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Chapter 1 

Introduction 

1.1. General 

Waterbirds have always been of great interest to humans because of their large numbers, 

diversity, colours, conspicuous presence, and as a food source (Weller, 1994). When they 

occur in wetlands they can be indicators of environmental quality, and key components of 

trophic webs and biogeochemical processes (IPE, 2009). However, the ecology of 

Australian waterbirds is not sufficiently understood (Kingsford & Norman, 2002) despite 

a reasonable knowledge of Australian wetlands generally (Boulton & Brock, 1999). 

1.2. Management 

By 1993, 50 % of the world’s wetlands had been lost due to human activities such as 

agriculture, industry and urban expansion (Baldassarre & Bolen, 2006), and many other 

wetlands have been degraded or altered dramatically. These trends are continuing 

(Wetlands International, 2007). The loss and degradation of wetlands has been linked to 

the decline in waterbird populations (Ma et al., 2010), nearly half of which are decreasing 

globally while only one in six is increasing (Wetlands International, 2006). 

The loss of wetlands across Australia has contributed to declines in the populations of 

many waterbird species (Kingsford & Norman, 2002). In New South Wales (NSW), 60% 

of coastal wetlands had disappeared by 1970 (Goodrick, 1970), and in coastal northern 

NSW, most waterbird species have declined substantially due to draining and flood-

gating of wetlands (Briggs, 1977) and subsequent changes in food abundance, and 

foraging and nesting substrate. By the mid 1980s, 92% of the area of the Clarence River 

floodplain, on the north coast of NSW was degraded by drainage (Pressey 1987).  

This thesis examines wetlands of the Clarence River floodplain, and how floodplain 

management could improve habitat and help conserve the waterbirds they support. The 

thesis is based on field research from 2005 to 2007 and comprises studies of 

environmental history, ecology and ecosystem management. This thesis lies within the 

field of research associated with the flood-pulse concept in wetland restoration (Junk et 

al., 1989; Junk & Wantzen, 2004; Middleton, 2002) which aims to reinstate patterns of 
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water level fluctuations to wetlands consistent with ecosystem function. The concept 

recognises the interconnection of the river channel and floodplain for biological 

productivity, decomposition, consumption and succession. In this regard, wetland 

restoration requires not only a reinstatement of the flood pulse, but a reversal or 

modification of engineering, based on knowledge and understanding of the wetland biota. 

1.3. Restoration 

Ecological restoration is a vibrant and growing science and profession (SERI, 2010) 

which encompasses wetland restoration, and importantly, restoration of the flood-pulse to 

wetlands (Middleton, 2002). A general aim in wetland restoration is for self-sustaining 

wetlands (Weller, 2004), although this can be difficult where, for example, on the 

Clarence River floodplain, there are apparently conflicting and ongoing active 

management issues to consider, including those relating to acid sulphate soils, fish 

habitat, landholder’s commercial interests, and waterbird habitat issues. Notions of spatial 

and temporal integration (managing many sites and having multiple objectives) are well 

recognised in wetland and waterbird management (Erwin, 2002) and such notions are 

now needed to be applied to the Clarence River floodplain.  

1.4. Focus and Aims 

In this thesis there is a particular focus on how water is managed in wetlands, and how 

this affects waterbirds. With this focus, the thesis aims to: 

1. describe the waterbird habitats on the floodplain, past and present 

2. describe and explain the distribution and abundance of waterbirds on the 

floodplain 

3. explain how the hydrological manipulation (through floodgates) on the floodplain 

could influence waterbirds and their habitat, and 

4. describe how management can improve waterbird habitat and conserve species. 

1.5. Significance 

This thesis addresses a lack of information about waterbirds in the management of flood-

gated wetlands on the Clarence River floodplain. This has much direct relevance for other 
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coastal floodplains on the east coast of Australia, and has international relevance as 

managers deal with similar issues globally (Ma et al., 2010). The thesis also makes a 

contribution to the understanding of some waterbird species, particularly their responses 

to habitat change, for example, their salinity tolerances and preferred habitats at a 

landscape level. 

