerial species). The floristically richer mangroves in northern Queensland 

have fewer mangrove bird species (Kutt, 2007), with few mangrove endemic species 

compared to north-western Australia (Ford, 1982), making Darwin’s mangroves 

unique and important to mangrove bird conservation.  
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The ecology of mangrove bird assemblages in this study did not support 

many of the fundamental hypotheses of community ecology. Contrary to expectation, 

the total bird species richness did not show a strong species-area relationship, density 

compensation, nestedness or competitive exclusion patterns. Several explanations for 

the lack of clear community structure are provided below and in the previous 

chapters. Patterns were often not observed at the overall assemblage level, largely 

because a transient element to the bird community, derived from the adjacent habitat 

matrices, maintains a loose spatial and temporal dynamic to the bird community. 

However, when bird assemblages were broken down to the mangrove-dependent or 

guild level, weak non-random pattern emerged. 

 

7.1 The influence of patch size on species richness  

 

The species-area relationship is the foundation of community ecology (Drinnan, 

2005; Major et al., 2001; Watson et al., 2004) and provides insights into how species 

are assembled, and what constrains community membership (broadly, immigration or 

isolation; extinction or area effects). Several mechanisms have been proposed as 

important in explaining the species-area relationship. The random placement 

hypothesis (Connor and McCoy, 1979; McGuinness, 1984) is often used as a null 

model. It assumes that individuals are distributed randomly and the chance of finding 

a species in a sample is simply a function of sample size. This is sometimes referred 

to as the passive sampling effect. The passive sampling effect did not explain 

species-area relationships for mangrove birds as species richness was largely 

independent of area and sample size.   

The general lack of fit of the species-area relationships in this study is 

inconsistent with most previous published studies. Total species richness was 

independent of mangrove area while the species richness of interior, insectivore and 

mangrove dependent species (MDS) was area-dependent. The species in these latter 

groups really define mangrove bird communities, and weak area-dependence 

suggests that these species are partially driven by area-dependent extirpation with 

some colonisation occurring to offset these losses. Mangrove bird species richness 

cannot be explained as an equilibrium between rates of colonisation and extirpation 

from any patch. More local extinction in smaller patches produced a steeper species-

area slope for the MDS.  Differences among species in their patch incidence 
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likelihoods could be related to specific habitat preferences as it is unlikely all species 

in an assemblage will respond in a similar way to patch heterogeneity (Block and 

Brennan, 1993). Setting management targets based on an assemblage-level response 

(such as species richness) may result in inadequate protection for the most sensitive 

species (Radford et al., 2005). However it is not possible to manage the mangroves 

for every species, but it is useful to understand the response of bird species known to 

be of conservation concern such as the white-breasted whistler. This stenotopic 

species is rare and uncommon and distributed in isolated populations within 

mangrove fragments in the top end. Johnstone (1990) recorded only four remote 

populations (290 – 450 km between populations) throughout the Western Australian 

coastline. Currently this species is listed as Least Concern according to IUCN criteria 

for endangered species; this may need revision. 

The mangrove bird community was highly resilient to disturbance (Metcalfe, 

2007) with several species in each functional guild meaning that ecosystem functions 

were well represented. Few guilds comprising many species results in redundant 

membership of an ecological function and confers community resilience to 

disturbance, at least for that function. However, many species were mangrove 

dependent, or species that lived at high densities in the mangroves, and thus 

predicting how many species are required to maintain a functional mangrove system, 

requires consideration of these particular species groups, in addition to the general 

function-area relationship (Cummings and Child, 2008).  

Species-area and species-function relationships can provide an estimate of the 

critical patch size at which multiple species are unable to co-exist. The patch area 

and number of bird species that can be lost from mangrove systems before a decline 

in ecological function were 267 ha and 7 species, respectively. This threshold area 

indicates the point of instability at which natural systems and bird community 

structure may collapse (Radford et al., 2005). Therefore, fragmentation must be 

avoided where possible and the recommended minimum patch size should not be 

used as a minimum goal or level for habitat protection.  

In the present study, a set of small mangrove patches contained more species 

than were found in a single large reserve (CDNP) (Figure 7.1). Isolated fragmented 

mangroves should not be regarded as of low conservation value. Various studies 

have shown that small habitat patches can play an important role in local 

conservation in urban and agricultural landscapes (Franklin, 1993; Fischer and 
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Lindenmayer, 2002a; 2002b; Walk et al., 2010). Clearly, patch size is not a good 

indicator of mangrove bird community richness or ecosystem integrity. Nevertheless, 

large patches should not be neglected. As will be demonstrated later, the 

conservation of mangrove birds requires the management of both large and small 

patches. 

 

 
Figure 7.1 Darwin region map showing the study site (highlighted) and the number 

of bird species recorded per patch illustrating smaller mangroves contained more 

species than were found in the single large reserve CDNP and EAT. Acronyms: BC, 

Buffalo creek; BV, Bay view; CCR, Casuarina Coastal Reserve: CDNP, Charles 

Darwin National Park; EAB, East Arm Barrage; EAH, East Arm Hamaura; EAT, 

East Arm Train; EP, East Point; LLA, Ludmilla; LNR, Leanyer; MDL, Mindil; 

NGLF, Nightcliff; RC, Rapid Creek. 
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7.2 The influence of habitat heterogeneity on mangrove birds 

 

Another explanation frequently offered for a strong species-area relationship is that 

larger areas are structurally and floristically more diverse, offering more habitat 

niches, and thus permit greater species diversity (Connor and McCoy, 1979). This 

explanation did not entirely apply to mangroves and their bird assemblages. Species 

richness increased with complexity or habitat diversity but not patch size. Clearly, in 

a simple system such as mangrove there is a limit to the extent of habitat 

heterogeneity it can support and this does not scale with patch size. Thus, the 

presence of rainforest increased the heterogeneity of a patch irrespective of its size. 

As a consequence, the general underlying positive association of area with 

heterogeneity did not apply to the mangrove forest complex. Even though the 

presence of rainforest increased the plant richness of a mangrove patch and more 

species from the matrix were found in the mangroves, without mangroves most 

mangrove bird species would not survive in rainforest alone (Johnstone, 1990).  

High species richness (overall and MDS) and density in the mangroves was 

due to plant species richness, the density of the understory and food resource 

distribution. The abundance of certain species also increased with habitat 

heterogeneity; for example, where saltpans were included among the habitats in a 

mangrove patch, the mangrove gerygone was highly likely to occur in that patch. 

These findings stress the importance of habitat diversity and quality to the diversity 

and density of birds in mangroves. Furthermore, habitat heterogeneity rather than 

area per se was a more important predictor of species richness in the mangroves. 

Vegetation structure limits and influences the variety of foraging sites 

supported by a habitat, and consequently the diversity of bird species which it can 

support (Ford, 1989). Differences in bird species richness in mangroves may arise 

from intrinsic differences among individual patches, such as resource abundance, as 

well as from the extrinsic effects of the surrounding matrix. In this study, some birds 

were attracted to patches with high nectar availability and particularly those patches 

with Bruguiera exaristata and Avicennia marina. The presence of A. marina is 

closely related to food resource abundance and a high abundance of stationary 

invertebrates has been reported from this plant species (Noske, 1996). Therefore, 

spatial heterogeneity of the mangrove complexes i.e., the mangroves and their 
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surrounding matrix habitats, is a crucial patch characteristic, independent of 

mangrove patch size, for maintaining diverse species assemblages. 

Indicator species analysis demonstrated that species occupied specific 

mangrove zones. These habitat preferences were mainly for one or more mangrove 

zones where each vegetation zone supported a distinctive and predictable bird 

species. Species with specialised habitat requirements and that were dependent on 

key vegetation types (e.g. red-headed honeyeater, which is dependent on B. 

exaristata) were especially vulnerable, so that even low levels of clearing of 

preferred habitat may have consequences for their survival. However, species 

composition within each vegetation zone showed no clear permanent meta-

community structure within the major mangrove zones. This suggests that many 

mangrove birds are resilient to changes in horizontal structure or zonation and thus 

adapt to the varying floristic composition between patches. Generalist species (e.g. 

brown honeyeater, lemon-bellied flycatcher) that had no zonal preference were 

habitat and prey generalists and did not show a threshold response to patch size or 

diversity of habitat in the surrounding matrices. 

 

7.3 Matrix effects and species composition in the mangroves 

 

Studies have shown that habitats embedded in structurally complex adjacent matrices 

support greater bird diversity (Raman, 2006; Wethered and Lawes, 2005). In my 

study I demonstrated that matrix effects can obscure spatial patterns that otherwise 

might have conformed to the general expectations of the dynamic equilibrium theory 

of island biogeography (MacArthur and Wilson, 1967). Irrespective of patch size, 

mangrove patches adjoining woodland savanna had lower species richness compared 

to other matrix types (Melaluca, woodlands, rainforest). Species composition and 

richness in the mangroves were also influenced by changes in seasons and by the 

extent of the surrounding matrix habitat. Species assemblages were most strongly 

nested (but even then weakly so) when mangroves were surrounded by a single 

matrix type. Non-nestedness suggests that species in smaller mangrove patches are 

loss in a random fashion, thus it is likely that the loss of the species remaining in 

these assemblages will also be random (Krebs, 2009). Rare species were no more 

likely to become extinct at the local scale than common species, and local diversity 

and patterns of colonisation and extinction were mostly influenced by matrix habitat 
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type. However, mangroves may be too hostile an environment for many matrix 

species, especially frugivores. Mangroves are sub-optimal habitat for some species as 

they either provide few if any resources for those species, or resource availability is 

too ephemeral. Woinarski and Tidemann, (1991) found that insect abundance peaked 

in woodlands in the wet season and declined 50-fold during the dry season, while 

flowers (nectar) were available throughout the year. This may explain increased 

insectivore richness in the mangroves during the dry season when insect abundance 

is lower in the woodland matrix.  

Species richness in the mangroves was strongly influenced by the number of 

matrices surrounding a mangrove patch (GLM: wi+ = 0.74), followed by plant 

richness (GLM: wi+ = 0.33). Small mangrove patches surrounded by many matrix 

habitat types accommodated more species than large ones, even if there was low 

habitat heterogeneity in the mangrove patches. Consequently, the resulting relatively 

high species richness in small patches tended to reduce the slope of the species-area 

relationship from that generally expected. Thus, as expected in a structurally simple 

system, the diversity of mangrove birds is only partly determined by the diversity 

and complexity of mangrove vegetation. 

 

7.4 Bird community dynamics in the mangroves 

 

Changes in food resource abundance affect the foraging dimensions of many bird 

species (Ford, 1989; Noske 1996; Timewell and Mac Nally, 2004; Wheeler and 

Calver, 1996). In general, mangrove bird species use resources in four important 

ways: 1) by partitioning food resources; 2) in the way they use space - in this case the 

different use of mangrove zones; 3) in their use of vertical habitat strata; and 4) in 

different degrees of specialisation in use of microhabitats or substrates.  Species 

differences in the use of each of these niche dimensions may facilitate co-existence 

of bird species, including those from the matrix, in the mangroves. Ecological 

divergence may have occurred as species evolved separately so that when they later 

come together, these species can coexist because they have already adapted to 

different resources or parts of the habitat (Connell, 1980). However, structurally 

simple mangrove habitat and the limited diversity in any niche dimension, reduces 

the potential for niche differentiation and resource partitioning in mangroves, and 
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explains why mangroves support fewer co-occurring bird species than other forest 

habitats or biomes.  

