
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



MANGROVE-AVIFAUNA RELATIONSHIPS  
IN AOTEAROA NEW ZEALAND  

 

Conservation insights from banded rail  
(Gallirallus philippensis) ecology  

 

 

 

 

 

 

 

 

 

 

 

 

 

A thesis presented in partial fulfilment of the requirements for  

the degree of Doctor of Philosophy in Conservation Biology  

at Massey University, Auckland, New Zealand 

JACQUES DE SATGÉ 
2023 

 



ii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Title page: A New Zealand banded rail, Gallirallus philippensis assimilis, stands among the aerial 

roots of the native mangrove, Avicennia marina var. australasica. Artwork by Rick de Satgé. 

Input page: A banded rail lurks among the pneumatophores and low-hanging branches of a 

mangrove tree. Artwork by Rick de Satgé. 



v 
 

Thesis abstract 

Among terrestrial vertebrates, birds are the most ubiquitous taxa in mangroves globally, using 

these habitats to breed, roost, and forage. However, within the past half century, the large-scale 

loss and fragmentation of mangrove forests throughout much of their distribution has 

corresponded with declines in populations of mangrove-using avifauna. Despite these declines, 

remarkably little is known about the avifauna that inhabit mangrove forests, nor the ecological 

relationships that exist between birds and mangrove habitats. The absence of this understanding 

presents a significant barrier to effective avifauna conservation in mangrove environments.  

The ecological relationships between the banded rail (Gallirallus philippensis assimilis) 

and mangroves (Avicennia marina var. australasica) in Aotearoa New Zealand are poorly 

understood, reflecting a lack of scientific research addressing mangrove avifauna globally. The 

study of banded rails has been hindered by their cryptic behaviours and exacerbated by 

mangroves being logistically challenging habitats to work in because of their intertidal nature, 

dense vegetation, and muddy substrates. The paucity of research in this field is a concern given 

that New Zealand’s population of banded rails – largely restricted to mangroves in the coastal 

and estuarine regions lining the northern shores of the North Island – is declining and 

categorised as ‘at-risk’ of extinction. Mangroves in New Zealand are globally anomalous, having 

expanded rapidly in recent decades and having been subject to intensive management 

predicated on vegetation removal. In this context, understanding the importance of mangrove 

habitats for banded rails is of ecological interest and conservation concern. This thesis elucidates 

the ecological relationships between banded rails and mangroves in the context of recent 

mangrove expansion and contemporary management practices (especially in terms of removals) 

in New Zealand by (1) reviewing mangrove management practices and their effects on avifauna, 

(2) determining the relative habitat quality of mangroves for banded rails, (3) establishing and 

implementing a reliable survey method for banded rails, and (4) quantifying banded rail habitat 

selection and use in saltmarsh-mangrove complexes of northern New Zealand.  

First, to understand the extent, configuration, and repercussions of mangrove removal in 

New Zealand, I reviewed all legal mangrove removals until 2020, using resource consent 

documents from relevant regional authorities. I determined that the area of mangrove removed 

is small relative to mangroves’ contemporary area and expansion. Decisions regarding 

mangrove removal largely prioritised human-centric desires for recreational spaces rather than 

principles of ecological restoration. In addition, I showed that an ecological understanding of 
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the repercussions of removal on avifauna is limited by insufficient monitoring. Drawing on 

limited data, I suggested that mangrove removal creates a conservation trade-off, benefitting 

species that use open habitats, such as waders and shorebirds, at the expense of mangrove-using 

avifauna. I then emphasised the importance of addressing the drivers of mangrove expansion 

rather than its symptoms, situating New Zealand’s management response in the theory of 

invasion biology.  

Second, I assessed the habitat quality of New Zealand’s mangroves for banded rails, using 

a resource-based approach. I quantified the abundance and diversity of macrofauna – key food 

resources to banded rails – collected from a stratified sampling regime across four habitat zones 

in four saltmarsh-mangrove complexes, determining that old-growth mangroves held the 

highest abundance and biomass of banded rail food resources. Additionally, I assessed the 

availability of these resources to banded rails using existing literature and field-based 

observations, theorising that mangroves provided the highest availability of food resources 

within saltmarsh-mangrove complexes.  

Third, I established and implemented a survey method novel to the study of banded rails 

(and cryptic marsh birds more broadly). I determined that a combination of camera traps and 

drift fences (CDF) provides an effective method for surveying banded rails in intertidal habitats, 

capable of providing both presence-absence data and inferences into banded rail movement 

patterns. I observed banded rail movements between saltmarsh and mangrove habitats to be 

correlated with temporal and tidal cycles, the first time banded rail habitat use has been assessed 

in relation to environmental cues. I explored the applicability and value of the CDF method as a 

monitoring tool, suggesting the method could support new research avenues for cryptic species 

and complement monitoring methods used for banded rails in New Zealand. 

Fourth, I quantified the habitat selection and habitat use patterns of banded rails at a 

home-range scale in saltmarsh-mangrove complexes, assessing data from GPS biotelemetry via 

resource selection ratios and a generalised linear mixed effects model. I determined that banded 

rail home ranges are largely restricted to saltmarsh and mangrove habitats finding that 

individuals select for mangrove habitats to support foraging efforts, select for saltmarsh habitats 

as roosting grounds, and generally avoid open habitats such as mudflats and residential gardens. 

I showed that habitat use may vary among individuals, noting two individuals that chose to roost 

in mangrove habitats overnight – a novel observation for this species. Additionally, biotelemetry 

findings confirmed movement patterns observed by camera traps in that banded rail habitat use 
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was mediated by temporal and tidal cycles. Banded rails were significantly more likely to use 

mangroves during the day, whereas saltmarshes were primarily used at night and during high 

tides.  

Combining insights from research findings and existing literature, this thesis demonstrates 

that mangrove habitats play an important role in supporting banded rails. While mangroves are 

not a prerequisite for the survival of banded rail individuals, mangroves represent preferred 

habitats and support banded rail behaviours such as foraging and roosting. Viewed from a 

population perspective, mangroves help maintain banded rail populations by providing habitats 

to the majority of the country’s banded rail population. Three observations from this thesis are 

particularly relevant to conservationists and coastal managers in New Zealand: (1) mangroves 

are not uniform habitats; mangrove forests may appear structurally similar, but can be 

functionally different in their ability to support avifauna populations, (2) mangroves are more 

important to banded rails than previously understood or quantified; mangroves are preferred as 

foraging habitat to banded rails, can support roosting behaviours, and may make small patches 

of adjacent saltmarsh or terrestrial scrub viable breeding habitats, and (3) mangrove removal is 

likely to adversely affect local populations of banded rail, but more research is required to 

understand the nuances of these effects.  
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Chapter 1 cover image: A banded rail  (Gallirallus philippensis assimilis ), a mangrove tree 

(Avicennia marina  var. australasica), and a digger represent the interactions between species, 

habitat, and people  used as a guiding framework for this PhD.  Artwork by Rick de Satgé. 
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1.1 Background  

Mangrove forests in Aotearoa New Zealand (henceforth  New Zealand) are rapidly expanding, 

fuelled by anthropogenic increases in terrigenous sediments and nutrients in estuaries 

(Horstman et al. 2018). This expansion, in stark contrast with global mangrove declines (FAO 

2007; Spalding et al. 2010; Giri et al. 2011), has sparked debate about the value of mangrove 

ecosystems and raised concerns about changes to the habitat composition,  ecosystem 

functioning, and recreational value of estuaries in New Zealand  (Thrush et al. 2004; Harty 2009; 

Makowski & Finkl 2018) .  

In response to mangrove expansion in the past half century , regional authorities  in 

northern New Zealand  have removed substantial areas of mangrove vegetation throughout its 

distribution (Lundquis t et al. 2014, 2017) despite a limited understanding of the ecological 

ramifications of these actions (Morrisey et al. 2010; Lundquist et al. 2014) and at odds with 

international efforts to restore mangrove forests  (Spalding et al. 2014; UNEP et al. 2014). 

Consequently, New Zealand’s mangroves have drawn intensive academic scrutiny (Horstman et 

al. 2018), including research on sediment processes (Nichol et al. 2000; Thrush et al. 2004; Jones 

2008; Morrisey et al. 2010), invertebrate communities (Ellis et al. 2004; Alfaro 2006, 2010), carbon 

dynamics (Bulmer et al. 2016, 2020; Perez et al. 2017), nutrient fluxes (Lovelock et al. 2007; 

Bulmer et al. 2017b), mangrove management (Harty 2009; Morrisey et al. 2010; Lundquist et al. 

2014, 2017; Stokes et al. 2016), and mangrove removal as a restoration tool (Stokes et al. 2016; 

Bulmer et al. 2017a). Despite this extensive research, remarkably little  study has addressed the 

importance of mangroves  as habitats for native birds (Lundquist et al. 2014; Bell & Blayney 

2017b; Makowski & Finkl 2018) and avifauna are often omitted when evaluating the restoration 

success of mangrove removals (Stokes et al. 2016). A lack of mangrove- avifauna  research is 

noteworthy given that b iologists have studied the relation ships between birds and their habitats 

for decades (Block & Brennan 1993), often situating these  studies in the context of rapidly 

changing environments  (Morrison et al. 2006; Saltz & White 2013; Seifert et al. 2018).  

Although just 30–35 bird species are considered endemic to mangroves globally,  almost 800 

avifauna species or subspecies are thought to have distinct populations that  are primarily found 

and reproduce in mangrove ecosystems (Luther & Greenberg 2009; Huang et al. 2019). New 

Zealand does not have any bird species considered  endemic to mangrove forests (Crisp et al. 