The Clarence River floodplain wetlands are important habitat for at least four species of 

waterbirds listed as threatened in NSW (TSC Act, 1995): Comb-crested Jacana Irediparra  

gallinacea; Black-necked stork Ephippiorhynchus  asiaticus; Brolga Grus  rubicunda 

and; Magpie Goose Anseranas  semipalmata. Also, migratory waders occur on the 

floodplain’s wetlands, and are  protected by international conventions and treaties 

(migratory bird agreements) between  Australia, China, Japan and the Republic of Korea 

(JAMBA, CAMBA, RoKAMBA) (EPBC Act, 1999). The thesis pays particular attention 

to these species of conservation significance. 

Conservation management in Australia is moving away from consideration of single 

species, where interrelationships with other species and their habitats are difficult to 

consider (Lynn Baker, NSW DECCW, pers. comm.). Instead, multiple species and 

general, regional biodiversity approaches are being developed. The NSW government is 

developing such strategies through regional Biodiversity Management Plans (DECCW, 

2009), recognising the lack of knowledge about many species, and proposing 

conservation strategies from a habitat perspective related to assemblages, communities 

and ecosystems. The thesis is aligned with this concept. 

The thesis contributes to an understanding of the management of flood-gated wetlands, 

the management of NSW north coast wetlands in general, and the relationships between 

abiotic and biotic components. Changes to the hydrology of these wetlands through 

manipulations with floodgates may have complex ramifications for waterbird species, 

including those of higher conservation significance, possibly favouring some species and 

disadvantaging others. The thesis contributes knowledge on the changes in the diversity, 

abundance and composition of waterbird communities following hydrological 

manipulation with floodgates, and knowledge needed to attain targets for wetland bird 

conservation. 
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The wetlands of the NSW north coast, on the floodplains of the Clarence and Richmond 

Rivers, were identified as being of national conservation significance being among 

Australia’s High Conservation Value Aquatic Ecosystems (Australian Government, 

2008). Furthermore, these wetlands are, at present, inadequately represented in the 

national reserve system as determined for the Interim Biogeographic Regions of Australia 

(DECC, 2008). 

In 2005, the NSW government purchased an area of land (450 ha, mostly wetlands) on 

the floodplain from a private landholder for a nature reserve, and this was subsequently 

named the Everlasting Swamp State Conservation Area. Acquisition of at least another 

1500 ha of adjacent, privately-owned land to enlarge the reserve, is now a high priority 

for the NSW government (pers. obs). An important objective of these acquisitions is 

provision of secure habitat for threatened and non-threatened waterbirds. This represents 

a paradigm shift in land management priorities on the floodplain, and the information 

contained within this thesis will be directly applicable to the management of this site and 

restoration of its wetlands. 

Climate change and consequent sea level rise and salt water intrusions will have major 

impacts on low-lying coastal areas in eastern Australia (and elsewhere in the world) in the 

21st century (Australian Government, 2009). The thesis provides additional knowledge 

about a suite of animals and an ecosystem of great public interest in these areas, but about 

which, little is known. There is considerable focus on changing water levels and salinity 

in this thesis, which is directly applicable to the study of the impacts of sea level rise, on 

the species studied, and coastal areas in general. 

The research undertaken in this thesis was conducted in close cooperation with the 

relevant local government authority, the Clarence Valley Council, and its staff in the 

Clarence Floodplain Project. The Project was listed in Australasia’s top 25 ecological 

restoration projects (SERI, 2009) and its success has been acknowledged by the receipt of 

national awards for excellence in environmental and natural resource management 

(Clarence Valley Council, 2009). 

The findings presented in this thesis are of immediate and ongoing interest to the agencies 

that have partnered this research: Clarence Valley Council; NSW Department of 

Environment Climate Change and Water (DECCW); and, the NSW Northern Rivers 
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Catchment Management Authority (NR CMA). These findings are expected to assist each 

in their continued efforts in coastal wetland restoration. 

1.6. Structure 

The thesis is structured as follows. 

Chapter 2 is a historical account of the floodplain and its waterbirds. It tells what is 

already known based on published and unpublished literature and recollections of local 

residents, assembling the collective knowledge into a simple story. Quite intentionally, it 

is from a human perspective. This chapter was accepted for publication in Australian 

Zoologist. 