Non-equilibrium communities arise where disturbances at different spatial 

and temporal scales ensure that a dynamic equilibrium between colonisation of 

species and their extirpation from a site is not achieved (Pickett et al., 1992; Wiens, 

1984). Species-area slopes (z) in the range 0.20 – 0.35 are typical of patches whose 

species richness is at equilibrium (MacArthur and Wilson, 1963; 1967). In this study 

the species-area slope for the mangrove bird assemblage was 0.03 which suggest that 

mangrove bird assemblage is a non-equilibrium community. Mangroves experience 

daily, lunar-dependent and seasonal cycles of change to conditions in the habitat and 

are a relatively disturbed environments for most bird species. Non-equilibrium 

communities have a low level of stability where species operate individualistically 

and density-dependent population regulation is difficult to detect (Krebs, 2009). 

Evidence from this study suggests that the mangrove bird assemblage is not in 

equilibrium and that resources are variable over time and space, so that while 

competition may have structured mangrove bird communities in the past, in 

contemporary assemblages this competition does not result in competitive exclusion. 

Hutchinson (1961) suggested species could co-exist because of environmental 

instability, because before competitive displacement could take place, seasonal or 

other changes would occur. Similarly Cody (1974) suggested that random patterns 

emerge in a community due to short duration of food resources and temporary 

abundance (e.g. seasonal fluctuation of resources). While Wiens (1977) has argued 

that competition may be rare in some populations because of high environmental 

fluctuation, populations are typically below the carrying capacity of their 

environment and thus resources are plentiful. In support of the latter propositions, 

bird species come and go in mangrove systems in response to resource supply and 

competition is limited, and even then occurs only for certain resources (nectar, 

insects) and substrates (tree strata). 

Limited food resources force individuals to compete (Krebs, 2009). However, 

no competition is likely when resources are abundant and can be simultaneously and 

similarly used by several species. This could be the case for mangrove birds, which 

further implies that food is not the most important limiting factor in the mangroves. 

This suggests that mangroves are not closed systems and abundant resources are 

exploited by immigrants and transients. When food resources are abundant or the 
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production of food exceeds the rate at which it is consumed, a strong species 

assemblage structure may fail to emerge (Cody, 1974; Sale, 1974). Certain foods are 

abundant at times and this supports smaller suites of species so that there is relatively 

little competition for these resources. In mangroves, none of the species groups (e.g. 

honeyeaters, insectivores, and foliage gleaners) co-occurred in a detectable pattern 

and neither did they display a checkerboard pattern (competitive exclusion), which 

suggests that the mangrove bird assemblages are largely random assemblages of 

species present in mangroves at a particular time. Thus competition is not a strong 

driver of the structure of contemporary bird species assemblages in the mangroves, 

although it may have been during the evolutionary history of mangroves. 

If exploitation competition is important, the realized niche of each species 

will be restricted to that portion of the resource spectrum where that species is the 

most efficient consumer (Wright, 1980). In mangrove bird assemblages there were 

few resource specialists, supporting the notion that competition for resources does 

not structure assemblages. Species with broad niche requirements are likely to be less 

efficient consumers of any one resource and this is assumed to translate into lower 

consumer population density and higher resource densities (Wright, 1980). The 

plasticity and generalist nature of mangrove birds demonstrates the ability of 

mangrove birds to survive in a hostile environment that is influenced by daily tidal 

inundation and seasonality and results in resilient communities. The latter may 

explain why Metcalfe (2007) did not find significant differences in bird species 

richness and abundance between disturbed and undisturbed mangrove patches.  

 

7.5 Further research 

 

Species specific research (autecology) is generally lacking in the monsoon tropics, 

especially for mangrove dependent species. To completely understand the 

importance of mangroves to bird diversity requires further study of the home range 

and seasonal distributional patterns of transient species; species that use mangroves, 

but only at certain times of the year or during certain stages of their life-cycle. 

 

• More research is urgently needed to investigate the relationship between 

patch size and reproductive success to understand the importance of both 

spatial and temporal resource dynamics, as well as  the role that small 
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mangrove patches can play in urban areas, in maintaining ecosystem 

functions and meta-populations of both transient and mangrove dependent 

species.  

• The dynamics of the interactions among bird species that move between 

mangroves and the surrounding habitats requires attention. An understanding 

of how species are assembled and which processes drive community structure 

in the adjoining matrices is necessary to fully understand mangrove bird 

assemblage structure. 

• The relationship between patch quality and diet preference for both mangrove 

dependent species and transient species would provide insights to the 

resource requirements for species of conservation concern. 

• Sea level rise will alter the zonation of mangroves, which in turn may change 

the bird assemblage. Thus modelling and monitoring is required to determine 

how the distribution of different species will respond to changes in sea level 

and modification of surrounding matrices under climate change. 

• Long term monitoring of area-sensitive and mangrove dependent species in 

fragmented mangrove patches is required (e.g. chestnut rail, mangrove 

gerygone). 

• Whether bird communities in small mangrove patches can persist on their 

own or only as metapopulations needs to be determined given the increasing 

rate of fragmentation of mangroves by development. 

 

7.6 Conservation and management recommendations 

 

In general conservation plans are implemented through a socio-economic rather than 

an ecological process (Luz, 2000). Mangroves comprise only 1% of the natural 

habitat within the Territory. Most of the mangrove areas in the Darwin region are 

gazetted as Crown Land. Merely 8% of the extent of Northern Territory mangroves 

is included within the conservation reserve system, which includes both coastal and 

inland mangroves (DIPE, 2002). Only 23% (n = 3) of the study sites were protected, 

with the richest site at Buffalo Creek being managed by the military and relatively 

unprotected. In contrast, the relatively species poor Charles Darwin National Park, a 

large pristine patch surrounded by woodland, is a protected area. Most of the 
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mangroves in the Darwin region are under threat of development by industry or 

expanding suburban development. The proposed new marina and township 

(Weddell) along coastal areas will destroy most of the mangrove patches outside 

Darwin Harbour. Ongoing development will fragment the reasonably continuous 

mangrove fringe and will remove the natural matrix habitats upon which mangrove 

bird diversity and community structure is so dependent. Planning development, while 

being sensitive to the maintenance of diversity, requires that the expansion of Darwin 

city will have to consider the impacts on mangroves.  

In addition to ecological processes and functions, information on the social, 

economic and legislative factors affecting mangrove reserves in the Northern 

Territory, need to be assessed to establish the need for additional conservation areas.  

There is no one policy that applies to the conservation and management of 

mangroves throughout the Northern Territory.  Mangrove conservation is regulated 

by a number of statutes and regulations, the application of which depends on where 

mangroves are located.  As a general rule, mangrove conservation is provided for by 

the prohibition of actions such as clearing, rather than by prescribing management 

actions that must be carried out.  

The principal regulatory tool is the Planning Act and Northern Territory 

Planning Scheme. The Act does not prescribe management practices but instead 

provides for mangrove conservation by regulating the clearing of native vegetation. 

The clearing of more than one hectare of native vegetation requires approval under 

the Planning Scheme. All clearing of native vegetation in an area which is zoned for 

Conservation (CN) requires the consent of the relevant authority or the Minister for 

Planning. Current Northern Territory Government policy has placed most of the 

mangrove in Darwin Harbour within conservation zones under the Planning Scheme. 

This zoning limits the kinds of development that can take place in mangrove areas. 

The controls under the Planning Act apply to a variety of tenures, but do not apply 

where another Act regulates clearing, such as the Pastoral Land Act, Territory Parks 

and Wildlife Act or the Commonwealth Environmental Protection and Biodiversity 

Act 1999. In addition, the Planning Act does not apply to Commonwealth land, for 

example, defence land, which is regulated by federal legislation. In light of this, a 

council (e.g. Mangrove Management Council, MMC) should be established to link 

agencies and related stakeholders and oversee the management and restoration of 

mangrove areas where needed in the Territory. Ideally established at a national level, 
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this council would provide national management strategies and offer a higher support 

for conservation priorities and implementation. There is a need to establish policy on 

mangrove reserve design and set up new criteria for mangrove reserve selection to 

maximize conservation gains and priorities based on these recommendations:  

 

7.6.1 Recommendations 

• Small mangrove fragments should be preserved wherever possible, 

particularly if surrounded by natural vegetation. However the viability of 

small remnants will be dependent on local productivity and connectivity to 

neighbouring matrices. Matrix habitat surrounding mangrove areas should be 

preserved as a buffer and urban spread up to the mangrove edge should be 

avoided. These small fragments can act as stepping stones for mangrove 

species and can be valuable sources of colonising species in an otherwise 

species poor landscape.  

• Isolated small mangrove patches near urban areas should also be preserved. 

Urban mangroves must be protected from rezoning, damage or destruction by 

private development.  

• Mangroves areas should be protected as extensively as possible, with 

minimum disruptions to the mangrove fringe along the coast in the Darwin 

region. Combining estimates from function-area analysis with the estimate of 

minimum critical patch size, to maintain high functional guild diversity and 

to reduce the area effect, patch size should be at least 595 ha or as large as 

possible. In addition, maintaining large mangrove patches and the most 

structural complexity by doing so, is vital for species that are area-sensitive 

and the eleven mangrove dependent species.  

• Large mangrove areas with rainforest embedded in them, or mangroves 

adjoining rainforest, should be prioritized as reserves. When partial clearing 

is proposed, destruction of key plant resources (e.g. B. exaristata and A. 

marina), tidal creeks and saltpans should be avoided where possible. These 

habitats are critical to the maintenance of mangrove ecosystems and must be 

considered in planning processes, especially for mangroves outside of Darwin 

Harbor.  
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• Construction of harbours, boat ramps and future coastal development should 

be concentrated in designated areas where mangroves are already disturbed 

and beyond restoration.  

 

In summary, the low diversity of birds in the mangroves can be best explained by 

the low diversity of foraging substrates, which in turn arises from the uniformity of 

physiognomic structure within mangroves and the uniformity of the matrix habitat 

surrounding many mangrove patches. Additionally, the unusual food webs and 

energy flows caused by diurnal tidal influx of resources offer sub-optimal habitat for 

transient species to permanently colonize in the mangroves. Because resources are 

temporally available on a daily and season time scale they are more ephemeral than 

in many other communities. This likely leads to few mangrove dependent species 

and the community largely comprises species from the surrounding matrix that can 

use mangrove resources opportunistically and species packing is likely to be 

unsaturated. These transient species contribute little to the stability of the structure 

and dynamics of the bird assemblage. Competition for resources is unlikely to be a 

major driver of the structure or assembly of mangrove bird communities. 