1990) but  multiple species regularly use mangroves to roost, breed, and forage (Cox 1977). The 

lack of scholarship  on the value of mangroves as habitats to birds , both in New Zealand and 
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globally , can be largely attributed to difficult working conditions and the cryptic nature of many 

species that inhabit coastal wetla nds (Marchant & Higgins 1993; Macintosh & Ashton 2002; Kutt 

2007; Williams 2016). This thesis seeks to rectify this knowledge gap by improving ecological  

understanding of the relationships between the ba nded rail ( Gallirallus philippensis assimilis ) 

and mangrove forests in New Zealand, situating this research in a framework that  evaluates the 

species, its habitats, and socio-political context that  influences conservation and habitat 

management.  

The banded rail  is of particular interest because it is classified as ‘at-risk’ of extinction  and 

undergoing decline in New Zealand (Robertson et al. 2021), while  its population has undergone 

a substantial range contraction over the last century ( Elliott  1983). Moreover, b anded rail s are 

frequently associated with  mangroves in New Zealand, by biologists  and birdwatchers alike  (Bell 

& Blayney 2017a). An estimated 80-90% of New Zealand’s banded rail  population occurs in or 

adjacent to mangroves (Bellingham 2013; Bell & Blayney 2017a) and the species has been 

promoted  as a flagship for ma ngrove and wetland conservation  (National Wetland Trust 2021; 

Forest and Bird 2022a). Despite this status,  data collected on banded rails are sparse (Robertson 

et al. 2017) and inferences about their habitat selection and use are limited ( Elliott  1987, 1989; 

Botha 2011; Beauchamp 2015, 2022). The banded rail’s ‘at-risk’ conservation status, as well as 

their close association with mangrove habitats subject to intensive  management interventions , 

highlight s a pressing need to understand the relationships between banded rails and mangrove 

habitats in order to inform effective conservation strategies. 

1.2 Theoretical framework  

The foundational objective of t his PhD is to elucidate the ecological relationships between 

banded rails and mangrove habitats. As has long been the case for ecological study, I situate 

these relationships within habitat theory  as I evaluate banded rail habitat selection, use, and 

quality  in this thesis.  While an understanding of the associations between animals and their 

habitats is a prerequisite for effective conservation (Luck 2002; Morris 2003; Morrison et al. 2006; 

Seifert et al. 2018), Giles (1978), author of the book Wildli fe management , emphasises the 

importance of recognising the societal context in which ecological relationships and 

conservation take place. Giles visualises the relationships between wildlife, habitat, and people 

in a triad , presenting these separate elements as interactive. This viewpoint  resonates with the 

intersectionality of  conservation biology , a scientific field that draws on multiple disciplines, 
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including social sciences, biological  sciences, and resource management  (Soulé 1985; Dyke 

2008; Van Dyke & Lamb 2020). 

Adapting Giles’ triad  concept, this thesis adopts a theoretical framework that examines the 

ecology of banded rail -mangrove relationships in the context of habitat management and 

conservation  biology (Figure 1.1). While the bulk of this thesis examines the relationships 

between banded rails and mangrove forests through the lens of habitat theory  (Chapters 4-6), it 

also evaluates mangrove management in New Zealand  (Chapter 3) and explores the 

conservation implications of research findings  throughout . In the following chapter (Chapter 2), 

I provide a comprehensive review of the species (banded rail, Gallirallus  philippensi s), the 

habitat (mangroves, Avicenia marina  var. australasica), and the socio-political context  (‘people’)  

that make up the three corners of the theoretical framework  triad (Figure  1.1). The interaction of  

these three areas is critical as is indicated by the  bi -directional arrows in Figure 1 .1. 

1.2.1 Ecological study: habitat theory  

Much of  this thesis evaluates the ecology of banded rails, i.e., the relationships between  a species 

and its environment (Block & Brennan 1993). Here, I summarise the habitat theory that  frames 

these relations hips and apply this theory to the  study of banded rails in mangrove habitats of 

New Zealand. 

1.2.1.1 Functional and structural habitat 

As researchers have assembled increasing knowledge on animals and the environments in 

which they live, the concept of ‘habitat’ has played a key role in interpreting how individuals 

interact with their surroundings (Block & Brennan 1993; Morrison et al. 2006). The habitat 

concept is a cornerstone of ecological study and wildlife management (Krausman 1999) , and has 

been applied in a wealth of studies (Morrison et al. 2006). While this has aided the development 

of the concept, it has also resulted in loose terminology and a varying set of definitions related 

to habitat (Block & Brennan 1993; Krausman 1999; Jones 2001; Gaillard et al. 2010). As per 

Gaillard et al. (2010), this thesis recognises two inherently different, but complementary 

definitions for the term ‘habitat’ – the ‘functional’ definition and the ‘structural’ definition 

(described in detail  below).   
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Figure 1.1 A visual depiction of the theoretical framework for this thesis. Based on Giles’ (1978) triad concept of 
the interconnected relationships between wildlife, habitat, and people, this thesis is structured by a theoretical 
framework which studies the ecological relationships between the banded rail (top) and mangrove habitats 
(bottom right) in the context of their relationships with people (bottom left) through the lens of habitat 
management and conservation. In this visual representation of the theoretical framework , ‘people’ are 
depicted as a digger (being driven by a human), because people frequently use heavy-machinery during the 
removal of mangrove forests  – an intervention that  has come to define contemporary mangrove management 
in New Zealand.   
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A habitat is, in its simplest form, the place where an organism lives (Odum 1971). While 

useful, this  simple  definition does not enlighten the relationship between organism and place. 

The concept of the ‘niche’ –  the suite of biotic and abiotic factors that permit an animals 

existence in an environment, and the manner in which an animal exploits these factors 

(Hutchinson 1957; James et al. 1984; Block & Brennan 1993) – links occupancy with environment, 

and is the theoretical backbone of the ‘functional’ habitat concept ( Gaillard et al. 2010) 

exemplified by multiple authors (Block & Brennan 1993; Hall et al. 1997; Krausman 1999; Sinclair 

et al. 2005). Thus, the functional habitat concept  (FHC) defines habitats as the subset of 

resources and conditions –  a distinctive set of physical and environm ental factors – which result 

in occupancy, including survival and reproduction, by a given organism (Block & Brennan 1993; 

Krausman 1999).  

While vegetation is an important component of the FHC , it only makes up part of the sum 

of specific resources that are needed by organisms (Cody 1981; Krausman 1999). These resources 

are traditionally  viewed to consist of food, water and cover (Leopold  1933), while more recent 

theory includes a wide variety of environmental factors (Morrison et al. 2006) such as 

temperature, precipitation, topography, species interactions (e.g. , predation and competition), 

and further organism -specific factors (Krausman 1999). Thus, habitat is a series of components 

unique to the organism in question. The dispersion of these components in space and time 

determines the distribution, density, structure and productivity of wildlife populations 

(Morris on et al. 2006). Gaillard et al. (2010) coin FHC as ‘functional’ as this conceptualisation of 

habitat can be functionally linked with aspects like animal survival or reproductive success 

(Pulliam 2000).  

Using this functiona l interpretation of habitat, the presence and persistence of banded rail 

in mangroves (or other habitats) is likely related to a suite of factors, including (but not limited 

to) the structure and diversity of the vegetation ( Elliott  1989; Botha 2011), the distribution of food 

resources (Elliott  1987), predation (Parker & Brunton 2004) , competition , and the availability of 

fresh water (Elliott  1983). 

‘Structural habitat’  (SHC) provides an alternate “common -sense resource-based” 

definition of habitat (Gaillard et al. 2010) defined by spatially contiguous, homogenous , and 

physiognomically distinct categories of vegetation communities (Hutto 1985; Gaillard et al. 

2010). While more restrictive than FHC, Hutto (1985) argues that dominant plant species 

extensively alter environments such that important subsets of species are coincident in their 
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distributions, and that habitat types cor respond well with biome types or plant community types 

(Whittaker 1975; Ricklefs 1979; in Hutto 1985). Habitat categories might therefore include 

saltmarsh, mangrove, grassland, pine forest, and so forth, with more refined categories (e.g. rush 

saltmarsh) possible if they are spatially and physiognomically distinct (Hutto 1985) . The 

shortcomings of this definition  are that it is not species-specific, does not account for spatial and 

temporal scales, and its quality to a given animal is difficult to measure (Gaillard et al. 2010). 

Nevertheless, the application of SHC has high re levance to wildlife management, as 

conservation policy is often shaped by a corresponding view of the environment (Morrison et al. 

2006; Gaillard et al. 2010). 

In New Zealand, coastal policy and concomitant management practices  adopt a structural 

habitat definition  of mangrove forests. Mangrove vegetation is ‘managed’ on the basis of its 

identity  (a species of vegetation), rather than its function al value to other species (Harty 2009). 

For example, mangrove removal projects in New Zealand target the mangrove species, Avicennia 

marina  var. australasica, while adjacent habitats comprising other species such as rush 

saltmarsh (e.g. Juncus kraussii  subsp. Australiensis ) are left in place (Morrisey et al. 2010; 

Lundquist et al. 2014). Similarly, where mangroves are monitored as  a habitat for banded rails  

(e.g., Beauchamp 2015; Don 2015; Don & Wedding 2016), this habitat is viewed structurally,  with 

the assumption that banded rails are coincident  in the distribution of a dominant vegetation 

type (Hutto 1985; Heather & Robertson 2005). 