Chapters 3, 4 and 5 are based on data collected on the floodplain from 2005 to 2007. 

Chapter 3 evaluates the spatial variation of the floodplain wetlands, and aims to show 

how waterbird presence and abundance varied between individual wetlands. Water depth 

and salinity were thought to be particularly important, and Chapter 4 evaluates water 

depth and Chapter 5 evaluates salinity.  

During the monitoring I observed that in wetlands with consistently deeper water, Black 

Swans Cygnus atratus would sometimes consume large amounts of aquatic grasses and 

rushes, changing the structure of the wetlands’ vegetation and its function. Chapter 6 

aims to examine this phenomenon at one wetland.  

Also during monitoring, and the frequent interaction with landholders, sugar cane farmers 

in particular would remark that the flood mitigation drains were “good” bird habitat. 

Chapter 7 aims to examine these claims. 

Chapter 8 synthesises the information of the previous six chapters, and on this basis 

provides a context for future management of the floodplain’s wetlands, particularly by the 

partner organisations that assisted and collaborated in this research. Chapter 9 provides 

general conclusions to the thesis. 
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A reformatted version of the following chapter was accepted for peer-reviewed 

publication as, 

 

Smith, A. N. (in press). Waterbirds and their habitat on the Clarence River floodplain: a 

history. Australian Zoologist (accepted 31 January 2009). 

 

Formatting in this chapter has been altered from the publication to conform with the 

styles adopted in this thesis pertaining to, for example, headings, font, citation and page 

layout.  

 

One technical correction has been made from that of the accepted paper. In Table 2.2 the 

Eastern Osprey Pandion cristatus is now included in the family ACCIPITRIDAE in 

accordance with current, standard nomenclature of Australian birds (Christidis and Boles, 

2008), whereas in the published paper it is listed in the family PANDIONIDAE. 
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Chapter 3 

Wetlands of the Clarence River floodplain: types, and use by 

waterbirds 

3.1. Introduction 

3.1.1 General 

Wetlands provide essential habitat for over 100 species of Australian birds (Kingsford, 

1998) and some of the country’s wetlands can support large numbers of waterbirds, 

sometimes numbering over one million (Kingsford & Norman, 2002). However, adequate 

information on waterbirds is often lacking when considering the management of 

Australian wetlands (Halse et al., 1993; 2005).  

In contrast to the northern hemisphere, where seasonal factors typically determine 

distribution and abundance, most Australian waterbird species respond to highly variable 

climatic and flooding patterns (Kingsford & Norman, 2002). While some species or 

individuals can be resident at suitable sites, many are nomadic. Therefore, a greater 

understanding is needed of how different sites provide habitat for single species and 

communities of waterbirds in Australia. More census data collected over longer time 

periods could assist this process. 

Coastal floodplain wetlands often comprise high quality waterbird habitat and the 

Clarence River floodplain in north-eastern NSW has, at least historically, supported a 

nationally-significant portion of these (Environment Australia, 2001) (also see Chapter 2). 

The wetlands of the floodplain were greatly impacted by agricultural development and 

drainage, and are now being restored to ameliorate the adverse effects of past 

management (see Chapter 2). Restoration work started in 1997 and aims to benefit 

waterbirds.  

The Clarence River floodplain is relatively small compared to, for example, the Murray-

Darling Basin of inland eastern Australia, and so it could be assumed that its separate 

wetlands have similar waterbird assemblages. However, local managers control two 

important variables in the floodplain’s wetlands, water depth and salinity. Because these 

can vary so much between wetlands, their waterbird assemblages may differ substantially. 
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The general aim of this chapter is to describe and compare the waterbird assemblages on 

an array of wetlands on the Clarence River floodplain and suggest why different wetlands 

have similar or different waterbird communities. In doing so, the specific aims are to: 

1. census the local waterbird species; 

2. monitor a range of wetlands to determine differences between them; 

3. compare waterbird abundance and numbers of species of waterbirds between 

types of wetlands; 

4. suggest which wetland attributes could be important for the presence and 

abundance of waterbirds, identifying further research possibilities; and 

5. identify the attributes of wetlands that might be managed to favour 

waterbirds. 