Mangroves provide critical resources and a refugium to many animal species, 

including birds, from the surrounding matrix habitats. They also offer additional 

habitat for transient species for different stage of activities during their life cycle (e.g. 

nesting). In addition, mangroves also provide protection from large scale 

disturbances, especially from the annual fire cycle in woodlands, but also are less 

affected by wind events. The mangroves in the Darwin urban area act as a green belt 

and may provide access and protection to wildlife that would otherwise be excluded 

from the city. Apart from the aesthetic value of having wildlife in urban areas, this 

may indirectly increase population sizes of certain species of ecological importance 

(e.g. pollinators: white-gaped honeyeater, rufous-banded honeyeater) and decrease 

the probability of their localised extinction. 
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Table A-1. Mean density of birds species (per hectare) based on only occupied sites in Darwin mangroves during 2008‐2009 excluding 

incidental records **, interior species; *~**, mangrove dependent species and ^ woodland/matrix species. Density estimates was calculated using 

the program DISTANCE 5.2.  

 
 Mean BC LNR BV CCR CDNP EAB EAH RC NGLF MDL LLA EAT EP 
Arafura Fantail ** 0.35 0.00 0.00 0.27 0.00 0.60 0.00 0.00 0.00 0.16 0.00 0.00 0.37 0.00 
Australian Pipit^ 0.37 0.00 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Azure Kingfisher**                                   0.40 0.13 0.85 0.00 0.94 0.00 0.46 0.16 0.22 0.01 0.00 0.38 0.34 0.52 
Banded Honeyeater** 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
Bar-breasted Honeyeater** 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 
Bar-shouldered Dove**^                                0.88 0.35 0.93 0.70 1.22 0.58 0.49 0.18 1.78 0.65 2.43 1.42 0.22 0.55 
Black Butcherbird* ~**                                 0.60 0.73 0.37 0.12 0.30 0.57 0.18 0.29 0.15 0.07 3.72 0.21 0.77 0.35 
Black-faced Cuckoo-shrike**^                          0.30 0.31 0.75 0.00 0.00 0.16 0.00 0.00 0.29 0.00 0.00 0.13 0.27 0.16 
Broad-billed Flycatcher*~**                            0.48 0.27 0.17 0.59 0.16 0.74 0.34 0.53 0.28 1.27 0.00 0.50 0.13 0.82 
Brown Honeyeater**                                   2.36 2.59 2.12 1.85 1.55 2.12 2.80 1.57 4.33 3.31 2.77 1.19 1.21 3.28 
Brush Cuckoo**^                                       0.40 0.37 0.00 0.72 0.59 0.00 0.56 0.16 0.22 0.01 0.61 0.00 0.00 0.40 
Chestnut Rail*~**                                      0.41 0.18 0.00 0.15 0.62 0.79 0.83 0.22 0.32 0.00 0.00 0.00 0.12 0.00 
Chestnut-breasted Mannikin^ 0.56 0.00 0.00 0.00 0.00 0.00 0.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cicadabird^                                         0.22 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Collared Kingfisher*~**                                0.51 0.89 0.00 0.45 0.62 0.22 0.26 0.24 0.22 0.55 0.00 0.89 0.79 0.46 
Crimson Finch**^ 0.40 0.00 0.37 0.00 0.38 0.00 0.75 0.16 0.13 0.00 0.61 0.00 0.00 0.00 
Dollarbird** 0.30 0.00 0.00 0.00 0.19 0.16 0.79 0.16 0.22 0.00 0.00 0.00 0.00 0.00 
Double-barred Finch**^                                0.78 0.32 0.49 0.24 0.49 0.36 1.57 0.18 0.98 0.47 2.47 0.38 0.63 1.61 
Dusky Honeyeater**^                                   0.33 0.13 0.00 0.00 0.77 0.00 0.00 0.00 0.00 0.01 0.00 0.38 0.00 0.00 
Emerlald Dove 0.67 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Figbird**                                            0.45 0.18 0.33 0.00 0.24 0.00 0.56 0.95 0.93 0.05 0.61 0.55 0.00 0.13 
Forest Kingfisher**                                  0.37 0.31 0.00 0.00 0.68 0.00 0.00 0.00 0.71 0.01 0.00 0.00 0.00 0.16 
Golden-headed Cisticola**^                            0.35 0.31 0.18 0.72 0.00 0.00 0.56 0.16 0.00 0.00 0.00 0.00 0.00 0.16 
Great Bowerbird^                                    0.31 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Green-backed Gerygone**                              0.54 0.14 0.00 0.20 0.31 0.82 0.25 0.96 0.75 0.01 1.68 0.35 0.49 0.56 
Grey Whistler**                                      0.62 0.56 0.18 0.00 0.85 0.77 0.43 0.00 0.13 0.00 1.55 0.67 0.17 0.90 
Helmeted Friarbird**                                 0.49 0.12 0.84 0.14 0.38 0.13 0.24 0.20 0.34 0.65 1.68 0.39 0.58 0.62 
Large-billed Gerygone**                              0.85 0.73 0.19 0.56 1.75 0.16 0.83 0.79 0.90 0.30 2.25 1.67 0.34 0.58 
Large-tailed Nightjar**^                              0.31 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Leaden Flycatcher**^                                  0.45 0.42 0.76 0.00 0.97 0.14 0.56 0.48 0.00 0.01 0.00 0.00 0.54 0.16 
Lemon-bellied Flycatcher**^                           0.74 0.54 1.17 0.22 0.38 0.42 0.43 0.55 0.68 1.47 1.62 0.58 0.12 1.45 
Little Bronze-Cuckoo**                               0.34 0.18 0.19 0.76 0.19 0.73 0.17 0.43 0.16 0.12 0.61 0.13 0.55 0.13 
Little Friarbird**^                                   0.36 0.45 0.00 0.00 0.62 0.00 0.00 0.32 0.26 0.22 0.00 0.00 0.00 0.26 
Little Kingfisher**                                  0.39 0.18 0.37 0.00 0.56 0.00 0.60 0.00 0.22 0.00 0.00 0.23 0.24 0.72 
Little Shrike-thrush**                               0.23 0.46 0.00 0.17 0.00 0.15 0.22 0.00 0.00 0.00 0.00 0.00 0.18 0.00 
Long-tailed Finch**^ 0.42 0.00 0.00 0.00 0.92 0.00 0.11 0.00 0.22 0.00 0.00 0.00 0.00 0.00 
Magpie-lark**^  0.31 0.00 0.25 0.42 0.74 0.00 0.13 0.56 0.22 0.03 0.15 0.41 0.16 0.00 
Mangrove Fantail*~**                                   0.26 0.15 0.00 0.00 0.00 0.20 0.00 0.16 0.00 0.00 0.00 0.52 0.00 0.27 
Mangrove gerygone*~**                                  0.68 0.75 1.52 0.44 0.49 0.29 0.28 0.54 0.97 0.08 0.00 1.15 0.49 1.18 
Mangrove golden whistler*~**                           0.30 0.21 0.63 0.12 0.00 0.14 0.56 0.00 0.00 0.31 0.00 0.00 0.00 0.16 
Mangrove Robin*~**  0.71 0.00 0.94 1.55 0.00 0.39 0.27 0.00 0.14 0.00 0.00 0.00 0.98 0.00 
Mistletoebird**^                                      0.62 0.62 0.13 0.45 0.62 0.00 0.56 0.00 0.32 0.31 2.37 0.20 0.00 0.63 
Northern Fantail**^                                   0.49 0.16 0.16 0.35 0.20 0.32 0.16 0.58 0.20 0.64 1.93 0.28 0.86 0.52 
Olive-backed Oriole**                                0.40 0.31 0.37 0.00 0.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 
Orange-footed Scrubfowl^                            0.53 0.29 0.00 0.16 0.20 0.00 0.00 0.00 0.69 0.00 1.22 0.18 0.00 1.00 
Peaceful Dove**^                                      0.43 0.16 0.74 0.72 0.37 0.35 0.12 0.79 0.17 0.64 0.00 0.14 0.78 0.14 
Rainbow Bee-eater**                                  0.37 0.45 0.18 0.14 0.51 0.11 0.61 0.17 0.33 0.31 0.82 0.37 0.18 0.59 
Red-backed Wren^                                    0.53 0.31 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Red-headed Honeyeater*~**                             3.07 3.13 0.13 2.66 2.48 1.73 2.89 1.37 4.71 1.31 12.89 2.94 1.96 1.78 
Restless Flycatcher**^ 0.34 0.00 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rose-crowned Fruit-Dove^                            0.32 0.31 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rufous-banded Honeyeater**^                           1.09 0.25 5.33 0.31 0.32 0.37 0.11 0.59 0.34 1.83 1.80 1.34 0.96 0.57 
Sacred Kingfisher**                                  0.44 0.17 0.18 0.13 0.26 0.18 0.82 0.19 0.20 0.04 1.64 0.99 0.65 0.22 
Shining Flycatcher**                                 0.45 0.63 0.45 0.23 0.29 0.34 0.48 0.58 0.46 0.20 0.29 0.84 0.34 0.76 
Silver-crowned Friarbird**^ 0.25 0.00 0.00 0.00 0.25 0.15 0.28 0.00 0.00 0.00 0.00 0.33 0.00 0.00 
Spangled Drongo**^                                    0.51 0.98 0.75 0.72 0.14 0.00 0.43 0.00 0.89 0.19 0.61 0.21 0.54 0.18 
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Striated Heron*~**                                     0.54 0.77 0.00 0.72 0.92 0.00 0.56 0.54 0.48 0.36 0.61 0.38 0.32 0.28 
Striated Pardalote^ 0.37 0.00 0.00 0.00 0.00 0.00 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tawny Frogmouth**^                                    0.31 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tawny Grassbird^ 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 
Torresian Crow**^                                     0.41 0.36 0.94 0.00 0.00 0.00 0.33 0.00 0.22 0.00 0.30 0.00 0.27 0.49 
Torresian Imperial-Piegon**^ 0.34 0.00 0.00 0.00 0.62 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
Varied Triller**^                                     0.42 0.30 0.37 0.35 0.48 0.43 0.33 0.67 0.87 0.01 0.74 0.15 0.62 0.14 
White-bellied Cuckoo-shrike**                        0.44 0.83 0.13 0.22 0.16 0.47 0.68 0.23 0.13 0.23 1.86 0.19 0.16 0.41 
White-gaped Honeyeater**^                             0.81 0.96 0.14 0.21 0.63 0.00 0.18 0.13 0.26 1.32 4.44 0.59 0.26 0.64 
White-throated Honeyeater**^                          0.27 0.29 0.00 0.00 0.00 0.00 0.34 0.16 0.00 0.00 0.00 0.00 0.00 0.00 
White-winged Triller**^                               0.32 0.31 0.56 0.20 0.14 0.00 0.00 0.00 0.45 0.00 0.00 0.00 0.27 0.00 
Willy Wagtail**^ 0.37 0.00 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Yellow Oriole**^                                      0.39 0.16 0.75 0.00 0.22 0.31 0.16 0.14 0.77 0.04 0.55 0.48 0.87 0.22 
Yellow White-eye*~**                                   0.87 0.95 0.43 1.55 0.82 0.65 0.95 0.65 1.38 0.80 0.93 0.72 0.44 0.97 
*BC, Buffalo creek; BV, Bay view; CCR, Casuarina Coastal Reserve: CDNP, Charles Darwin National Park; EAB, East Arm Barrage; EAH, 
East Arm Hamaura; EAT, East Arm Train; EP, East Point; LLA, Ludmilla; LNR, Leanyer; MDL, Mindil; NGLF, Nightcliff; RC, Rapid Creek. 
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Table A-2. Relative abundance of birds (observations) recorded during 14 months, February 2008 – April 2009 from 433.5 hours of observations 

along 249 km of transect lines including incidental observations. 