1.2.1.2 Habitat quality, use and selection  

When studying how animals use and select their environments, researchers typically attempt to 

quantify habitat quality and availability. For populatio ns to persist within an area, habitats must 

be of sufficient quality (also referred to as ‘suitability’) –  i.e., provide the conditions or resources 

suitable for survival, reproduction and population persistence (Block & Brennan 1993) . Habitat 

quality can be seen as a continuous variable; ranging from low (i.e. resources only available for 

survival), to median (resources support reproduction), to high (resources available for 

population persistence) (Block & Brennan 1993; Hall et al. 1997; Krausman 1999).  

Understanding the distribution and availability of resources in mangrove habitats can 

provide insight into the quality of these habitats for banded rails (Johnson 2007). Specifically, 

understanding the abundance and distribution of banded rail  food resources – typically benthic 

macrofauna (Elliott  1983) – in mangrove environments can yield insight into their  relative  

habitat quality. Although  macrofauna have been studied  in mangrove environments  in New 
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Zealand (Ellis et al. 2004; Alfaro 2006, 2010), their  distribution and abundance have not been 

used as a measure of habitat quality for  birds, nor linked to habitat use patterns of  species such 

as the banded rail.  In  Chapter 4 of this thesis, I quantify the distribution  and abundance of 

macrofauna in order to assess the habitat quality of mangroves for banded rails . 

In addition to assessing habitat quality, this thesis also seeks to quantify habitat selection 

and use by banded rails using camera traps (Chapter 5) and GPS biotelemetry (Chapter 6).  

‘Habitat use’ refers to the “manner in which a species uses a collection of environment al 

components to meet life requisites” (Block & Brennan 1993 , p. 38). Habitat use can be broken 

down into specific needs such as foraging, denning, breeding, roosting or other life history traits 

(Block & Brennan 1993; Krausman 1999). These categories can divide habitat into use- based 

areas (e.g. nesting habitat or foraging habitat), but more than one category can exist in a given 

area (Krausman 1999). For example, an area used for foraging may also illustrate the physical 

characteristics that facilitate roosting, cover behaviours or both (Kong et al. 2018). As discussed 

in more detail in coming chapters, mangroves may facilit ate multiple life requisites for banded 

rails (Botha 2011; Beauchamp 2015; Bell & Blayney 2017a). 

‘Habitat selection’ is often  equated (or used interchangeably ) with ‘habitat use’, despite 

being a distinct concept within ha bitat theory (Jones 2001). Habitat selection refers to the innate 

and learned behaviours that allow an animal to distinguish environmental components ; these 

behaviours  result in a disproportionate use of habitats to influence survival and fitness (Block & 

Brennan 1993; Jones 2001). Thus “when resources are used disproportionately to their 

availability, use is said to be selective’’ (Manly et al. 2002, p. 1). Habitat selection implies that 

individuals actively understand and respond to complex environmental and behavioural 

processes, meaning habitat- use patterns are the product of habitat -selection processes 

(Krausman 1999; Jones 2001).  

Habit at selection by banded rails has not been studied in New Zealand  (or elsewhere), 

although banded rail habitat use has received minor attention. Elliott  (1987) quantified habitat -

use patterns of banded rail s in saltmarsh habitats near Nelson  on the New Zealand South Island , 

suggesting that banded rails  preferred  vegetation that provided adequate aerial cover without 

impeding their movement along the ground . Elliott ’s (1987) study was restricted to sites on the 

South Island , some of the few locations where banded rails occupy areas of rush saltmarsh in the 

absence of mangroves. In saltmarsh-mangrove complexes on the North Island –  home to an 

estimate 80-90% of New Zealand’s banded rail population  (Bellingham 2013)  – little is known 
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about banded rail  habitat use or selection . Observations from grey literature (Botha 2011; 

Richardson et al. 2019) and scientific  study (Beauchamp 2022) suggest that banded rail s select 

for mangrove habitats to support foraging behaviours, but this has long remained  a working 

hypothesis . This thesis addresses this hypothesis in Chapter 6, where I used GPS biotelemetry to 

determine the habitat use and selection of  banded rail s among habitats at a  home range scale. 

1.2.1.3 Habitat scale 

When evaluating wildlife- habitat relationships, it is imperative that researchers recognise 

that their perceptions are scale -dependent (Hall et al. 1997). Johnson's (1980) seminal work on 

hierarchical habitat selection defines four spatial scales at which selection  takes place: first -order 

selection that takes place at a geographic scale, i.e. the distribution of a species; second-order 

selection for a home- range, i.e. where animals conduct their activities; third -order selection for 

specific components or patches within of their home- range; and fourth order selection for 

specific sites (e.g., nest) or item (e.g., food) within a given habitat component (Hall et al. 1997; 

Gaillard et al. 2010). These scales are often grouped as macrohabitat – landscape-scale features 

that correlate with the distribution or abundance of species; and microhabitat –  specific, 

recognisable features of the environment such as patches of habitat or a tree that correspond s 

with the presence of individuals (Block & Brennan 1993) . 

In this  thesis, I evaluate habitat selection  by banded rails at the second-order scale only 

(Chapter 6) as plans to evaluate selection at first - and fourth -order scales were scuppered by 

multiple Covid-19 lockdowns in 2020 and 20211. However, I outline future pathways f or this 

research in Chapter 7.   

 
1  The Covid-19 pandemic had significant repercussions for the scope of this thesis. Frequent and 

unpredictable regional border closures meant that study sites outside the Auckland region were inaccessible at 
key times, included during fieldwork sessions that  had been planned months in advance. Moreover, due to DOC 
permit restrictions, biotelemetry fieldwork could not be undertaken without a  licensed, rail -qualified  DOC 
Officer – of which there are ca. 5 in the country, none of whom live in the Auckland region.  Given inter -regional 
travel was banned for months at a time, this preven ted several planned fieldwork sessions from going ahead. In 
addition to affecting this thesis’ scope, Covid- 19 had negative effects on the research environment, for  students 
and their supervisors alike. The loss of both the tangible and intangible aspects of being a PhD student  – 
including academic community, lab meetings, field excursions, in -person interaction s with colleagues , 
impromptu brainstorming sessions and collaboration opportunities , conferences, teaching opportunities, 
access to lab equipment , a quiet and comfortable working environment, among others – took a significant toll 
on my ability , and the ability of others, to meet research objectives and stick to pre -pandemic timelines . In the 
case of this thesis, I required an addit ional year to  undertake additional fieldwork and meet adjusted goals.   
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1.2.2 Contextualising ecological relationships  

As do many scholars, Giles (1978) argues that wildlife -habitat relationships interact with, and are 

influenced by, people.  As such, understanding how society perceives and interacts w ith species 

or habitats is a fundamental part of effective conservation (Dickman 2010; Saltz & White 2013; 

Colléony et al. 2017; van Eeden et al. 2020). In New Zealand, policy , management, and public 

perception s of coastal habitats and their birds  (Harty 2009; Lundquist et al. 2014; Stokes et al. 

2016) have the potential to in fluence the ecological relationships between banded rails and 

mangrove forests, both positively and negatively . Here, I discuss the tensions in policy and 

public perception  and highlight  the importance  of providing this context  when examining 

banded rail -mangrove relationships.  

1.2.2.1 Conservation  policy and perception  in New Zealand: birds  

New Zealand has a well-established and internationally renowned conservation ethic  (Clout 

2001; PCE 2017) and is particularly known for its pioneering work in bird conservation (Clout & 

Craig 1995; Miskelly & Powlesland 2013), its mission to eradicate invasive mammalian predators 

(Russell et al. 2015), and its extensive network of conservation areas  (Craig et al. 2000; Norton 

2000). Public support for conservation efforts in New Zealand is generally high  (Craig et al. 2000; 

Seabrook-Davidson & Brunton 2014; Peters et al. 2015) and public awareness campaigns for 

avifauna protection, such as Forest and Bird’s ‘Bird of the Year’ (started in 2005), are popular and 

regularly receive international attention. Most i ndigenous bird species are protected under the 

1953 Wildlife Act, a policy decision that has driven the expansion New Zealand’s conservation 

estate in recent decades (PCE 2017). Today, more than a third of  New Zealand’s land area lies 

within a network of national parks, wildlife areas, conservation areas, reserves and private 

sanctuaries (Clout 2001; Department of Conservation 2022) . Following the Wildlife Act, t he 

conservati on of bird species was further entrenched by the 1991 Resource Management Act  

(RMA) that  made the protection of “significant habitats of indigenous  fauna” a matter of national 

importance , and later mandate d that regional authorities  “maintain indigenous biological 

diversity” (PCE 2017, p.22). National and regional authorities have poured huge sums of money 

into conservation efforts  (Cullen et al. 2005), most notably in support ing the ‘Predator Free 2050’ 

ambition  to rid mainland New Zealand of  invasive mammalian predators by 2050 (Russell et al. 

2015).  