3.1.2 Wetlands and Waterbirds 

Wetlands are low-lying areas that will hold water and form a suitable basin for water-

tolerant plants (Weller, 1994). Floodplain wetlands can be defined by their relative 

geographic location, for example, backswamp, large isolated, small isolated, small 

heterogeneous complex, large heterogeneous complex, or by the range and mean water 

level that distinguishes, for example, lakes, wooded swamps, deep marsh, shallow marsh 

and tidal wetlands (Weller, 2004). Fluvial geomorphic processes create these wetlands 

(Scott & Auble, 2002), in turn facilitating hydrological processes and vegetation 

establishment and survival, upon which the diversity of wetland birds depends. 

Waterbirds select or inhabit wetlands for many reasons, with some being obligate and 

some facultative (Toth et al., 2002). Almost 20% of Australia’s bird species depend on 

wetlands (Kingsford, 1998), while 13% are considered waterbirds, their general ecology 

derived from often unpredictable wetland availability (Kingsford & Norman, 2002). 

Abundance and movements of Australian waterbird populations are driven primarily by 

rainfall that floods wetland habitats and produces food and breeding sites, although, as 

waterbirds are highly mobile, they sometimes rely on different wetlands for breeding and 

feeding, sometimes simultaneously (Kingsford et al., 1999).  
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Waterbirds can be defined taxonomically, and by foraging and breeding behaviour. There 

are six major orders in Australia (Kingsford & Norman, 2002), albeit that recent 

taxonomic revision has moved some families to and from some orders, while establishing 

the new order Phalacrocoraciformes, and dispensing with the order Pelecaniformes 

(Christidis & Boles, 2008). Foraging behaviour includes wading, dabbling and diving 

activities of piscivore, herbivore, invertebrate and omnivore feeders, while breeding 

behaviour is typically delineated between colonial and single breeders. 

There have been many studies of how habitat variables affect the use of wetlands by 

waterbirds, particularly internationally over the last two decades (Ma et al., 2010). The 

important variables and patterns of interactions are shown in Figure 3.1, and the range of 

wetland structural and physical features that influence or constitute these variables are 

listed in Table 3.1.  

 

 
 

Figure 3.1. Major habitat variables of wetlands that affect use by waterbirds where 
arrows indicate the interactions between the variables (from Ma et al., 2010).  
 

Birds exploit the vertical strata of a wetland from epibenthos to above water, including 

for nesting, resting, feeding and roosting, and during migration stopovers and wintering. 

The dynamic water levels in a wetland dictate the use by birds and other species, as water 

and vegetation in the wetland change. These dynamics can include daily (tidal), seasonal, 

annual or longer term temporal variations. Birds require most stability in wetlands during 

their nesting, but while foraging, can respond rapidly to search for higher densities of 

food and to seek safety from predators (Weller, 2004). 
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Table 3.1. Wetland features that determine waterbird habitat (from Weller, 2004). 

Wetland Feature 
• Basin size 
• Basin shoreline configuration (development) 
• Basin substrate materials (clay, silt, sand, etc) 
• Basin shoreline slope (rate of change) 
• Water depth and variability 
• Water clarity, salinity, icing, etc 
• Water column structure (plant layering and distribution under water) 
• Hydrologic influences: current, waves, and tides 
• River gradient and volume 
• Pools or openings in vegetation (size, dispersion) 
• Vegetation zonation and other distribution patterns 
• Cover : water ratios 
• Plant density 
• Plant height 
• Plant sturdiness or robustness 
• Plant aerial coverage based on life form (e.g., grass, herb, woody, bush, tree, etc) 
• Vertical layer or strata 

 

Shallow wetlands of low vegetation are among the highest value waterbird habitat, and 

are referred to variously, colloquially (pers. obs.) and in Australian literature (Goodrick, 

1970; Pressey, 1987; Green, 1997), as, swamps (with a vegetative descriptor), sedge-

lands, wet meadows and wet pastures. However, in North American literature they are 

generally termed “marshes”. Marshes are distinguished from wooded swamps in which 

water-tolerant trees or shrubs dominate. Marshes play important roles in assuring water 

quality, floodwater retention, enhancing water tables, erosion control, soil and nutrient 

trapping, and green space for aesthetic and active recreation (Weller, 1994). 