 
FAMILY Scientific name Common 

name 
RC ML NF BV ET EB EP LR LA CP CR EH BC SUM 

ACCIPITRIDAE Milvus migrans Black Kite 4 0 0 0 3 0 5 6 1 5 0 3 24 51 
ACCIPITRIDAE Haliastur indus Brahminy 

Kite 
2 0 0 2 0 0 1 1 2 2 0 3 0 13 

ACCIPITRIDAE Accipiter 
fasciatus 

Brown 
Goshawk 

1 0 0 0 0 1 0 1 0 1 0 0 0 4 

ACCIPITRIDAE Accipiter 
novaehollandiae 

Grey 
Goshawk 

0 0 0 0 0 0 0 0 0 1 0 0 0 1 

ACCIPITRIDAE Pandion haliaetus Osprey 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
ACCIPITRIDAE Aquila audax Wedge-tailed 

Eagle 
0 0 0 0 0 0 0 1 0 0 0 0 0 1 

ACCIPITRIDAE Haliastur 
sphenurus 

Whistling 
Kite 

3 0 1 0 0 0 1 2 1 1 0 5 13 27 

ACCIPITRIDAE Haliaeetus 
leucogaster 

White-bellied 
Sea-Eagle 

0 0 0 0 0 0 0 0 0 2 0 1 4 7 

ALCEDINIDAE Alcedo azurea Azure 
Kingfisher 

1 0 1 0 2 2 4 9 1 0 5 1 10 36 

ALCEDINIDAE Alcedo pusilla Little 
Kingfisher 

1 0 0 0 2 4 5 1 2 0 4 0 11 30 

ANATIDAE Anas superciliosa Pacific Black 
Duck 

0 0 0 0 0 3 0 7 1 0 0 0 0 11 

ANATIDAE Tadorna radjah Radjah 
Shelduck 

16 0 0 0 4 2 0 85 49 0 4 0 1 161 

ANHINGIDAE Anhinga 
melanogaster 

Australian 
Darter 

2 0 0 3 0 0 0 0 0 0 0 0 4 9 

APODIDAE Apus affinis House Swift 0 0 0 0 0 0 7 0 0 0 0 0 0 7 
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ARDEIDAE Ardea alba Great Egret 0 0 0 0 0 1 0 3 1 0 0 0 0 5 
ARDEIDAE Ardea sumatrana Great-billed 

Heron 
0 0 0 0 0 0 0 0 0 0 0 0 4 4 

ARDEIDAE Ardea intermedia Intermediate 
Egret 

0 0 2 0 0 1 0 3 5 0 0 1 1 13 

ARDEIDAE Egretta garzetta Little Egret 2 0 2 0 3 1 0 14 19 0 0 13 13 67 
ARDEIDAE Nycticorax 

caledonicus 
Nankeen 
Night Heron 

0 0 0 0 0 0 2 0 0 0 0 0 0 2 

ARDEIDAE Ardea picata Pied Heron 0 0 0 0 1 0 0 36 2 0 0 0 0 39 
ARDEIDAE Egretta sacra Reef Egret 0 0 4 0 0 0 5 0 0 0 1 1 0 11 
ARDEIDAE Butorides striatus Striated 

Heron 
7 1 13 1 4 1 22 0 1 0 5 10 10 75 

ARDEIDAE Egretta 
novaehollandiae 

White-faced 
Heron 

0 0 0 0 0 0 1 0 5 0 0 1 0 7 

ARTAMIDAE  Artamus 
leucorhynchus 

White-
breasted 
Woodswallow 

0 0 6 0 0 0 3 0 0 0 0 0 0 9 

ARTAMIDAE Cracticus quoyi Black 
Butcherbird 

16 22 3 6 7 11 31 1 16 37 21 9 18 198 

BURHINIDAE Esacus neglectus Beach Stone-
curlew 

0 0 0 0 0 2 4 0 0 0 0 10 4 20 

BURHINIDAE Burhinus 
grallarius 

Bush Stone-
curlew 

0 0 0 2 8 2 0 23 0 0 0 0 1 36 

CACATUIDAE Calyptorhynchus 
banksii 

Red-tailed 
Black-
Cockatoo 

2 15 0 0 0 0 0 0 0 0 0 0 0 17 

CACATUIDAE Cacatua galerita Sulphur-
crested Galah 

1 0 0 0 0 0 0 0 0 0 0 0 0 1 

CAMPEPHAGIDAE Coracina 
novaehollandiae 

Black-faced 
Cuckoo-
shrike 

3 0 0 0 1 0 1 2 3 1 0 0 1 12 
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CAMPEPHAGIDAE Coracina 
tenuirostris 

Cicadabird 0 0 0 0 0 0 0 0 0 0 0 0 13 13 

CAMPEPHAGIDAE Lalage leucomela Varied Triller 11 9 1 22 12 21 12 1 10 24 33 10 35 201 
CAMPEPHAGIDAE Coracina 

papuensis 
White-bellied 
Cuckoo-
shrike 

9 7 8 9 2 6 24 19 9 9 14 26 9 151 

CAMPEPHAGIDAE Lalage sueurii White-winged 
Triller 

2 0 0 5 1 0 0 5 0 0 2 0 1 16 

CAPRIMULGIDAE Caprimulgus 
macrurus 

Large-tailed 
Nightjar 

0 0 0 0 0 0 0 0 0 0 0 0 1 1 

CENTROPODIDAE Centropus 
phasianinus 

Pheasant 
Coucal 

0 0 0 0 0 2 1 1 0 0 0 0 0 4 

CICONIIDAE Ephippiorhynchus 
asiaticus 

Jabiru 0 0 0 0 0 0 1 4 0 0 0 0 0 5 

COLUMBIDAE Geopelia 
humeralis 

Bar-
shouldered 
Dove 

182 19 29 34 38 35 56 115 112 38 76 28 63 825 

COLUMBIDAE Chalcophaps 
indica 

Emerald 
Dove 

0 0 0 0 0 0 0 0 0 0 2 0 0 2 

COLUMBIDAE Geopelia striata Peaceful 
Dove 

17 0 14 1 10 5 7 61 5 2 19 8 12 161 

COLUMBIDAE Ptilinopus regina Rose-crowned 
Fruit-Dove 

0 0 0 0 0 0 0 0 0 0 22 0 1 23 

COLUMBIDAE Ducula 
spilorrhoa 

Torresian 
Imperial-
Pigeon 

0 0 3 0 0 0 0 0 0 0 1 0 0 4 

CORACIIDAE Eurystomus 
orientalis 

Dollarbird 1 0 0 0 0 4 0 0 0 1 4 1 0 11 

CORVIDAE Corvus orru Torresian 
Crow 

1 2 0 0 1 2 3 23 0 0 0 0 6 38 

CUCULIDAE Cacomantis Brush Cuckoo 4 1 1 1 0 1 5 0 0 0 9 1 8 31 
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variolosus 
CUCULIDAE Chrysococcyx 

minutillus 
Little Bronze-
Cuckoo 

18 1 6 10 9 14 16 12 12 44 23 8 37 210 

DICAEIDAE Dicaeum 
hirundinaceum 

Mistletoebird 15 8 8 6 0 1 5 4 13 0 1 0 5 66 

DICRURIDAE Rhipidura dryas Arafura 
Fantail 

0 0 2 2 2 0 0 0 0 10 0 0 0 16 

DICRURIDAE Myiagra ruficollis Broad-billed 
Flycatcher 

28 0 36 3 12 18 51 11 39 30 8 6 35 277 

DICRURIDAE Myiagra rubecula Leaden 
Flycatcher 

0 0 1 0 2 1 1 8 0 4 4 4 6 31 

DICRURIDAE Grallina 
cyanoleuca 

Magpie-lark 1 2 2 5 6 5 0 23 2 0 4 6 0 56 

DICRURIDAE Rhipidura 
phasiana 

Mangrove 
Fantail 

0 0 0 0 0 0 19 0 6 7 0 1 2 35 

DICRURIDAE Rhipidura 
rufiventris 

Northern 
Fantail 

3 5 4 2 2 9 31 11 20 15 15 5 20 142 

DICRURIDAE Myiagra inquieta Restless 
Flycatcher 

0 0 0 0 0 0 0 8 0 0 0 0 0 8 

DICRURIDAE Myiagra alecto Shining 
Flycatcher 

47 2 9 10 27 30 63 41 64 118 16 7 73 507 

DICRURIDAE Dicrurus 
bracteatus 

Spangled 
Drongo 

6 1 3 1 2 2 2 2 3 0 12 0 7 41 

DICRURIDAE Rhipidura 
leucophrys 

Willie 
Wagtail 

0 0 0 0 0 0 0 1 0 0 0 0 0 1 

ESTRILDIDAE Lonchura 
castaneothorax 

Chestnut-
breasted 
Mannikin 

0 0 0 0 0 1 0 0 0 0 0 0 0 1 

ESTRILDIDAE Neochmia 
phaeton 

Crimson 
Finch 

7 1 0 0 0 13 0 1 0 0 3 0 0 25 

ESTRILDIDAE Taeniopygia Double- 74 9 13 12 41 57 87 5 22 3 25 11 28 387 
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bichenovii barred Finch 
ESTRILDIDAE Poephila 

acuticauda 
Long-tailed 
Finch 

1 0 0 0 0 2 0 0 0 0 6 0 0 9 

HAEMATOPODIDAE Vanellus miles Masked 
Lapwing 

23 0 0 0 0 4 0 89 196 0 2 3 5 322 

HAEMATOPODIDAE Haematopus 
longirostris 

Pied 
Oystercatcher 

0 0 0 0 0 0 1 0 0 0 0 0 0 1 

HALCYONIDAE Dacelo leachii Blue-winged 
Kookaburra 

1 0 0 0 0 0 0 0 0 0 0 0 0 1 

HALCYONIDAE Todirhamphus 
chloris 

Collared 
Kingfisher 

1 0 26 39 17 0 50 0 88 18 1 41 7 288 

HALCYONIDAE Todirhamphus 
macleayii 

Forest 
Kingfisher 

4 0 1 0 0 0 1 0 0 0 2 0 1 9 

HALCYONIDAE Todirhamphus 
sanctus 

Sacred 
Kingfisher 

18 5 3 5 3 7 10 7 7 6 14 11 19 115 

HIRUNDINIDAE Petrochelidon 
nigricans 

Tree Martin 0 0 4 0 0 0 0 5 0 0 0 3 0 12 

LARIDAE Anous stolidus Common 
Noddy 

0 0 0 0 0 0 0 1 0 0 0 0 0 1 

LARIDAE Larus pacificus Pacific Gull 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