As part of New Zealand’s avifauna conservation efforts , the Department of Conservation 

(founded  in 1987) established the New Zealand Threat Classification System (NZT CS) in 2001, 
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creating a systematic approach for assessing the conservation status of birds within New Zealand 

and its coastal waters (Townsend et al. 2008; Robertson et al. 2021). In the NZT CS, birds are 

assigned one of four high- level threat rankings  based largely on estimates of population size and 

ongoing or predicted population trends : extinct,  threatened, at risk, or not threatened 

(Townsend et al. 2008). In the most recent NZ TCS assessment, approximately 80% of New 

Zealand’s resident native bird species are described as either ‘at risk’ or ‘threatened’  (Robertson 

et al. 2021). The threat status of taxa in the NZ TCS is complemented by ‘qualifiers’ , critical  pieces 

of information about a taxon’s listing, status, and management (Townsend et al. 2008). In the 

most recent NZ TCS (2021), banded rails were classified as ‘At Risk – Declining’ with an estimated 

population of 5,000 – 20,000 individuals and a low ongoing decline forecasted to lead to a 10 – 

30% population reduction within the next ten years (Robertson et al. 2021). This threat 

classification  is accompanied by multiple qualifiers, including ‘Climate Impact’ (the species is 

known or predicted to be adversely affected by long- term climate trends and/or extreme events), 

‘Conservation Research Needed’ (the causes of decline and/or solution for recovery  need further 

research), ‘Data Poor Size’ (there is a lack of data on population size), ‘ Data Poor Trend’ (there is 

lack of data on population trend s), and ‘Range Restricted’ (confined to substrates, habitats, or 

geographic areas of less than 1,000 square kilometres).  

Echoing the data-poor qualifiers that des cribe  the banded rail’s threat classification, the 

species is not widely known to the New Zealand public  – probably as a result of the banded rail’s  

reclusive nature (Elliott 1983; Marchant & Higgins 1993) and lack of academic study . In the 2022 

edition of  the ‘Bird of the Year’ competition, Forest and Bird assigned  the banded rail to the  

‘underbird ’ category, a list of 20 “overlooked” birds identified using an algorithm that took into 

account the birds’ popularity in previous iterations of the competition, media coverage, and 

conservation status  (Forest and Bird 2022b). This category is indicative of a broader trend in 

conservation: animals that are not deemed attractive,  charismatic , and/or highly endangered  

tend to go largely unnoticed by the public and are understudied by scientists (Clucas et al. 2008; 

Smith & Sutton 2008; Veríssimo et al. 2009, 2017; Colléony et al. 2017). In the 2021 and 2022 

editions of Bird of the Year,  the banded rail  was the subject of small-scale advocacy campaigns 

by the National Wetland Trust and the Office of the Prime Minister’s Chief Science Advisor, but  

the species failed to make the top ten in the final vote count in both years .  
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1.2.2.2 Conservation policy and protection in New Zealand:  mangroves 

In 1995, the Ministry for the Environment set the goal of maintaining and enhancing the net area 

of New Zealand’s remaining indigenous forests and enhancing the ecological integrity of other 

remaining indigenous ecosystems  to counteract the extensive loss of forest cover (70% lost) and 

wetlands (90% lost) since human colonisation of New Zealand  some 800 years ago(MfE 1995). 

This goal catalysed legislative and attitudinal changes in the  late 1990s that saw a shift away from 

bush clearance towards preservation  of native habitats , resulting in most public indigenous 

forests falling under the protection of the Department of Conservation  (Davis & Cocklin 2001). 

As a result, the rate of indigenous land cover loss has slowed substantially in recent decad es (MfE 

& Stats NZ 2022), although estimates suggest that there has been a small net loss of indigenous 

land  cover (native forest, scrub, shrubland, and grasslands)  between 2012 and 2018. Motivati on 

for forest preservation and restoration in New Zealand extends beyond ecologically -oriented  

goals as native forests are considered important  to people, promoting wellbeing and a sense of 

place as well as providing economic benefits and recreation opportunities, and contributing to 

New Zealand’s national identity  (Masterson et al. 2017; Department of Conservation 2020; 

Dunball 2 020; MfE & Stats NZ 2022). 

While inland forests in New Zealand are protected and valued by people and policy alike, 

coastal mangrove forests are often  perceived differently.  Similar to inland forests, mangrove 

forests underwent significant declines with  the arrival of European settlers, as coastal areas were 

subject to  coastal development, grazing, and reclamation for ports and agriculture (Morrisey et 

al. 2007; Horstman et al. 2018). Implementation of the 1977 New Zealand Harbour’s Amendment 

Act and the 1994 New Zealand Coastal Policy Statement granted mangroves protected status, 

given they are an indigenous vegetation  (Harty 2009; Morrisey et al. 2010; Stokes et al. 2016). In 

addition, mangrove forests are protected  under the RMA under the mandate s to protect “areas 

of significant indigenous vegetation and significant habitats of indigenous flora” and to prevent 

disturbance or destruction to coastal areas  in “a manner  likely to have an adverse effect on the 

foreshore or seabed, or on plants or anima ls or their habitat” (New Zealand Government 1991, 

RMA sections 6 and 12e). Unlike inland forests, mangrove forests have rebounded substantially 

since their early decline, primarily as anthropogenically -induced increases in sediment have 

facilitated the rapid seaward expansion and densification of mangroves (Lundquist et al. 2014; 

Swales et al. 2015; Suyadi et al. 2019). As a result, coastal policies allow the removal of mangrove  

seedlings and mature forests at small scales (Environment Waikato 2012; Auckland Council 2019; 

Bay of Plenty Regional Council 2019; Northland Regional Council 2020) , while removal at larger 
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scales is possible (and common – see Chapter 3) with a resource consent  from a regional 

authority  (New Zealand Government 1991, RMA section 12e). This approach is in alignment 

with the RMA man date to provide for “the maintenance and enhancement of public access to 

and along the coastal marine area”  (New Zealand Government 1991, RMA section 7). 

The expansion of mangrove forests in New Zealand has fuelled significant social debate, 

resulting in polemic viewpoints regarding mangrove protection  (as applied to inland forests) and 

mangrove removal (as applied to invasive vegetation). In  many coastal communities, mangroves 

are unwanted , perceived as eyesores, odorous , and detrimental to coastal ecosystems  and 

recreational activities  (Harty 2009; Dencer-Brown et al. 2018). This viewpoint is a far- cry from 

the wider appreciation of inland indigenous forests (MfE & Stats NZ 2022)  despite the array of 

ecosystem services provided by mangroves (Barbier et al. 2011; Dencer-Brown et al. 2018) and a 

push for mangrove  restoration in other parts of the world (Spalding et al. 2014; UNEP et al. 2014). 

In New Zealand, mangrove management has become synonymous with vegetation 

removal, reflecting the general approach taken for invasive vegetation (Nackley et al. 2017). In 

Chapter 3 of this thesis, I situate New Zealand’s mangrove management practices within the 

theory of invasion biology, arguing that mangrove expansion in New Zealand meets the 

theoretical p rerequisites of a native inv asion (Valéry et al. 2009; Simberloff 2010) and is perceived 

and managed accordingly.  In Chapter 3, I discuss the differences between management of alien 

and native invasions and highlight the importance and complexities of addressing the drivers of 

mangrove expansion in New Zealand.  

1.2.2.3  Tensions in policy and perception  

The perceptions and policies surrounding mangroves and birds such as the banded rail yield 

several tensions. First, and most pertinently , banded rails are deemed an ‘at risk’ species 

undergoing population  decline (Robertson et al. 2021), yet the habitats they are most commonly 

associated with (Bell & Blayney 2017a) – mangrove forests – are actively removed in New 

Zealand. Second, New Zealand society at large appreciates avifauna and prioritises their 

conservation but  may undervalue species that  are less well known or not charismatic. Third , 

mangrove  forests that provide an array of ecosystem services do not seem to hold the same value 

for communities as inland native  forests do, despite both  being protected under national and 

regional conservation frameworks.  And fourth, contradictory policies at a national and regional 

level mean that mangroves are simultaneously valued as indigenous vegetation, but also viewed 

as an obstruction to public access  in coastal areas.  
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Ultimately, these tensions prompted the overarching  question that has guided  the 

direction and development of this thesis:  

In the context of mangrove removal practices  in New Zealand, what is the importance of 

mangrove forests as habitats for the banded rail? 

1.3 Thesis aim and objectives 

The overarching aim  of this thesis is to improve the ecological  understanding of  the relationships 

between the banded rail ( Gallirallus philippensis assimilis ) and mangrove forests in New 

Zealand.  

In addressing this aim, I set the following research objectives:  

1. (i) Determine the extent of mangrove removal in New Zealand , and 

(ii)  its potential effects on banded rail populations  

2. Determine the relative quality of mangrove habitats to banded rail s in saltmarsh -

mangrove complexes  

3. Establish and implement a reliable method for monitoring banded rails in 

intertidal environments  

4. Quantify  banded rail habitat selection and habitat use in saltmarsh -mangrove 

complexes 

 

These objectives are investigated in Chapters 3 to 6, respectively, and have been designed 

to create intersectional insights into banded rail ecology and conservation.  

1.4 Thesis structure  

This thesis is organised into seven chapters, comprising four research cha pters (Chapters 3 – 6) 

that are written in a publication format and are in preparation for imminent journal submission. 

This format has resulted in some unavoidable repetition, particularly in context setting and 

study site descriptions. Nevertheless, I ha ve kept duplication to a minimum wherever possible.  

In Chapter 1, this chapter, I provide a brief overview of mangroves and banded rails in New 

Zealand, highlighting the importance of understanding the ecological relationships between 

habitat and bird. In  addition, I introduce the theoretical framework adopted by this thesis; a triad 

that visualises the relationships between wildlife, habitat, and people (Figure 1.1) and I expand 

on the ecological theory and social context underpinning these relationships. In Chapter 2, I 
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establish the research context by providing a review of literature relating to mangroves and their 

avifauna, both globally  and in New Zealand.  

In Chapter 3 , I investigate mangrove management practices in New Zealand , with a view 

to contextualising the ecological relationships between banded rails and mangroves. 