Marshes are complex, dynamic ecological systems with a characteristic physical 

structure, flow of nutrients and species composition, and are self-perpetuating. Marshes 

vary by different inundation periods (hydroperiod), seasonality and depth, and as they 

support emergent plants, depth is typically less than 100 cm. (Weller, 1994.). Distinct 

zones defined by depth and vegetation can form within a marsh and, for example, 

Baldassarre & Bolen (2006) termed the various zones, from shallowest to deepest (0 to 

100 cm), as: (i) wet meadow zone; (ii) shallow marsh; (iii) deep marsh; (iv) permanent 

open water; (v) fen zone, and; (vi) intermittent alkali. However, with water level 

fluctuations, waterbird habitat can vary in time and space, creating opportunities for 

foraging non-breeding individuals of various species that are mobile and exploit what is 
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available, but potentially problematic for breeders when restricted in their movement by 

availability of resources (Ma et al., 2010). 

3.1.3 Classification of Wetlands in NSW and Locally 

3.1.3.1 NSW 

A range of classification schemes have been developed to define wetlands and assist in 

their management (Green, 1997). These are generally based on one or more of the 

categories of: water type and source; depth; vegetation; geomorphic origin; geographic 

location; location in the landscape; man-made or natural; morphology (size, cross-

sectional and topographic shape); permanence; frequency of inundation; duration of 

inundation (hydroperiod), and; substrate type. A scheme developed for wetlands of NSW 

(Green, 1997) was based firstly on geographic location, then water source. The types of 

coastal wetlands in this scheme, such as those occurring on the Clarence River floodplain, 

are listed in Table 3.2. The water source is an important factor in wetland management, as 

discussed later in this and other chapters. 

Table 3.2. Coastal wetlands types in New South Wales (from Green, 1997) 

Water Source Description  Wetland Type 
Groundwater, Rainfall or 
Runoff 

Located on sand dunes or 
plains 

Dune swamps and lagoons 

 Not located on sand dunes 
or plains: 

 

 -  mostly open water Upland lakes and lagoons 
 -  mostly vegetated Upland swamp 
River Mostly open water or 

aquatic vegetation  
Coastal floodplain swamps 
and lagoons 

 Mostly Trees Coastal floodplain forest 
Estuarine Saline waterbodies Estuarine lakes and lagoons
 Tidal flats dominated by 

vegetation  
Mangrove and saltmarsh 
swamps 

 

3.1.3.2 Classification of Local Wetlands with respect to Waterbird Habitat 

Two types of wetlands have been previously described in the Coldstream River area (see 

Table 3.3), a large component of the Clarence River floodplain (see Figure 3.2), with both 

of these and their sub-types considered high value waterfowl habitat (see Table 3.4). Such 

value was based on the relative permanence of water and numbers of individuals and 

species (Goodrick, 1970), and is relevant for waterbird habitat in general. Importantly, 
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these are marsh-type wetlands (referred to in Tables 3.3 and 3.4 as types of swamps and 

meadows), and their relatively higher value as waterbird habitat, compared to other 

wetlands that support high and dense vegetation, is consistent with previous relevant 

research (Ma et al., 2010). 

Table 3.3. Wetlands in the Coldstream River area of the Clarence River floodplain (after 
Pressey, 1987). 

Wetland Type Wetland Sub-type 

Fresh meadows  Usually no standing water but occasionally 30cm  
Seasonal fresh swamps (a) Up to 100 cm water and soil remains wet when water gone 
 (b) Semi-permanent fresh swamp and open fresh water 
 (c) Further classification based on vegetation: 

Casuarina, Juncus, Lepironia, Philydrum, Grass 
meadow (water couch Paspalum), Rush meadow 
(Eleocharis), Sedge meadow (Triglochin, Eleocharis, 
Nymphea), Open water, Paperbark (Melaleuca) 

 

Table 3.4. Waterfowl habitat value of coastal wetland types in New South Wales (from 
Goodrick, 1970). 