MALURIDAE Malurus 
melanocephalus 

Red-backed 
Fairy-wren 

0 0 0 0 0 0 0 2 0 0 0 0 1 3 

MEGAPODIIDAE Megapodius 
reinwardt 

Orange-
footed 
Scrubfowl 

8 7 0 7 0 0 6 0 8 0 12 0 3 51 

MELIPHAGIDAE Certhionyx 
pectoralis 

Banded 
Honeyeater 

0 0 1 0 0 0 0 0 0 0 0 0 0 1 

MELIPHAGIDAE Ramsayornis 
fasciatus 

Bar-breasted 
Honeyeater 

11 0 0 0 0 0 0 0 0 0 0 0 0 11 

MELIPHAGIDAE Lichmera Brown 354 17 100 72 191 166 254 188 70 678 122 193 314 2719 
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indistincta Honeyeater 
MELIPHAGIDAE Myzomela 

obscura 
Dusky 
Honeyeater 

0 0 1 0 0 0 0 0 1 0 3 0 6 11 

MELIPHAGIDAE Philemon 
buceroides 

Helmeted 
Friarbird 

60 10 32 8 11 14 56 13 34 32 30 34 22 356 

MELIPHAGIDAE Philemon 
citreogularis 

Little 
Friarbird 

4 0 6 0 0 0 2 0 0 0 1 2 3 18 

MELIPHAGIDAE Myzomela 
erythrocephala 

Red-headed 
Honeyeater 

399 52 42 137 175 142 136 0 197 432 172 140 271 2295 

MELIPHAGIDAE Conopophila 
albogularis 

Rufous-
banded 
Honeyeater 

34 6 56 13 9 5 31 578 57 8 17 65 26 905 

MELIPHAGIDAE Philemon 
argenticeps 

Silver-
crowned 
Friarbird 

0 0 0 0 0 3 0 0 2 5 4 0 0 14 

MELIPHAGIDAE Lichenostomus 
unicolor 

White-gaped 
Honeyeater 

35 25 39 13 2 12 49 6 26 0 47 2 14 270 

MELIPHAGIDAE Melithreptus 
albogularis 

White-
throated 
Honeyeater 

0 0 0 0 0 5 0 0 0 0 0 1 2 8 

MEROPIDAE Merops ornatus Rainbow Bee-
eater 

53 5 18 9 17 27 46 30 21 35 37 19 65 382 

MOTACILLIDAE Anthus australis Australian 
Pipit 

0 0 0 0 0 0 0 1 0 0 0 0 0 1 

ORIOLIDAE Sphecotheres 
viridis 

Figbird 66 1 2 0 0 1 10 23 6 0 10 7 15 141 

ORIOLIDAE Oriolus sagittatus Olive-backed 
Oriole 

0 0 0 0 0 0 1 1 0 0 5 0 1 8 

ORIOLIDAE Oriolus 
flavocinctus 

Yellow Oriole 13 9 3 0 3 20 20 2 7 2 35 3 40 157 

PACHYCEPHALIDAE Pachycephala Grey Whistler 14 9 0 0 12 16 6 9 44 28 51 0 61 250 
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simplex 
PACHYCEPHALIDAE Colluricincla 

megarhyncha 
Little Shrike-
thrush 

0 0 0 8 23 12 0 0 0 45 0 0 8 96 

PACHYCEPHALIDAE Pachycephala 
melanura 

Mangrove 
Golden 
Whistler 

0 0 10 2 0 1 13 41 0 55 0 0 3 125 

PARDALOTIDAE Gerygone 
chloronotus 

Green-backed 
Gerygone 

9 11 1 2 6 15 5 0 4 5 28 14 18 118 

PARDALOTIDAE Gerygone 
magnirostris 

Large-billed 
Gerygone 

75 11 7 30 35 43 46 17 109 47 57 12 72 561 

PARDALOTIDAE Gerygone 
levigaster 

Mangrove 
Gerygone 

157 0 2 40 106 26 127 188 160 166 46 88 150 1256 

PARDALOTIDAE Pardalotus 
striatus 

Striated 
Pardalote 

0 0 0 0 0 4 0 0 0 0 0 0 0 4 

PELECANIDAE Pelecanus 
conspicillatus 

Australian 
Pelican 

0 0 0 0 0 0 0 0 0 0 0 2 0 2 

PETROICIDAE Microeca 
flavigaster 

Lemon-
bellied 
Flycatcher 

75 10 54 19 22 34 119 123 53 4 33 87 92 725 

PETROICIDAE Peneoenanthe 
pulverulenta 

Mangrove 
Robin 

17 0 0 87 82 16 0 10 0 190 0 0 0 402 

PHALACROCORACIDAE Phalacrocorax 
varius 

Pied 
Cormorant 

1 0 0 0 0 0 0 0 1 0 0 0 0 2 

PODARGIDAE Podargus 
strigoides 

Tawny 
Frogmouth 

0 0 0 0 0 0 0 0 0 0 0 0 1 1 

PSITTACIDAE Trichoglossus 
haematodus 

Rainbow 
Lorikeet 

7 0 1 2 1 0 0 5 4 4 0 0 5 29 

PSITTACIDAE Aprosmictus 
erythropterus 

Red-winged 
Parrot 

0 0 0 0 0 0 0 0 0 0 0 0 3 3 

PTILONORHYNCHIDAE Chlamydera 
nuchalis 

Great 
Bowerbird 

0 0 0 0 0 0 0 0 0 0 0 0 1 1 
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RALLIDAE Eulabeornis 
castaneoventris 

Chestnut Rail 8 0 0 12 36 13 0 0 0 75 1 4 55 204 

RALLIDAE Tringa nebularia Common 
Greenshank 

0 0 2 0 0 0 0 2 0 0 0 1 0 5 

RALLIDAE Actitis hypoleucos Common 
Sandpiper 

10 0 1 0 2 1 1 6 7 11 0 4 3 46 

RALLIDAE Numenius 
madagascariensis 

Eastern 
Curlew 

1 0 0 0 0 0 4 0 27 5 0 1 0 38 

RALLIDAE Numenius 
phaeopus 

Whimbrel 0 0 1 0 9 1 2 3 38 1 0 4 2 61 

SYLVIIDAE Cisticola exilis Golden-
headed 
Cisticola 

3 0 0 1 0 1 1 4 0 0 0 1 1 12 

SYLVIIDAE Megalurus 
timoriensis 

Tawny 
Grassbird 

1 0 0 0 0 0 0 0 0 0 0 0 0 1 

THRESKIORNITHIDAE Threskiornis 
molucca 

Australian 
White Ibis 

30 1 0 0 6 2 9 1 171 8 2 6 5 241 

THRESKIORNITHIDAE Platalea regia Royal 
Spoonbill 

0 0 0 0 0 0 0 0 6 0 0 0 0 6 

THRESKIORNITHIDAE Threskiornis 
spinicollis 

Straw-necked 
Ibis 

0 0 0 0 0 0 0 1 2 0 0 0 0 3 

THRESKIORNITHIDAE Platalea flavipes Yellow-billed 
Spoonbill 

0 0 0 0 0 0 0 4 0 0 0 0 0 4 

ZOSTEROPIDAE Zosterops luteus Yellow 
White-eye 

103 4 11 38 43 45 52 30 53 189 49 58 79 754 

*BC, Buffalo creek; BV, Bay view; CR, Casuarina Coastal Reserve: CP, Charles Darwin National Park; EB, East Arm Barrage; EH, East Arm 
Hamaura; ET, East Arm Train; EP, East Point; LA, Ludmilla; LR, Leanyer; ML, Mindil; NF, Nightcliff; RC, Rapid Creek. 
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Table A – 3. Species-area regressions based on the transformed log-log model fitted 

best. Model summary of richness and Log10 Area is given below. 

 

Model Constant 
(c) 

Slope 
(z) 

F1,12 P R2 

Log richness and log 
area 

1.55 0.03 1.97 0.19 0.39 

Richness and area 41.00 0.00 0.01 0.92 0.00 
Richness and log 
area 

35.87 3.02 1.72 0.23 0.14 

Log richness and 
area 

1.61 0.00 0.01 0.92 0.01 
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Table A-4. Indicator analysis for each mangrove zone for 13 patches combined. 

Percentage based on relative abundance and frequency for each mangrove zones. Av, 

Avicennia; Br, Bruguiera; Cr, Ceriops; FM, Fringe mangroves, Rh, Rhizophora; Vn, 

Vine; Sn, Sonneratia; P, Probability. 

 
INDICATOR VALUES    
No Species Av Br Cr FM Lz Rh Vn Sn P 

1 Striated heron 10 0 0 0 0 6 0 53 0.001 
2 Collared kingfisher 11 1 0 0 0 12 0 45 0.005 
3 Lemon-bellied flycatcher 31 1 2 0 3 14 6 25 0.039 
4 Banded honeyeater 0 0 0 0 0 0 0 25 0.053 
5 Little friarbird 4 0 0 0 0 2 7 22 0.045 
6 Rufous-banded honeyeater 59 0 1 0 1 4 2 22 0.1 
7 Broad-billed flycatcher 10 3 3 0 1 33 1 22 0.02 
8 White-bellied cuckoo-