Additionally, I collate  existing monitoring data to assess the known effects of mangrove removal 

on avifauna  in general and banded rails in particular.  

In Chapter 4, I assess the relative habitat quality of mangrove habitats within saltmarsh-

mangrove complexes . In this chapter, I use the distribution and abundance of food resources 

(macrofauna) as an indicator of habitat quality and  assess the composition and diversity of 

macrofauna communities among habitats used by banded rails.  

In Chapter 5, I present and implement a novel method of surveying ground -dwelling 

avifauna, namely the use of camera traps i n combination with drift fences. Using data derived 

from this survey  approach, I assess the inter-habitat movement patterns of banded rails in 

relation to environmental cues.  

In Chapter 6, I quantify the habitat selection and use patterns of banded rails in saltmarsh -

mangrove complexes. In addition, I discern  banded home ranges using data from GPS 

biotelem etry. 

In the final chapter, Chapter 7, I present the key findings of all research chapters, highlight 

their contributions to scientific knowledge and their implications for conservation, and I make 

recommendations for areas of future research  both within each research component and for the  

interlinked research as a whole.  
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This chapter reviews literature relevant to this thesis’ overarching research question and 

theoretical  framework (Chapter 1) . Thus, this chapter (1) provide s an overview of the state of 

mangrove forests, both globally and in New Zealand, (2) review s mangrove management 

practices in New Zealand, (3) summarise s scientific literature on mangrove avifauna, both 

globally and in New Zealand, and (4) introduce s the model species of this thesis, the banded rail 

Gallirallus philippensis assimilis . Additionally, I show how knowledge gaps within the literature 

relate to the structure of this thesis.  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2 cover image: an artistic impression of the aerial roots of the  red mangrove Rhizophora 

mangle which is distributed in tropical and subtropical areas in both hemispheres, extending to 

near 28° N to S latitude.  Artwork by Rick de Satgé. 
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2.1 Mangroves 

In this section (2. 1), I address objectives 1 and 2 of this review by providi ng a definition of 

mangroves, exploring the diversity, distribution, and decline of mangroves globally, and 

describing the state of New Zealand’s mangroves and concomitant management practices in the 

country.  

2.1.1 Mangrove definition  

Mangroves are distinctive plant communities that occupy the intertidal zones of low -energy 

coastal and estuarine environments (Morrisey et al. 2007). The term ‘mangrove’ has been used 

to refer to the constituent plants of these (sub-) tropical intertidal forest communities or to the 

community itself (Tomlinson 2016) . The constituent plants are further classified into ‘true 

mangroves’ and ‘mangrove associates’ (Tomlinson 2016) . True mangroves show unique 

adaptations to intertidal environments (e.g. physiological salt exclusion or aerial roots), and, 

unlike mangrove associates, only occur in mangrove ecosystems and do not extend into 

terrestrial communities (Spalding et al. 2010; Tomlinson 2016). Hence, true mangroves are 

defined by their shared traits that allow them to live successfully , and largely exclusively , in 

stressful intertidal environments (Morrisey et al. 2010).  

For clarity, this  literature review  will use the term ‘mangrove’ to refer to true mangrove 

plant species – halophytic (salt- tolerant) trees and shrubs, typically woody and taller than half a 

meter, which grow above mean sea level in the intertidal zone of coastal or estuarine 

environments (Duke 1991, 1992). To avoid confusion, mangroves and their associated microbes, 

fungi, plants, and animals will be referred to as the ‘mangrove community’ or ‘mangal’ (Macnae 

1968; Kathiresan & Bingham 2001), while the ‘mangrove ecosystem’ refers to the mangal and its 

associated abiotic factors (Kathiresan & Bingham 2001). 

2.1.2 Mangroves globally:  diversity, distribution,  and decline  

Globally, there are approximately 70 species of true mangroves within 19 families (Morrisey et 

al. 2010), found between ±32°N and  ±38°S (Quisthoudt et al. 2012) in more than 118 countries 

and territories (Spalding et al. 2010; Giri et al. 2011). As observed in other taxa, mangrove species 

richness is highest at the equator and decreases with increasing latitude (Ellison 2002) .  

Mangroves are not distributed evenly across the globe, with south -east Asia (33.8%) and Africa 

(20.9%) accounting for over half of the global mangrove forest extent (Thomas et al. 2017). The 

latitudinal distribution of mangroves is primarily driven by temperature, and moderated at local 
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scales by aridity and disturbance (Morrisey et al. 2010; Quisthoudt et al. 2012; Tomlinson 2016). 

Mangroves are largely restricted to climates where mean air temperatures of the coldest months 

are above 20°C (Morrisey et al. 2010). Thus, mangroves predominantly occur in the tropics, 

although outlier mangrove communities –  referred to as ‘temperate mangroves’ –  do occur at 

higher latitudes (Morrisey et al. 2010). The poleward extent of mangroves is limited by ground 

frost and generally coincid es with the winter position of the 20°C seawater isotherm (Duke et al. 

1998; Horstman et al. 2018). Examples of temperate mangrove forests  include mangroves in New 

Zealand (see section Mangroves in New Zealand ), South Africa, southern Florida, southern 

Australia, and southern Japan (Morrisey et al. 2010). 

Worldwide, mangroves forests  are restricted to narrow strips along coastlines, covering  an 

estimated total area of 137,000–152,000 square kilometres (Spalding et al. 2010; Giri et al. 2011). 

For reference, this represents less than 0.4% of the global total forest area, and less than 1% of 

the total area of tropical forests (Spalding et al. 2010; FAO 2015). Hence, despite the wide 

latitudinal range of mangrove forests, their limited total area makes them a relatively rare forest 

type (Spalding et al. 2010; Quisthoudt et al. 2012). This rarity has been emphasised by historical 

and ongoing losses of mangrove forest. An estimated 20–35% of mangrove forest area was lost 

between 1980 and 2005 (Agardy & Alder 2005; FAO 2007), translating to an average annual rate 

of mangrove loss of 0.8–2% over this period  (Valiela et al. 2001; FAO 2007; Spalding et al. 2010). 

This rate of loss was greater than or equal to declines in adjacent coral reefs or tropical rainforests 

over the same period (Duke et al. 2007). More recent estimates of mangrove loss suggest that the 

rate of mangrove loss is declining (Spalding et al. 2010; Hamilton & Casey 2016; Richards & Friess 

2016; Goldberg et al. 2020). Between 2000 and 2005, mangroves were lost at a rate of 0.66% per 

annum  – a notable reduction but nevertheless three to four times higher than estimates of the  

rate of global forest loss over the same period (FAO 2007; Spalding et al. 2010). The most recent 

estimate of mangrove loss, measured between 2000 and 2016, indicates mangroves were lost at 

an annual average rate of 0.13%, corresponding to 3,363 square-kilometres or approximately two 

percent of the global mangrove area (Goldberg et al. 2020).  

Importantly, the proporti on of mangrove loss varies substantially  by global region . For 

example, south -east Asia lost almost 27%(16,900 km2) of its mangrove forest area between 1980 

and 2005, while Australasia lost just 0.6% (90 km2) over the same time period (Spaldin g et al. 

2010). South-east Asia has remained the epicentre of mangrove losses in more recent estimates; 

the vast majority (nearly 80%) of mangroves lost globally to anthropogenic causes between 2000 
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and 2016 occurred in six nations: Indonesia, Myanmar , the Philippines, Thailand,  Malaysia and 

Vietnam (Goldberg et al. 2020). 

Global m angrove declines have been driven by multiple factors, including clearance for 

aquaculture and urbanisation, overexploitation, erosion, coastal infill , and deterioration as an 

indirect effect of pollution and upstream land use (Duke et al. 2007; UNEP et al. 2014). A recent 

assessment by Thomas et al. (2017) of changes in mangrove extent between 1996 and 2010 found 

the most frequent cause of mangrove decline to be the conv ersion of mangrove forests to 

aquaculture  or agriculture, followed by logging. Natural processes of erosion and sediment 

deposition can exacerbate mangrove decline by prompting mangrove retreat, but can 

conversely also allow for regrowth and colonisation (T homas et al. 2017; Goldberg et al. 2020). 

Erosion can cause mangrove decline by remov ing substrate that mangroves grow on or can 

result in mangrove growth by yielding sediment for new deposition in sheltered coastal 

environments.  Indeed, several areas of temperate mangrove forests have seen localised 

expansions in recent decades (Morrisey et al. 2010), most notably in New Zealand (Horstman et 

al. 2018). However, mangrove regrowth and expansion has not compensate d for ongoing 

mangrove losses at a global scale (Thomas et al. 2017), as evidenced by net mangrove losses in 

global mangrove extent (FAO 2007; Spalding et al. 2010; Goldberg et al. 2020).  

The declining rate of annual mangrove los ses has been the result of international action to 

conserve mangrove fore sts and a lack of remaining mangroves viable for conversion to coastal 

agriculture (Goldberg et al. 2020). In response to historical and ongoing mangrove losses , 

mangrove  management strategies in many countries have been  defined  by restoration and 

rehabilitation efforts  (Spalding et al. 2014; UNEP et al. 2014), with numerous international and 

national targets seeking to reforest significant areas of mangroves  (Lovelock et al. 2022). 

Mangrove conservation efforts are considered particularly important given the ecosystem 

services these habitats provide, with their role in protecting coastlines from extreme climate 

events deemed an urgent global need (Lovelock et al. 2022). 