Waterfowl Habitat Wetland Type 
High value waterfowl habitat Fresh meadows 
 Seasonal fresh swamps 
 Semi-permanent fresh swamps 
 Open fresh waters 
 Shallow saline lagoons 
Medium value waterfowl habitat Teatree swamps 
 Salt meadows 
 Reed swamps 
 Salt flats 
 Mangrove swamps 
 Shallow estuarine waters 
Low value waterfowl habitat Coastal bogs 
 Coastal Lepironia swamps 
 Sheoak swamps 

 

3.1.4 Wetlands and Waterbird Habitat on the Clarence River 

Floodplain  

Various studies have described the types of wetlands that occur on the Clarence River 

floodplain (Goodrick, 1970; Pressey & Clancy, 1979; Pressey, 1987; Williams, 2000; 

O'Reilly, 2001; Sandpiper Environmental, 2004). As indicated above, those wetlands of 
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greatest value to waterbirds (see Tables 3.3 and 3.4) were reported to be shallow (0 to 100 

cm), with low-growing aquatic vegetation (marsh and sedge species) or open water, and 

of a range of salinities (Goodrick, 1970). (Salinity is considered further in Chapter 5, with 

freshwater defined as water with a salinity of less than 3 parts per thousand total 

dissolved salts.) Based on information in the above studies, and on water source and 

salinity, three broad types of wetlands can now be discerned on the Clarence River 

floodplain: 

1. Fresh wetlands: typically smaller wetlands filling seasonally with rainfall and 

runoff and decreasing in wet area with evaporation, supporting a range of 

marsh plant species and tending to woodlands in drier parts. 

2. Tidal, seasonally fresh wetlands: shallow extensive marsh of water couch and 

soft rush, and 

3. Tidal, saline, estuarine wetlands: mudflats, mangroves, salt marsh. 

Type 3 wetlands were determined to be particularly important for migratory waders 

(Sandpiper Environmental, 2004), and although some of these species were reported to 

occur in the fresh and seasonally fresh wetlands of the floodplain, it was usually in low 

numbers. These species have special conservation significance in Australia being 

recognised under the international agreements of the Japan Australia Migratory Bird 

Agreement (JAMBA), the China Australia Migratory Bird Agreement (CAMBA), and the 

Republic of Korea Australia Migratory Bird Agreement (RoKAMBA), and as such are 

protected under Australian federal legislation (Environment Protection and Biodiversity 

Conservation Act, 1999). 

Types 1 and 2 wetlands have been considered historically as the most important wetland 

sites for endemic resident and nomadic species (Chapter 2). These include species listed 

as threatened in NSW (Threatened Species Conservation Act, 1995) such as the Black-

necked Stork Ephippiorhynchus asiaticus (endangered), Brolga Grus rubicunda, Magpie 

Goose Anseranus semipalmata and Comb-crested Jacana Irediparra gallinacea 

(vulnerable).  
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The differences between Types 1 and 2 wetlands provide an important dichotomy 

between many of the wetlands on the Clarence River floodplain, usually coinciding with a 

distinction between:  

(i) not-managed versus managed wetlands (typically with drains and 

floodgates);  

(ii) wetlands with a constant water quality versus those with a variable water 

quality (typically fresh versus variable salinity), and;  

(iii) wetlands with water derived from all sources versus those fed by rainfall 

and runoff only.  

Type 1 and Type 2 wetlands are referred to as “Rain-Only” and “All-Water” wetlands 

respectively, for the remainder of this chapter. 

Historic drainage of the floodplain has degraded floodplain habitat and led to large 

declines in waterbird numbers (Chapter 2). Furthermore, and although habitats within 

wetlands are naturally dynamic, and a gradual infilling or deepening is a natural process 

that may take thousands of years (Weller, 1994), on the Clarence River floodplain the 

infilling of some wetlands has taken place in less than 100 years. Although the overall 

change in wetland area might not be apparent, drainage can change the functional zones 

within a wetland, where, for example, open water and deep marshes are changed to a wet 

meadow.  