shrike 
28 0 1 0 5 6 13 20 0.021 

9 Helmeted friarbird 29 4 4 0 5 12 10 18 0.033 
10 Torresian imperial Pigeon 0 0 0 0 0 1 3 17 0.071 
11 White-gaped honeyeater 16 2 2 0 7 4 15 16 0.445 
12 Sacred kingfisher 34 1 2 0 1 13 5 16 0.006 
13 Brown honeyeater 29 7 24 0 7 12 8 12 0.097 
14 Azure kingfisher 11 0 0 0 0 22 0 12 0.045 
15 Mangrove golden whistler 8 0 1 0 0 16 0 11 0.19 
16 Mangrove fantail 4 1 0 0 0 12 0 11 0.316 
17 White-throated honeyeater 0 0 0 0 6 0 3 10 0.368 
18 Little-bronze cuckoo 26 1 8 0 2 20 8 9 0.048 
19 Yellow oriole 23 1 0 0 4 4 25 8 0.093 
20 Rainbow bee-eater 40 0 5 1 6 3 17 8 0.001 
21 Shining flycatcher 18 5 9 0 2 40 0 8 0.006 
22 Figbird 26 0 0 0 0 0 25 7 0.034 
23 Peaceful dove 32 0 1 0 6 1 18 7 0.045 
24 Spangled drongo 15 0 0 0 5 0 16 7 0.209 
25 Olive-backed oriole 0 0 0 0 0 0 33 6 0.008 
26 Black butcherbird 16 2 5 0 4 38 3 6 0.006 
27 Bar-shouldered dove 44 2 5 0 12 5 12 5 0.003 
28 Northern fantail 20 4 1 0 9 14 9 5 0.153 
29 Varied triller 24 1 7 0 8 8 15 4 0.067 
30 Red-headed honeyeater 21 22 16 1 4 21 3 4 0.242 
31 Torresian crow 24 0 2 0 0 0 1 4 0.038 
32 Little bronze gerygone 24 9 6 0 3 36 1 3 0.019 
33 Brush cuckoo 7 0 0 0 5 0 39 2 0.007 
34 Leaden flycatcher 18 0 0 0 2 7 6 2 0.138 
35 Mistletoebird 30 0 3 1 1 1 6 2 0.022 
36 Yellow-white eye 36 2 25 0 4 11 2 2 0.018 
37 Magpie lark 38 0 1 1 8 0 1 2 0.007 
38 Little kingfisher 6 0 1 0 0 25 0 2 0.033 
39 Grey whistler 19 4 5 0 3 13 6 1 0.201 
40 Chestnut rail 1 3 13 0 0 37 0 1 0.016 
41 Forest kingfisher 3 0 0 0 2 1 22 0 0.045 
42 Golden-headed cisticola 5 0 1 0 2 0 20 0 0.051 
43 Double- barred finch 17 0 15 0 24 0 19 0 0.062 
44 Long-tailed finch 1 0 2 0 0 0 18 0 0.05 
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45 Green-backed gerygone 3 0 11 0 28 0 17 0 0.035 
46 Orange-footed scrubfowl 5 1 0 0 22 0 17 0 0.072 
47 Dusky honeyeater 9 1 0 0 0 0 15 0 0.081 
48 Cicadabird 0 0 0 0 0 0 14 0 0.143 
49 Emeral dove 0 0 0 0 0 0 14 0 0.131 
50 Tawny grassbird 0 0 0 0 0 0 14 0 0.11 
51 Rose-crowned fruit dove 0 0 0 0 0 0 13 0 0.311 
52 Silver-crowned friarbird 1 2 0 0 1 3 11 0 0.279 
53 Crimson finch 1 0 0 0 18 0 11 0 0.07 
54 White-winged triller 8 0 1 1 1 0 11 0 0.302 
55 Black-faced cuckoo-shrike 8 0 1 0 3 0 10 0 0.336 
56 Red-backed wren 0 0 0 3 0 0 9 0 0.25 
57 Dollarbird 6 0 0 1 1 3 4 0 0.792 
58 Bar-breasted honeyeater 4 2 0 0 0 0 4 0 0.902 
59 Little shrike thrush 0 4 13 0 0 20 0 0 0.102 
60 Arafura fantail 0 1 5 0 0 18 0 0 0.077 
61 Mangrove robin 2 6 23 0 0 12 0 0 0.076 
62 Tawny frogmouth 0 0 0 0 0 8 0 0 0.684 
63 Mangrove gerygone 56 1 22 0 1 6 0 0 0.001 
64 Chestnut-breasted manikin 0 0 0 0 8 0 0 0 0.675 
65 Great bowerbird 0 0 0 0 8 0 0 0 0.695 
66 Striated pardalote 0 0 0 2 6 0 0 0 0.642 
67 Large-tailed nightjar 0 9 0 0 0 0 0 0 0.404 
68 Australian pipit 8 0 0 0 0 0 0 0 1 
69 Restless flycatcher 8 0 0 0 0 0 0 0 1 
70 Willy wagtail 8 0 0 0 0 0 0 0 1 
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Figure A-1a The overall species richness and habitat variables in Principal 
Component Analysis   
 
 

 
 
Figure A-1b The MDS richness and habitat variables in Principal Component 
Analysis   
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Table A-5. The distribution and relative abundance of mangrove dependent species 

within mangrove zones summed across 13 patches around Darwin region. Zone 

acronym are in Table A-3. 

 
Site Zones BBB BBFC CR CKF MF MG MGW MR RHHE SH YWE 
BC Av 3 4 3 4 0 88 0 0 68 8 32 

 Br 1 5 3 1 1 3 0 0 66 2 4 
 Cr 0 3 1 0 0 18 0 0 15 0 11 
 FM 0 0 0 0 0 0 0 0 2 0 0 
 Lz 3 1 0 0 0 1 0 0 10 0 3 
 Rh 10 18 45 2 1 30 2 0 73 0 8 
 Vine 0 1 0 0 0 5 1 0 12 0 3 

BV Av 2 0 0 14 0 5 1 3 25 1 6 
 Br 1 0 0 2 0 0 0 10 16 0 1 
 Cr 1 0 3 0 0 29 0 47 47 0 15 
 FM 0 0 0 0 0 0 0 0 2 0 0 
 Lz 0 0 0 0 0 0 0 0 1 0 3 
 Rh 2 2 9 15 0 6 1 23 39 0 5 

CCR Av 2 0 0 0 0 37 0 0 47 2 26 
 Br 1 0 0 0 0 0 0 0 6 0 0 
 Cr 0 0 0 0 0 2 0 0 15 0 1 
 FM 1 1 0 0 0 0 0 0 5 0 4 
 Lz 0 0 0 0 0 4 0 0 11 0 4 
 Rh 11 3 1 1 0 0 0 0 44 3 2 
 Vine 5 3 0 0 0 1 0 0 29 0 1 

CDNP Av 3 0 7 0 1 60 10 13 23 0 29 
 Br 2 4 6 0 1 3 6 27 136 0 15 
 Cr 9 4 23 0 0 88 10 97 118 0 93 
 FM 0 0 0 0 0 0 0 0 0 0 0 
 Lz 0 1 0 0 0 0 0 0 1 0 0 
 Rh 20 20 36 18 5 12 26 50 123 0 26 

EAB Av 2 1 0 8 0 4 0 0 20 0 12 
 Br 1 3 0 1 0 4 0 4 31 0 0 
 Cr 0 2 1 0 0 10 0 6 26 0 9 
 FM 0 0 0 0 0 0 0 0 2 0 0 
 Lz 0 1 0 0 0 2 0 0 8 0 2 
 Rh 7 9 12 11 0 4 1 5 41 1 5 
 Vine 0 0 0 0 0 0 0 0 0 0 0 

EAH Av 3 2 0 1 0 57 0 0 48 0 25 
 Br 0 0 1 0 0 0 0 0 2 0 0 
 Cr 1 0 1 0 0 14 0 0 12 0 5 
 FM 0 0 0 0 0 0 0 0 3 0 0 
 Lz 0 0 0 0 0 0 0 0 8 0 1 
 Rh 1 3 0 3 1 11 0 0 37 0 11 
 Sn 1 1 2 35 0 0 0 0 21 10 7 
 Vine 0 0 0 0 0 0 0 0 0 0 0 

EAT Av 1 0 0 2 0 24 0 0 10 3 4 
 Br 0 0 2 0 0 1 0 5 25 0 2 
 Cr 1 2 8 1 0 67 0 37 68 0 26 
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 FM 0 0 0 0 0 0 0 0 1 0 0 
 Lz 0 1 1 0 0 0 0 0 3 0 1 
 Rh 4 9 24 13 0 12 0 29 51 1 5 

EP Av 4 4 0 1 1 97 0 0 47 3 30 
 Br 0 0 0 0 0 0 0 0 10 0 0 
 Cr 0 0 0 0 0 0 0 0 1 0 0 
 FM 0 0 0 0 0 0 0 0 0 0 0 
 Lz 1 0 0 0 0 8 0 0 11 0 2 
 Rh 16 23 0 5 11 14 9 0 32 3 4 
 Sn 2 15 0 35 7 1 4 0 10 14 3 
 Vine 2 1 0 0 0 1 0 0 13 0 3 

LLA Av 6 25 0 69 6 107 0 0 67 0 28 
 Br 0 2 0 7 0 1 0 0 44 0 1 
 Cr 6 5 0 3 0 43 0 0 50 1 18 
 FM 0 0 0 0 0 0 0 0 1 0 0 
 Lz 1 0 0 0 0 0 0 0 12 0 1 
 Rh 0 2 0 0 0 0 0 0 4 0 1 

LNR Av 1 11 0 0 0 174 39 10 2 0 24 
 FM 0 0 0 0 0 0 0 0 0 0 0 
 Lz 0 0 0 0 0 0 0 0 0 0 0 
 Vine 0 0 0 0 0 0 0 0 0 0 0 

MDL Av 1 0 0 0 0 0 0 0 5 1 2 
 Br 1 0 0 0 0 0 0 0 25 0 0 
 FM 0 0 0 0 0 0 0 0 0 0 0 
 Lz 13 0 0 0 0 0 0 0 14 0 2 
 Rh 2 0 0 0 0 0 0 0 0 0 0 

NC Av 0 0 0 0 0 2 0 0 1 1 0 
 Cr 0 0 0 0 0 0 0 0 0 0 0 
 FM 0 0 0 0 0 0 0 0 3 0 0 
 Rh 1 17 0 3 0 0 4 0 27 4 9 
 Sn 2 15 0 22 0 0 6 0 10 7 0 

RC Av 8 16 2 0 0 121 0 4 149 4 55 
 Br 0 2 1 0 0 4 0 1 90 0 3 
 Cr 0 1 1 0 0 13 0 3 17 0 7 
 FM 0 0 0 0 0 3 0 0 2 0 2 
 Lz 2 1 0 1 0 1 0 1 30 0 10 
 Rh 3 5 3 0 0 12 0 7 45 3 5 
 Sn 0 0 0 0 0 0 0 0 0 0 0 
 Vine 1 0 0 0 0 0 0 0 11 0 5 

*BBB, Black butcherbird; BBFC, Broad-billed flycatcher; CR, Chestnutrail; CKF, 
Collared Kingfisher; MF, Mangrove fantail; MG, Mangrove gerygone; MGW, 
Mangrove golden whistler; MR, Mangrove robin; RHHE, Red-headed honeyeater; 
SH, Striated heron; YWE, Yellow white-eye. 
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Table A-6.  Mean monthly bird density from April 2008 to March 2009 for 13 mangrove patches around Darwin. Density estimates was 

calculated using the program DISTANCE 5.2.  

Month BC BV CCR CDNP EAB EAH RC NGLF MDL LNR LLA EAT EP 
April 20.64 19.62 22.74 8.12 10.12 8.77 22.34 19.03 76.88 22.65 29.20 9.08 21.86 
May 21.13 15.27 12.94 8.90 28.95 8.21 34.44 24.96 52.45 16.45 21.66 12.40 19.23 
June 29.66 12.80 7.99 15.50 14.99 15.81 36.32 26.09 36.84 12.08 23.28 10.90 25.59 
July 13.95 11.13 11.87 10.62 18.12 13.16 20.88 6.48 47.65 16.78 24.23 9.16 20.55 
August 13.32 7.36 19.17 8.33 15.85 7.37 19.16 17.59 46.26 15.01 21.94 11.20 18.99 
September 12.29 17.63 14.64 10.25 12.93 4.67 13.29 22.35 41.31 15.66 11.98 6.88 20.78 
October 5.53 8.87 9.24 2.67 10.32 5.85 17.65 16.67 66.95 7.81 13.70 4.17 11.48 
November 12.64 11.04 9.22 2.65 17.35 8.38 21.27 14.19 21.20 13.73 14.36 5.76 16.30 
December 13.37 10.37 16.86 2.75 18.97 6.86 13.72 13.28 51.69 20.61 12.12 6.15 16.10 
January 2009 12.10 10.71 18.84 3.98 9.83 5.21 14.85 18.21 33.65 16.71 12.56 4.86 17.66 
February 2009 10.44 9.72 18.64 4.29 11.64 5.38 9.04 10.72 35.72 14.47 8.82 4.60 23.30 
March 2009 13.95 8.89 18.67 3.81 14.19 6.66 17.74 29.23 43.77 18.75 14.73 6.92 23.49 
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Table A-7. Bird density according to Family for 13 mangrove patches across Darwin region from 2008 to 2009 estimated using DISTANCE 5.2.  