2.1.3 Ecosystem services 

The global loss of mangrove forests is of concern because they provide an array of ecosystem 

services, including carbon sequestration, water purification, coastal protection, erosion control 

and sediment trapping, nutrient cycling, heavy metal absorption, and the provision of fuelwood, 

timb er and fisheries resources (Kitchen et al. 1999; Agardy & Alder 2005; Barbier et al. 2011; 

Mukherjee et al. 2014; Yessoufou & Stoffberg 2016; Bulmer et al. 2017; Selig et al. 2018). 
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Additionally, mangroves forests provide energy, organic matter (debris), and a div ersity of 

microhabitats – from canopy through to substratum –  which support both aquatic (marine and 

freshwater) and terrestrial fauna (Nagelkerken et al. 2008; Lundquist et al. 2017).  Epibionts (e.g. 

tunicates, sponges, algae, and bivalves) anchor themselves to mangrove roots, macrofauna 

(infauna and epifauna) species live in the soft substratum within mangrove forests, motile fauna 

such as fishes, prawns and crabs find food and shelter between mangrove roots, while insects, 

mammals, reptiles and birds (see section Mangrove avifauna ) also make use of mangrove forests 

(Agardy & Alder 2005; Nagelkerken et al. 2008). Species present in mangrove communities range 

from being wholly dependen t on mangroves to opportunist visitors from neighbouring habitats 

(Macintosh & Ashton 2002) .  

2.2 Mangroves in New Zealand: a case study 

2.2.1 Diversity and distribution  

The mangrove genus Avicennia  has the largest latitudinal range of all mangroves, from 32°N in 

Bermuda to 38°S in Australia and New Zealand (Horstman et al. 2018). Avicennia  in New 

Zealand, also known as m�¢nawa, represents one of the southern- most mangrove forests in the 

world, and is likely the relict population of a greater poleward mangrove distribution during a 

warmer period in the past (Duke et al. 1998; Morrisey et al. 2007; Horstman et al. 2018). New 

Zealand’s mangrove forests comprise a single species: Avicennia marina  var. australasica, 

previously known as Avicennia  marina var. resinifera i (Horstman et al. 2018). Mangrove  

presence in New Zealand has been dated back to 19 million years BP (Sutherland 2003) and 

pollen records indicate that Avicennia marina  has been present from around 14,000 years BP 

(Pocknall et al. 1989). Avicennia marina  var. australasica is also found in south -eastern Australia, 

New Caledonia and Lord Howe Island (Duke 1991) . 

New Zealand’s mangrove forests cover approximately 26,000 ha (Spalding et al. 2010) and 

are restricted to the northern coastlines of the North Island ( Figure 2.1). Mangroves start as low 

forest in the far north of New Zealand (34°27’S in) and gradually becom e low scrub towards their 

southern limit at Kawhia Harbour on the west coast (38°05’S) and Ohiwa Harbour on the east 

coast (38°03’S) (de Lange & de Lange 1994; Morrisey et al. 2007; Tomlinson 2016). Expansion of 

m�¢nawa southwards is limited by several factors: low winter temperatures and frosts that  

depress physiological functioning (Morrisey et al. 2007; Lundquist et al. 2014b); dispersal 

barriers (unsuitable coastline); and unfavourable ocean currents that prevent establishment in 
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suitable microclimates further south  in New Zealand  (de Lange & de Lange 1994; Morrisey et al. 

2007).  

2.2.2 Changes in mangrove extent  

In line with global trends, loss of mangrove habitat occurred in New Zealand prior to the 1960s, 

driven by coastal development, grazing, pollution and land reclamation for ports and agricul ture 

(Morrisey et al. 2007, 2010; Stokes et al. 2016). The extent of this loss has not been quantified as 

it largely occurred before aerial photographic surveys began in the 1930s (Morrisey et al. 2010). 

However, mangrove losses were substantially reduced  with the implementation of New 

Zealand’s Harbours Amendment Act in 1977, which made it illegal to reclaim seabed for 

agricultural purposes (Morrisey et al. 2010). In addition, mangroves were granted protected 

status under the 1994 New Zealand Coastal Policy (Harty 2009), meaning mangrove clearance 

could only be approved by local regulatory bodies (regional councils) through a formal resource 

consent process (Stokes et al. 2016).   

While early European settlement saw large- scale loss of mangroves (Morrisey et al. 2007; 

Horstman et al. 2018), subsequent anthropogenic changes to the New Zealand landscapes  have 

facilitated a rapid expansion of mangrove forests (Lundquist et al. 2014b). Large-scale 

deforestation of river catchments, conversion of forest to pasture, and rapid urban development 

over the last 50 years have accelerated sedimentation in estuarine environments in New Zealand 

(Swales et al. 2009). The concomitant increase in fine terrigenous sediments has caused estuary 

infilling and built extensive tidal flats, which , coupled with increased nutrient inputs, warming 

climate , and structural modifications to estuarine environments (Schwarz 2003; Nicholls et al. 

2004; Lovelock et al. 2007; Morrisey et al. 2007, 2010) have created additional suitable habitat for 

mangroves (Swales et al. 2009; Lundquist et al. 2014b; Horstman et al. 2018). Subsequently, 

mangroves have colonised seawards across bare mudflats (Lundquist et al. 2014b; Swales et al. 

2015). In addition, ther e is evidence of limited landward encroa chment by mangroves  in New 

Zealand (Suyadi et al. 2019), although this is not thought to contribute significantly to overall 

mangrove spread (Saintilan et al. 2014; Suyadi et al. 2019). Aerial photography records indicate 

that mangroves have expanded their range in New Zealand at an average rate of 4% per year 

since the early 1940s (Morrisey et al. 2010; McBride et al. 2016).  

The future expansion of New Zealand’s mangrove forests will likely  be determined by the 

pace of sea-level rise relative to rates of sedimentation (Swales et al. 2009; McBride et al. 2016). 

Recent modelling of mangrove expansion in the Firth of Thames  (in Waikato, New Zealand)  
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suggests that current or increased levels of sedimentation will see an increase in mangrove 

distribution in the region, irrespective of sea -level rise scenarios (0.3–1m rise). However, if 

sedimentation does not keep pace with sea -level rise, mangrove stands may be displaced from 

intertidal flats but retained in the tidal creeks with higher elevation (Swales et al. 2009; McBride 

et al. 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 2.1 Mangrove distribution in New Zealand , as per Horstman et al. (2018). Mangrove distribution 
data from Spalding et al. (2010). The names of several harbours provided for reference.  
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2.2.3 Repercussions of expanding mangroves 

The expansion of man grove forests in New Zealand has wide-ranging repercussions for coastal 

areas, including changes to ecosystem services, habitat  composition , and the perceived amenity 

value of estuarine environments (Horstman et al. 2018).  

An increase in mangrove area will likely increase the ecosystem services in New Zealand 

associated with these habitats, including carbon storage (Gladstone-Gallagher et al. 2014; 

Bulmer et al. 2016a, b, 2020; Perez et al. 2017), water filtration (Barbier et al. 2011; UNEP et al. 

2014), heavy metal trapping (Bastakoti et al. 2018), nutrient input and redistribution (Spalding 

et al. 2010; Horstman et al. 2018) as well as coastal protection and erosion control (Harty 2009; 

Lundquist et al. 2017).  

However, mangrove expansion comes at the expense of alternate habitats (Morrisey et al. 

2007), which in turn increases the homogeneity of estuarine environments and reduces 

ecosystem resilience (Thrush et al. 2004). As mangroves expand their reach down shore, they can 

replace adjacent habitats such as intertidal flats or seagrass beds (Turner & Schwarz 2006; Battley 

et al. 2007; Lundquist et al. 2017). However, it is likely that adjacent habitats are already adversely 

affected by high rates sediment deposition in those es tuaries and harbours where mangroves are 

spreading rapidly (Ellis et al. 2004; Morrisey et al. 2007). While mangroves readily spread 

seawards, little documented evidence exists of sub stantial landward incursions by mangroves in 

New Zealand (Morrisey et al. 2007). Despite substantial losses of coastal saltmarsh in Australia 

due to landward mangrove expansion (Saintilan & Williams 2000; Wilton 2002; Saintilan et al. 

2009; Saintilan & Rogers 2013),  New Zealand landward mangrove incursions are usually limited 

to areas of sparse saltmarsh or where channels facilitate the dispersal and establishment of 

mangrove propagules (Park 2004). Neither saltmarsh nor wetland  habitats  adjacent to mangrove  

forests in New Zealand appear to have suffered substantial losses due to landward mangrove 

expansion (Saintilan et al. 2014), although this  finding  may be an artefact of limited study 

(Morrisey et al. 2007).  

Changes in estuarine habitat composition inevitably have knock -on effects for associated 

fauna. The expansion of mangrove forests in New Zealand has resulted  in additional  habitat for 

numerous invertebrate and vertebrate species that use mangroves, including distinct groups of 

macrofauna (Ellis et al. 2004; Alfaro 2006; Morrisey et al. 2007), eels and juvenile fish (Morrisey 

et al. 2007; Swales et al. 2009; Lundquist et al. 2017), and up to 48 species of bird (Crisp et al. 1990; 

Bell & Blayney 2017b). However, the shift f rom open coastal habitats to mangrove forests may 
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deprive wading birds of feeding and roosting areas  (Veitch & Habraken 1999; Melville & Battley 

2006; Battley et al. 2007; Morrisey et al. 2007), and potentially  reduce the diversity and 

abundance of benthic macrofauna (Alfaro 2006; Morrisey et al. 2007). While a loss of habitat 

diversity likely causes an overall loss of biological diversity, it is important to note that this may 

be caused by the factors that lead to mangrove spread (Ellis et al. 2004) – such as increased 

sediment deposition or nutrien t inputs (Ellis et al. 2004; Horstman et al. 2018) –  rather than by 

mangrove plants themselves.  