Family BC BV CCR CDNP EAB EAH EAT EP LLA LNR NGLF RC MDL 
ALCEDINIDAE 0.12 0 0.08 0 0.05 0 0.03 0.06 0.01 0.43 0.01 0 0 
ARDEIDAE 0.08 0.01 0.09 0 0.01 0.05 0.03 0.28 0 0 0.36 0.05 0.06 
ARTAMIDAE 0.07 0.10 0.21 0.06 0.18 0.03 0.08 0.31 0.21 0 0.07 0.10 3.71 
CAMPEPHAGIDAE 0.12 0.22 0.26 0.03 0.20 0.15 0.02 0.19 0.13 0.05 0.12 0.06 1.30 
CAPRIMULGIDAE 0.00 0 0 0 0 0 0 0 0 0 0 0 0 
COLUMBIDAE 0.17 0.35 0.40 0.03 0.30 0.13 0.14 0.30 0.78 0.83 0.44 0.97 2.43 
CORACIIDAE 0 0 0.02 0 0.08 0 0 0 0 0 0 0 0 
CORVIDAE 0.04 0 0 0 0.03 0 0 0 0 0.09 0 0 0.30 
CUCULIDAE 0.11 0.04 0.13 0.07 0.09 0.02 0.05 0.09 0.13 0.10 0.07 0.06 0.06 
DICAEIDAE 0.06 0.40 0.01 0 0.01 0 0 0.06 0.20 0.13 0.31 0.31 2.04 
DICRURIDAE 0.20 0.07 0.16 0.09 0.19 0.05 0.07 0.40 0.28 0.17 0.36 0.17 0.40 
ESTRILDIDAE 0.32 0.24 0.59 0.04 0.29 0.09 0.60 1.61 0.38 0.03 0.47 0.37 1.27 
HALCYONIDAE 0.09 0.28 0.11 0.02 0.14 0.21 0.07 0.23 0.50 0.18 0.20 0.09 1.06 
MALURIDAE 0 0 0 0 0 0 0 0 0 0.01 0 0 0 
MEGAPODIIDAE 0.03 0.16 0.20 0 0 0 0 0.10 0.11 0 0 0.06 1.22 
MELIPHAGIDAE 0.79 0.88 0.70 0.80 0.94 0.53 0.67 1.19 0.88 1.54 1.08 1.46 4.42 
MEROPIDAE 0.45 0.14 0.51 0.11 0.60 0.16 0.10 0.59 0.36 0.18 0.31 0.33 0.82 
MOTACILLIDAE 0 0 0 0 0 0 0 0 0 0 0 0 0 
ORIOLIDAE 0.09 0 0.18 0 0.08 0.05 0.01 0.12 0.05 0.11 0.05 0.50 0.31 
PACHYCEPHALIDAE 0.21 0.14 0.85 0.12 0.22 0 0.18 0.13 0.67 0.41 0.31 0.13 1.55 
PARDALOTIDAE 0.54 0.34 0.63 0.15 0.35 0.24 0.29 0.55 0.93 0.86 0.13 0.63 1.66 
PETROICIDAE 0.54 0.88 0.37 0.20 0.34 0.55 0.51 1.45 0.58 0.63 1.47 0.37 1.01 
PODARGIDAE 0 0 0 0 0 0 0 0 0 0 0 0 0 
PTILONORHYNCHIDAE 0 0 0 0 0 0 0 0 0 0 0 0 0 
RALLIDAE 0.18 0.11 0.01 0.08 0.08 0.02 0.12 0 0  0 0.03 0 
SYLVIIDAE 0 0.01 0 0 0.01 0 0 0 0 0.02 0 0 0 
ZOSTEROPIDAE 0.95 1.05 0.82 0.61 0.95 0.65 0.44 0.97 0.71 0.43 0.80 1.38 0.93 
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Table A-8. Sum of Order across 13 mangrove patches for 14 months of sweep netting. Counts excluding unidentified insects, pupae and larvae. 
 

Order LDL EAB RC BC BV LNR CDNP EAT EAH MDL NCLF CCR EP TOTAL 
Blattodea 3 2 3 2 1 5 6 1 1 2 2 3 1 32 
Coleoptera 15 14 57 12 14 41 16 17 28 15 15 3 15 262 
Hemiptera 187 57 113 88 147 449 122 11 87 443 34 152 169 2059 
Hymenoptera 25 11 8 39 14 39 21 7 8 2 7 18 2 201 
Isoptera 2 0 0 0 0 0 0 0 0 0 0 0 0 2 
Lepidoptera 5 2 6 2 3 1 2 2 3 3 5 2 0 36 
Mantodea 1 0 1 2 1 7 2 0 5 2 0 5 1 27 
Diptera 23 16 30 40 18 70 6 21 11 34 10 24 17 320 
Odonata 0 0 1 0 1 5 3 0 1 2 8 1 0 22 
Othoptera 1 8 9 14 11 12 13 6 5 4 0 5 9 97 
Phasmatodea 1 0 2 0 1 0 4 0 0 1 0 6 3 18 
Spider 52 18 42 3 32 122 46 18 2 31 15 51 44 476 
Others 4 0 2 1 0 1 0 1 1 8 1 1 5 36 

TOTAL 319 128 274 203 243 752 241 84 152 547 97 271 266 3588 
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Table A-9. Sum of insects collected over a period of 12 months from April 2008 to March 2009 for 13 mangrove patches around Darwin region. 
 

 Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 
LDL 17 20 27 31 29 9 122 11 12 12 11 6 
EAB 5 6 12 19 4 11 27 10 5 5 7 6 
RC 25 28 29 51 26 14 26 12 8 8 8 9 
BC 21 24 16 66 10 13 10 9 11 9 4 10 
BV 12 18 17 38 17 19 30 26 20 15 12 4 
LNR 83 66 86 159 75 43 49 15 20 33 16 20 
CDNP 28 21 23 36 24 11 22 17 20 11 11 7 
EAT 17 17 9 19 12 8 17 8 15 14 16 2 
EAH 14 10 18 16 11 20 18 16 8 16 11 3 
MDL 22 12 17 65 46 60 155 63 29 54 20 13 
NCLF 12 7 12 17 11 4 12 6 3 4 3 3 
CCR 30 22 60 22 42 20 19 9 12 14 9 13 
EP 25 20 19 32 22 29 40 18 19 20 11 13 
TOTAL 311 271 345 571 329 261 547 220 182 215 139 109 
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Table A-10 
Prediction from regression model estimated based on mean proportions formed on the scale of the response variable corresponding to one 

binomial trial for mangrove dependent species. The predictions have been formed only for those combinations of factor for which means can be 

estimated without involving aliased parameters. SE, standard error; P, probability of occurrence. 

 
Species BBB YWE BBFC CR CKF MF MG MGW MR RHHE SH YWE 

Area 
(ha) 

P SE P SE P SE P SE P SE P SE P SE P SE P SE P SE P SE P SE 

                                
10 1.0 0 1.0 0 1.0 0 0.06 0.10 0.58 0.25 0.35 0.16 1.0 0 0.53 0.16 0.31 0.15 1.0 0 0.90 0.10 1.0 0 
50 1.0 0 1.0 0 1.0 0 0.99 0.04 0.99 0.03 0.36 0.14 1.0 0 0.53 0.15 0.37 0.15 1.0 0 0.88 0.10 1.0 0 
100 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.37 0.14 1.0 0 0.54 0.14 0.45 0.16 1.0 0 0.87 0.10 1.0 0 
150 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.39 0.14 1.0 0 0.54 0.14 0.53 0.18 1.0 0 0.85 0.10 1.0 0 
200 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.41 0.15 1.0 0 0.54 0.15 0.61 0.21 1.0 0 0.83 0.11 1.0 0 
250 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.42 0.17 1.0 0 0.55 0.17 0.69 0.23 1.0 0 0.81 0.13 1.0 0 
300 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.44 0.19 1.0 0 0.55 0.19 0.75 0.24 1.0 0 0.79 0.15 1.0 0 
350 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.46 0.22 1.0 0 0.55 0.22 0.81 0.23 1.0 0 0.76 0.18 1.0 0 
400 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.48 0.25 1.0 0 0.56 0.25 0.86 0.22 1.0 0 0.73 0.21 1.0 0 
450 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.49 0.28 1.0 0 0.56 0.28 0.89 0.19 1.0 0 0.70 0.25 1.0 0 
500 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.51 0.32 1.0 0 0.56 0.32 0.92 0.16 1.0 0 0.67 0.30 1.0 0 
550 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.53 0.35 1.0 0 0.56 0.35 0.94 0.14 1.0 0 0.64 0.35 1.0 0 
600 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 0.55 0.39 1.0 0 0.57 0.38 0.96 0.11 1.0 0 0.61 0.40 1.0 0 

*BBB, Black butcherbird; BBFC, Broad-billed flycatcher; CR, Chestnutrail; CKF, Collared Kingfisher; MF, Mangrove fantail; MG, Mangrove 
gerygone; MGW, Mangrove golden whistler; MR, Mangrove robin; RHHE, Red-headed honeyeater; SH, Striated heron; YWE, Yellow white-
eye. 
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Table A-11. Insects captured by mangrove birds identified at Order level. The second column represents insects which was unable to be 
identified. 
 
Species Insect Larvae Hemiptera Crab Araneae Hymenoptera Odonata Orthoptera Coleoptera Lepidoptera Mantodea Vertebrae Nectar Fruit Total 

Arafura fantail 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
Black butcherbird  0 0 4 0 0 0 0 0 0 0 1 0 0 5 
Broad-billed 
flycatcher 

41 0 1 0 1 0 2 1 1 1 0 0 0 0 48 

Brown honeyeater 74 1 1 0 1 0 0 0 0 0 0 0 191 0 268 
Collared kingfisher  0 0 6 0 0 0 0 0 0 0 0 0 0 6 
Dusky honeyeater 2 0 0 0 0 0 0 0 0 0 0 0 1 0 3 
Green-backed 
gerygone 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 12 

Grey whistler 32 6 3 0 1 1 0 1 1 1 1 0 0 0 47 
Helmeted friarbird 5 1 0 0 0 0 0 0 0 0 0 0 19 0 25 
Large-billed 
gerygone 

133 10 8 0 2 0 0 0 1 0 0 0 0 0 154 

Leaden flycatcher 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 
Lemon-bellied 
flycatcher 

62 1 0 0 0 3 0 0 0 0 0 0 0 0 66 

Little bronze-cuckoo 13 1 1 0 0 0 0 0 1 1 0 0 0 0 17 
Little shrike-thrush 4 1 1 0 0 0 0 0 0 0 0 0 0 0 6 
Mangrove fantail 9 0 0 0 0 0 0 0 0 0 0 0 0 0 9 
Mangrove gerygone 93 5 5 0 0 0 0 0 0 0 0 0 0 0 103 
Mangrove golden 
whistler 

9 0 0 0 1 1 0 0 0 1 0 1 0 0 13 

Mangrove robin 5 0 0 4 0 2 0 0 0 0 0 1 0 0 12 
Mistletoebird 2 0 0 0 0 0 0 0 0 0 0 0 2 0 4 
Northern fantail 38 0 5 0 0 0 0 0 0 0 0 0 1 0 44 
Rainbow bee-eater 19 0 3 0 0 3 6 0 0 0 0 0 0 0 31 
Red-headed 
honeyeater 

128 5 1 0 5 2 0 0 0 0 0 0 337 0 478 

Rufous-banded 53 7 4 0 0 1 0 1 0 0 0 0 28 0 94 
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honeyeater 
Sacred kingfisher 0 0 0 4 0 0 1 0 0 0 0 0 0 0 5 
Shining flycatcher 41 0 3 2 3 1 0 0 0 1 0 0 0 0 51 
Spangled drongo 3 0 0 0 0 0 1 0 0 0 0 0 0 0 4 
Varied triller 11 2 0 0 0 0 0 0 0 0 0 0 0 1 14 
White-bellied 
cuckoo-shrike 

4 1 0 0 1 0 0 1 0 0 0 0 0 0 7 

White-gaped 
honeyeater 

32 1 1 0 1 0 0 0 0 0 0 0 17 2 54 

White-winged triller 2 0 0 0 0 0 0 0 0 0 1 0 0 0 3 
Yellow white-eye 86 8 6 0 0 1 0 1 0 1 0 0 5 0 108 
Total 927 50 43 20 16 15 10 5 4 6 2 2 601 3 1714 
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Table A-12. Plant species collected and identified from 13 mangrove complex in Darwin region. Numbers indicate no of plants recorded from all 

the plots and subplots (5 x 5m plots, 2.5 x 2.5m plots and 2 x (1.25 x 1.25m). 

Species BC BV CCR CDNP EAB EAH EAT EP LLA LNR MDL NGLF RC 

Abrus precatorius 2 0 3 0 0 0 0 0 0 0 0 0 0 
Abutilon indicum 0 0 1 0 0 0 0 0 0 0 0 0 0 
Acacia auriculiformis 2 0 0 0 0 0 0 2 0 0 0 0 0 
Acanthus ilicifolius 1 0 0 0 0 0 0 0 0 0 0 0 0 
Aegialitis annulata 0 7 0 2 33 32 3 3 6 0 0 13 135 
Aegiceras corniculatum 0 0 0 0 1 3 0 0 0 0 0 24 0 
Allophylus cobbe 1 0 0 0 0 0 0 1 0 0 0 0 0 
Avicennia marina 1 1 28 48 4 2 38 77 17 62 6 15 3 
Bruguiera exaristata 45 71 12 8 4 3 49 11 8 0 3 0 5 
Bruguiera parviflora 142 1 1 77 115 0 235 0 2 0 0 0 1 
Camptostemon schultzii 0 0 0 1 1 0 0 0 0 0 0 0 0 
Capparis sepiaria 1 0 2 0 0 0 0 0 0 0 0 0 0 
Celtis philippensis 5 0 6 0 0 0 0 1 0 0 0 0 0 
Ceriops australis 58 43 241 577 535 266 57 8 25 0 0 1 198 
Clerodendrum inerme 0 0 0 0 0 0 0 2 0 0 0 0 0 
Cupaniopsis anacardioides 0 0 3 0 0 0 0 0 0 0 0 0 0 
Cynanchum carnosum 1 0 0 0 0 0 0 0 0 0 0 0 0 
Diospyros compacta 0 0 1 0 0 0 0 1 0 0 0 0 0 
Diospyros cordifolia 0 0 0 0 0 0 0 2 0 0 0 0 0 
Dodonaea platyptera 0 0 0 0 0 0 0 1 0 0 0 0 0 
Drypetes deplanchei 1 0 2 0 0 0 0 0 0 0 0 0 0 
Excoecaria ovata 0 0 1 0 3 1 2 0 0 3 0 0 0 
Exocarpus latifolius 7 0 2 0 0 0 0 0 0 0 0 0 0 
Flueggea virosa 0 0 0 0 0 0 0 1 0 0 0 0 0 
Ganophyllum falcatum 0 0 8 0 0 0 0 0 0 0 0 0 0 
Glochidion xerocarpum 7 0 0 0 0 0 0 0 0 0 0 0 0 
Glycosmis trifoliata 0 0 2 0 0 0 0 0 0 0 0 0 0 
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Grewia asiatica 0 0 0 0 0 0 0 1 0 0 0 0 0 
Gyrocarpus americanus 2 0 5 0 0 0 0 0 0 0 0 0 0 
Halosarcia halocnemoides 0 0 0 1 0 0 0 0 0 0 0 0 0 
Hibiscus populneoides 0 0 0 0 0 0 0 1 0 0 0 0 0 
Hibiscus tiliacus 0 0 0 0 0 0 0 1 0 0 0 0 0 
Indigofera sp. 0 0 0 0 0 0 0 4 0 0 0 0 0 
Leucaena leucocephala 0 0 0 0 0 0 0 17 0 0 0 0 0 
Lumnitzera racemosa 11 24 5 0 12 6 4 5 1 0 8 0 8 
Mallotus nesophilus 0 0 0 0 0 0 0 1 0 0 0 0 0 
Micromelum minutum 0 0 15 0 0 0 0 0 0 0 0 0 0 
Miliusa brahei 0 0 5 0 0 0 0 0 0 0 0 0 0 
Milletia pinnata 6 0 51 0 0 0 0 0 0 0 0 0 0 
Mimosops elengii 1 0 2 0 0 0 0 0 0 0 0 0 0 
Osbornia octodonta 0 0 0 0 0 0 0 0 0 0 0 3 0 
Pluchea indica  1 0 0 0 0 0 0 0 0 0 0 0 0 
Pongamia pinnata 2 0 39 0 0 0 0 0 0 0 0 0 0 
Premma seratifolia 6 0 0 0 0 0 0 0 0 0 0 0 0 
Premna serratifolia 1 0 0 0 0 0 0 0 0 0 0 0 0 
Pterocaulon sp. 0 0 0 0 0 0 0 4 0 0 0 0 0 
Rhizophora stylosa 42 46 29 34 6 39 17 41 27 0 3 32 67 
Santalum album 1 0 0 0 0 0 0 2 0 0 0 0 0 
Scyphiphora hydrophylacea 0 0 0 0 1 0 0 0 0 0 0 0 0 
Sonneratia alba 0 0 0 0 0 5 0 5 0 0 0 6 0 
Sp no 14 0 0 0 0 0 0 0 1 0 0 0 0 0 
Sterculia quadrifida 0 0 0 0 0 0 0 1 0 0 0 0 0 
Suaeda arbusculoides 0 0 0 1 0 0 0 0 0 1 0 0 0 
Tarenna dallachiana 0 0 2 0 0 0 0 0 0 0 0 0 0 
Tripedes sp. 0 0 0 0 0 0 0 47 0 0 0 0 0 
Tylophara flexuosa 0 0 1 0 0 0 0 0 0 0 0 0 0 
Xylocarpus moluccensis 0 0 11 0 0 0 0 0 0 0 1 0 0 
Ziziphus oenopolia 0 0 0 0 0 0 0 1 0 0 0 0 0 
Richness 24 7 26 9 11 9 8 27 7 3 5 7 7 
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Figure A-2. Flowering phenologies of three species of mangrove from 13 sites (10 individuals per site) in the Darwin region between March 
2008 to March 2009. Bud (--); fresh flowers (—■—); old flowers (···●···). These flowers were not used as nectar source by birds probably due 
to its minute size. 
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Table A-13. The percentage of all foraging observations that were made in each mangrove zone. Substrates Ar = air; Br = branch; Db = dead 

branch;Fl = foliage; Gr = ground; Rt = root; Tr = trunk. 

* BBFC, Broad-billed flycatcher; BHE, Brown honeyeater, GW, Grey whistler; LBG, Large-billed gerygone; LBF, Lemon-bellied flycatcher; 
MG, Mangrove gerygone; RBE, Ranibow bee-eater; RHHE, Red-headed honeyeater; SKF, Sacred kingfisher; SF, Shining flycatcher; VT, Varied 
triller; YO, Yellow oriole; YWE, Yellow white-eye. 
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 214 

 

 

Table A-14. Birds observed nesting in the mangroves between March 2008 to April 2009. Av, Avicennia marina; Be, Bruguiera exaristata; Bp, 

Bruguiera parviflora; Ca, Ceriops australis; Lz, Lumnitzera racemosa; Mt, Mistletoe; Rz, Rhizophora stylosa; Sn, Sonneratia alba; Xl, 

Xylocarpus mollucensis. Each abbreviation represents single observation unless stated in parenthesis. 
SPECIES March April May June July September October November December January 09 February 09 March 09 April 09 
Broad-billed flycatcher 0 0 0 0 0 Sn(2) 0 0 Rz 0 0 0 0 
Brown honeyeater Be 0 0 Av Ca 0 0 0 0 0 0 0 0 
Collared kingfisher 0 0 0 0 0 0 Sn 0 0 0 0 0 0 
Double-barred finch  Ca, Vn Mt,Ca 0 0 0 0 0 0 0 0 0 0 0 
Dusky honeyeater 0 0 0 0 0 0 Av 0 0 0 0 0 0 
Figbird 0 0 0 0 0 Sn 0 0 0 0 0 0 0 
Green-backed gerygone 0 0 0 0 0 0 0 0 0 0 Xl 0 0 
Grey whistler 0 0 0 Av(2) 0 0 0 0 0 0 0 0 Vn 
Helmeted friarbird Av  0 0 0 0 0 Av 0 0 Av 0 0 0 
Large-billed gerygone Be Av, Rz 0 0 0 Lz, Rz Av Av, Bp 0 0 0 Av 0 
Lemon-bellied flycatcher Av 0 Av  0 0 0 Rz,Sn 0 Av, Sn 0 Av 0 0 
Mangrove gerygone Av 0 Av(2) Av 0 0 Be 0 0 0 0 0 0 
Mangrove robin 0 0 0 0 0 0 Be 0 0 0 0 0 0 
Mistletoebird 0 Mt 0 0 0 0 0 0 0 0 0 0 0 
Northern fantail 0 0 0 0 0 Rz Av 0 0 0 0 0 0 
Peaceful dove Av 0 Av 0 0 0 0 0 0 0 0 0 0 
Red-headed honeyeater 0 0 0 0 0 Rz 0 Ca 0 0 0 0 0 
Rufous-banded honeyeater Av(2) 0 0 0 0 0 0 0 0 0 Av 0 0 
Shining flycatcher 0 0 0 0 0 0 0 0 0 Rz 0 0 0 
White-bellied cuckoo-shrike 0 0 0 0 0 0 0 0 0 0 0 0 0 
Yellow white-eye 0 0 0 0 0 Av Av Av 0 0 Av 0 0 
No of species 8 3 3 3 1 6 9 3 2 2 4 1 1 
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Plate A-1. Image showing Ceriops stand in Charles Darwin National Park. 
 

 
 
 
Plate A-2. Image showing Rhizophora stand in East Arm mangroves. 
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