2.2.4 Mangrove management in New Zealand  

Increased rates of sedimentation in estuaries and the concomitant rapid expansion of 

mangroves have raised concerns about the loss of habitat diversity and associated decline of 

ecosystem functioning in New Zealand estuaries (Thrush et al. 2004; Harty 2009) as well as 

declines in  recreational  and amenity values (Harty 2009; Lundquist et al. 2014b; Horstman et al. 

2018). As a result, mangrove removal has been a common  management  response to mangrove 

expansion (Lundquist et al. 2014b). Typically, the primary management objective of removal 

operations is t o restrict mangrove forests to a desired reference state or dateline (Stokes et al. 

2016) and to restore open sandflat  habitats by either partially or entirely removing mangrove 

forests (Lundquist et al. 2014b; Horstman et al. 2018).  

Removing mangroves requires consent from those regional councils under whose 

jurisdiction mangroves are found in northern New Zealand, although illegal removal is not 

uncommon (Morrisey et al. 2007; Horstman et al. 2018). The total area of removed mangroves in 

New Zealand has not been measured; information on legal removals is siloed  among regional 

authorities, while illegal removal has  not  been officially tracked. To provide an indication of 

mangrove removal extent, Lundquist et al. (2014a) listed 40 mangrove removal sites in the 

Auckland region which totalled some 117 hectares. Similarly, large removal operations have 

cleared at least 113 hectares and 24 hectares of mangroves in Tauranga and Whangamata 

harbours respectively (Lundquist et al. 2014b). 

While the aim of mangrove removal operations is  to restore sandflats that may have been 

historically present (Harty 2009; Horstman et al. 2018), there is little scientific evidence t o suggest 

that muddy substrate will consistently return to sandflat habitat following mangrove clearance 

(Stokes 2009; Stokes et al. 2010; Lundquist et al. 2012, 2014b). This process relies on natural, site-

specific factors that remove fine silt (e.g. high wind/wave exposure) but do not deposit further 

sediment (Lundquist et al. 2014b). Successful restoration via mangrove removal  is typically seen 



Chapter 2: Literature review  34  

 

in sites already dominated by sandy substrate, although sandier removal sites represent only a 

very small proportion of all removal sites (Lundquist et al. 2014b; Horstman et al. 2018).  

Removal sites that do not return to a desired sandy state may develop unwanted 

phenomena such as macroalgal blooms, anoxic sediments, lower levels of oxygen in the water 

column, and macrofauna communities dominated by opportunist species (Lundquist et al. 

2014b; Bulmer & Lundquist 2016) . With respect to avifauna, further scientific study is required 

to assess how mangrove removal affects bird species that make use of mangrove habitat for 

breeding, foraging and roosting (Horstman et al. 2018). Particular research attention is required 

for those species considered to be closely associated with mangrove forest s, such as the banded 

rail Gallirallus philippensis assimilis (Bell & Blayney 2017a, see section Mangrove avifauna ). 

Ultimately, the expansion of New Zealand’s mangrove forests in recent decades has 

resulted in a polarity of public attitudes towards mangrove habitats (Morrisey et al. 2007; 

Dencer-Brown et al. 2018) and increasing numbers of consent applications to facilitate the 

removal of mangroves (Lundquist et al. 2014b). In concluding their review on managing 

mangrove expansion in New Zealan d Lundquist et al. (2014b) stated: 

“The relationship between people and mangroves in New Zealand is complex and 

driven by emotional responses to historical changes in estuarine habitats that are a 

symptom of catchment land -use practices. In managing mangrove expansion, a balance 

must be found between maintaining people’s values and maintaining any valuable 

ecosystem services that mangroves provide. This requires careful and informed 

management of mangroves to ensure that firstly what people desire from mangrove 

removal is achieved and secondly that mangrove areas of ecological and functional 

importance are also maintained. In the absence of adequate information we run the risk 

of ad-hoc, unsuccessful removals doing more harm than good, and threatening 

ecosystem services and biodiversity in New Zealand estuaries.”  
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2.3 Mangrove avifauna  

In this section (2.4), I address the third object ive of this review  by summarising the scientific 

literature on mangrove avifauna, both globally and in New Zealand.  

2.3.1 Global patterns  

Globally, m angrove fauna have been poorly studied relative to mangrove flora (Macintosh & 

Ashton 2002; Nagelkerken et al. 2008). Reviews of mangrove faunal diversity (e.g. Macintosh & 

Ashton 2002; Nagelkerken et al. 2008; Luther & Greenberg 2009) are reliant on patchy data, 

primarily because several mangrove regions –  such as the west coast of the Americas and  the 

west and east coasts of Africa – remain  severely understudied (Ma cintosh & Ashton 2002). In 

addition , mangrove environments  in other areas may be excluded from ecological studies due 

to difficult or dangerous working conditions (Kutt 2007) .  

Luther & Greenberg (2009) undertook a systematic review of literature on terrestrial 

vertebrates in mangroves around the globe,  searching for terrestrial species, subspecies and 

distinct populations that  are primarily found and reproduce in mangrove ecosystems. These 

authors found 853 terrestrial vertebrates in total, including 790 birds, 40 mammals, 20 reptiles, 

and 3 amphibians. Of these, just eight  percent (n=69: 39 species, 16 subspecies, and 14 distinct 

populations) were classified as ‘mangrove endemics’, whereby their life histories are “tied to and 

dependent on mangrove habitat” (Luther & Gre enberg 2009, p. 604). Of the mangrove endemic  

group, 70 percent were birds (n=48; 22 species, 12 subspecies, and 14 distinct populations) 

including 5 different species of rail. More recently, Huang et al. (2019) reached a similar tally, 

find ing 32 species or sub-species of birds considered endemic to mangrove ecosystems.  

The majority of mangrove- endemic bird species are found in north -western Australia and 

south -east Asia, corresponding with the largest and most taxonomically diverse areas of 

mangrove on the planet (Noske 1996; Tomlinson 2016). The floristically less diverse mangals of 

Africa and South America each have just one bird species considered endemic to this habitat 

(Haverschmidt 1965; Noske 1996), although this may be an artefact of limited study (Macintosh 

& Ashton 2002). While global -scale patterns indicate a positive relationship between the richness 

of mangroves and the richness mangrove-endemic avifauna  (Noske 1996), this relationship 

becomes less clear at a regional scale (Mohd-Azlan et al. 2012). For example, the floristically rich 

mangroves of north -eastern Australia have fewer avian endemics than the less diverse 

mangroves of north -western Australia (Noske 1996; Nagelkerken et al. 2008), yet in Western 
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Australia species richness of avian mangrove specialists declines with decreasing species 

richness and structural complexity of mangrove plants (Mohd -Azlan et al. 2012).  

Most bird species found in mangroves are also found in other habitats (Nagelkerken et al. 

2008), and mangroves support fewer bird species that are obligate habitat specialists  – i.e., 

species that are restricted to a particular habitat type –   relative to other forest types (Buelow & 

Sheaves 2015; Buelow et al. 2018). This apparent lack of mangrove specialists may be a result of 

the structural and floristic simplicity of mangrove ecosystems, relative to more complex 

ecosystems such as rainforests (Mohd -Azlan et al. 2014). However, a lack of mangrove endemics 

does not preclude the value of mangroves to avifauna, primarily as mangroves  support species 

that do not use mangrove resources exclusively (Kutt 2007). For example, of some 200 bird 

species observed in Australian mangroves, 14 passerines are confined to mangroves (i.e. 

mangrove endemics), while a further 71 species use mangroves frequently or seasonally (Noske 

1996). This latter group represents birds that  use mangrove habitat to forage – food types include 

juvenile fish, insects, and infauna su ch as bivalves, crustaceans and worms – but also for 

breeding, roosting and as refuge habitat during migration, winter seasons, drought, or due to 

coastal development (Hutchings & Recher 1982; Schodde et al. 1982; Hutching s & Saenger 1987; 

Kutt 2007). Thus mangrove environments play an important supporting role for the wider avian 

community (Macintosh & Ashton 2002) .  

Importantly, the global loss of mangrove forests has ramifications for the continued 

existence of bird  populations  reliant on these habitats (Spalding et al. 2010). Huang et al. (2019) 

quantified the effects of mangrove loss on mangrove- endemic bird  populations  globally : of 99 

separate metapopulations  restricted to mangroves , 94 inhabited areas where mangrove cover 

declined  from 2000–2015. Of these 94 populations , 85 saw a decrease in metapopulation 

capacity, a trend driven primarily by the loss and fragmentation of large patches of mangrove 

habitat.  

2.3.2 Mangrove avifauna in New Zealand  

In this section, I s ummarise available literature on the relationships between  birds and 

mangroves in New Zealand . Importantly, this drawing conclusions from this summary is difficult 

and should be approached cautiously , given the minimal  academic study  that has addressed 

mangrove-avifauna relationships  (Macintosh & Ashton 2002; Morrisey et al. 2007; Bell & Blayney 

2017b). For example, a recent review of mangrove biodiversity in New Zealand  by Dencer-Brown 

et al. (2018) cites just four sources (of which just two are peer-reviewed) pertaining to avian 
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diversity in New Zealand’s mangroves. Similarly, a nother  recent report on mangrove avifauna in 

New Zealand heeds caution when interpreting its findings, stating that the review “heavily relies 

on individual statements of evidence, and anecdotal one- off observations” (Bell & Blayney 

2017b, p. 4). A Master of Science thesis by Cox (1977) – deemed the “most comprehensive 

assessment” of birds inhabiting mangroves to date (Dencer -Brown et al. 2018, p. 8) – remains a 

key reference for multiple sources on NZ mangrove avifauna (e.g. , Crisp et al. 1990; Morrisey et 

al. 2007; Win et al. 2015; Bell & Blayney 2017b; Dencer-Brown et al. 2018). An absence of scientific 

literature indicates  a lack of progression in this field of study . In the 42 years since Cox’s (1977) 

study, few academic articles with direct links to mangrove avifauna have been published. While 

a valuable resource, Cox's research was largely restricted to study of a single harbour over two 

years (1976-1977) and is therefore to unlikely to comprehensively describe mangrove-avifauna 

associations. 

Cox (1977) recorded 23 bird species in New Zealand’s mangroves, the majority of which 

were observed during seasonal surveys in Kaipara Harbour. Of these 23 species, 6 species were 

observed to breed in mangroves, while a further 8 species used mangroves for roosting, foraging 

or both.  Crisp et al. (1990) list 48 bird species classified as utilising estuarine habitat, including 

mangroves. Many of  these records appear to be sourced from a combination of Cox’s (1977) 

study and government wildlife surveys, although specific reference material  is not provided.  

Neither Cox (1977) nor Crisp  et al. (1990) describe any bird species as entirely restricted to 

mangroves (i.e., mangrove endemics) in New Zealand.  

An apparent lack of mangrove endemics in New Zealand is unsurprising. New Zealand’s 

mangal is structurally and floristically simple –  mangrove forests in New Zealand comprise just 

one species (Avicennia marina  var. australasica) – a pattern  that likely explains the relatively low 

species richness of mangrove avifauna (Mohd -Azlan et al. 2012). In addition, mangrove 

endemism in birds appears to be a relatively rare phenomenon (Luther & Greenberg 2009) ; even 

the highest levels of such endemism (15% in parts of Australia; Nagelkerken et al. 2008) are 

substantially lower than proportions of terrestrial forest -dependent birds (e.g. , 61% in 

Madagascar; Watson et al. 2004; Buelow & Sheaves 2015). Moreover, New Zealand has far fewer 

mangrove-using bird species (ca. 48) than high- endemism areas like Australia ( ca. 200) (Crisp et 

al. 1990; Noske 1996; Kutt 2007). 

Given the apparent absence of mangrove endemic bird species in New Zealand, several 

authors argue that mangroves represent marginal habitats for all bird species, native or 
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introduced (Cox 1977; Crisp et al. 1990; Morrisey et al. 2007). No species of bird is deemed 

dependent on New Zealand’s mangrove ecosystems (Morrisey et al. 2007), with the possible 

exception of the banded rail Gallirallus philippensis assimilis  (Bell & Blayney 2017a). However, 

mangroves undoubtedly support a variety of bird species who use mangrove forests for food, 

shelter, nesting areas and roosting sites (Cox 1977; Crisp et al. 1990). This includes ‘threatened’ 

species (Bell & Blayney 2017b; Robertson et al. 2017) such as the ‘nationally critical’ New Zealand 

fairy tern Sternula nereis davisae (Ismar et al. 2014), the ‘nationally endangered’ Australasian 

bittern Botaurus poiciloptilus   (Miller & Miller 1991) , the ‘nationally vulnerable’ lesser knot 

Calidris canutus rogersi  and caspian tern Hydroprogne caspia , as well as five further species 

deemed ‘at risk’ of extinction ( New Zealand Threat Classification System, Robertson et al. 2021). 

The banded rail represents one of these ‘at risk’ bird species, and is frequently referred to in New 

Zealand literature on mangroves given it commonly occurs in these habitats (Bellingham 2013; 

Beauchamp 2015, 2022). As the focal species of this PhD, it is discussed in further detail below  to 

meet this  literature  review’s fourth and final objective.  

2.3.3 Study species - the banded rail  

The banded rail Gallirallus philippensis 1, also known as the buff-banded rail,  is a medium -sized, 

intricately patterned member of the Rallidae  family  (Figure 2.2; Figure S2.1 – Supplementary 

Material). The species is widely distributed across south -east Asia, Australasia, and the 

southwest Pacific  (Figure 2.3) and is thought to compr ise ~20 subspecies (Taylor & van Perlo 

1998; Garcia-Ramirez et al. 2017). The New Zealand subspecies, moho-perer�ó Gallirallus 

philippensis assimilis,  was once widely distributed across both the North and South Island 

(Elliott  1983), but underwent substantial range contraction in the early 1900’s  following 

extensive habitat loss and the introduc tion of  mammalian predators (Heather & Robertson 

2005). Recent estimates suggest that 80-90% of the New Zealand banded rail  population  – 

thought to be a total of  5,000–20,000 individuals  (Robertson et al. 2021) – is restricted to 

saltmarsh-mangrove complexes  in the North Island estuaries of Northland, Auckland, Waikato 

and Bay of Plenty, whi le further sub -populations inhabit offshore islands and the  saltmarshes in 

Nelson and Marlborough on  the South Island (Figure 2.4) (Bellingham 2013) . Estimates of the 

banded rail’s distribution (Bellingham 2013)  are largely based on survey data collected from 

 
1 There has been some taxonomic instability in the genus name for banded rails, with Hypotaenidia  now 

mostly used rather than Gallirallus . However, this thesis retains  Gallirallus  to reflect New Zealand databases like 
eBird and New Zealand Birds Online, as well as recent New Zealand literature, and  The Clements Checklist of 
Birds of the World . 
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1999-2004 for the New Zealand Bird Atlas. Notably, recent occupancy modelling of all of NZ's 

land birds excludes banded rails given the low number of observations for this species  (Walker 

& Monks 2018). 

Banded rails are a cryptic species and therefore difficult to study . Much scholarly 

understanding of the life history of G. p. assimilis is informed by qualitative studies of other 

banded rail subspecies across Oceania (Dunlop 1970, 1975; Clark 1994; Wiley & Goldizen 2003; 

Manson 2004; Clark & Harris 2016) and complemented by research on  banded rail habitat use in 

New Zealand (Fagan 1954; Elliott 1987, 1989; Beauchamp 2015, 2022). In New Zealand, banded 

rail research is somewhat limited, compris ing government -commissi oned reports (Botha 2011; 

Bell & Blayney 2017a; Martin & Richardson 2018) and academic research based on footprint 

surveys (Elliott  1983, 1987; Botha 2011), call counts (Beauchamp 2015), nest examinations 

(Parker & Brunton 2004), and visual observations  (Beauchamp 2022). The limited data on 

banded rails in New Zealand, in combination with their restricted range, has determined their 

status of ‘At Risk – Declining’ (Robertson et al. 2021), whereby their population is predicted to 

undergo a decline of 10-30% in the next 10 years (Townsend et al. 2008; Robertson et al. 2017).  

With respect to habitat selection and use, banded rails show preference for dense clumps 

of sedges, rushes or long grass for breeding and roosting (Marchant & Higgins 1993; Botha 2011). 

On the New Zealand mainland this breeding habitat largely corresponds with the upper reaches 

of saltmarsh habitats ( Elliott  1983). Breeding pairs are thought to remain on their territories all 

year, with females laying (multiple) cl utches of 3–8 eggs from September to December 

(Marchant & Higgins 1993; Heather & Robertson 2005) . Incubation lasts between 19 –25 days 

(Marchant & Higgins 1993) . Chicks are led from the nest within 24 hours of hatching, staying 

with both parents for ~60 days to fledging (Heather & Robertson 2005) . While moult regimes are 

poorly known, banded rails  are likely to have two moults per year (Bell & Blayney 2017a), one of 

which is a complete post -breeding adult moult that may render adult birds flightless for >30 days 

in  January–March (Elliott  1983; Marchant & Higgins 1993).  

The banded rail’s diet consists mostly of crustaceans, molluscs, worms and insects ( Elliott  

1983). Banded rails are typically diurnal and crepuscular foragers, and usually feed under cover, 

rarely venturing far from the edge of dense vegetation (Botha 2011; Beauchamp 2015) . Mangrove 

forests provide dense cover and are considered important foraging habitats for banded rail 

(Elliott  1983; Botha 2011; Beauchamp 2015; Bouma 2016), particularly in the North Island where 

banded rails are typically restricted to saltmarshes with adjacent mangro ves (Bellingham 2013; 
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Figure 2.2 The banded rail Gallirallus phil ippensis , as per the plate in  Marchant and Higgins (1993). 
Image numbers: 1 Adult, subspecies mellori  ;2 Adult, subspecies assimilis ;3 Downy young;4 Juvenile, 
subspecies mellori ; 5, 6 Adult subspecies mellori   

Beauchamp 2015). Mangrove forests exhibit a dense canopy but low structural complexity at 

ground level. These structural traits may provide banded rail s with cover from potential aerial 

predators, but allow for unimpeded foraging for benthic macrofauna (Marchant & Higgins 1993; 

Botha 2011; Bell & Blayney 2017a). The potential preference for this habitat structure is also 

observed in areas without mangroves (Bell & Blayney 2017a); in rush saltmarsh environments in 

the South Island, banded rail used rush Juncus kraussii  subsp. australiensis  more frequently tha n 

other rush species, a pattern potentially explained by Juncus’ superior aerial cover but clearer 

access at ground level (Elliott  1987).  
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