Most wetlands on the floodplain have been affected by drainage (Pressey, 1987), for 

example, by levies and drains, and separated from natural hydrological processes. The 

Clarence Floodplain Project, is a local government initiative, began in 1997 to address the 

adverse consequences of drainage (Clarence Valley Council, 2009). Strategies have 

included the manipulation or modification of floodgates to reintroduce tidal flows into 

some previously closed drains, water courses and wetlands. In other sites, new structures 

have been placed to retain more water for longer periods onto drained wetlands. Rain-

Only and All-Water wetlands are the focus of this study, and the latter particularly can be 

restored and managed by hydrological manipulation, in contrast to Type 3 wetlands 

which are open estuarine systems, whose hydrology cannot be manipulated by floodgates.  
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The effects of hydrological manipulation on waterbird habitat on the Clarence River 

floodplain underlies much of the current research, and as indicated in Figure 3.1, water 

levels and water quality, and how they fluctuate are important for waterbird habitat. 

Despite drainage, the wetlands of the floodplain remain locally important for many 

waterbird species and hydrological manipulation could potentially result in marked 

improvements to their habitat. To do this effectively, it is important to collect appropriate, 

local ecological information on the waterbirds and their habitats. Wetland features and 

habitat variables, shown in Table 3.1 and Figure 3.1, imply that many features including 

trophic status and submerged vegetation have an important effect on waterbirds. 

However, these particular issues are not discussed in this chapter or this thesis where the 

focus is on salinity and water depth. 

3.2. Methods 

3.2.1 Study Area 

The study area (location, climate and management history) is described fully in Chapter 2 

and, as described, seasonal rainfall and flood events contribute to wetting and drying in 

wetlands, and variation from fresh to increased salinity in wetlands and water bodies. 

3.2.2 Floodplain Overview 

The study area was scoped through 2005 to gain familiarity with the floodplain and its 

wetlands, to develop rapport with landholders and to define and hone census 

methodology. During this time many sites were examined to evaluate their worth for 

repeated regular monitoring (see Data Collection, below). Some of these sites were 

visited only once, and others revisited irregularly (opportunistically) on up to 15 separate 

occasions from 2005 to 2007, with a hydrological and waterbird assessment at each. 

Waterbird surveys away from water bodies can produce important data (Jackson et al., 

2006), and although this was not undertaken systematically during this period, records 

were maintained of some species away from water bodies. A list of the wetlands visited 

irregularly is presented in Table 3.5 and Figure 3.2(a) indicates their locations while 

Figure 3.2(b) indicates the locations of the monitored wetlands. Whenever possible, 

waterbirds were counted and identified to species while also taking water quality 

measurements.  
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There was a particular interest in threatened species on the floodplain, and of these, the 

Magpie Goose and Comb-crested Jacana appeared most numerous, so attempts were 

made to catch and release individuals of each species. Mist netting to enable leg colour-

banding of Comb-crested Jacanas was attempted at Little Broadwater on 13 April 2007, 

and at Shiralee (cattle feed lot and dams) for Magpie Geese on 3, 4 and 6 July 2007, 

locations that these species were frequenting at these times. Also, a cage trap was set on 

23 July 2007 at Shiralee in an attempt to catch Magpie Geese there. To lure in the geese, a 

grain-mix feed was maintained in and around the cage until 12 September 2007. During 

this period the geese were observed at the site from twice weekly to twice daily, but 

generally with fewer disturbances than they received from local residential and 

agricultural activities, and traffic from the nearby main road. To track Magpie Geese 

locally, after possible capture and banding, and prior to their release, up to five birds were 

each to be fitted with a VHF radio transmitter (Holohil AI-2B 30g with mortality sensor). 

All mist netting and trapping activities were undertaken under approval of the Australian 

Government’s Australian Bird and Bat Banding Scheme (ABBBS Authority No. 1420), 

and under Animal Research Authority No. AEC06/157 for animal experimentation from 

the University of New England Animal Ethics Committee.  
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Table 3.5. List of wetlands visited irregularly on the Clarence River floodplain from 2005 
to 2007. ‘No.’ refers to location on Figure 3.2. Type: 1 = fresh wetlands, Rain-Only; 2 = 
tidal, seasonally fresh wetlands, All-Water; 3 =. tidal, saline, estuarine wetlands 

 Wetland   
No. Name Type  

1 Col Marshs Ring 2  
2 Lake Wooloweyah West 3  
3 Micalo Channel 3  
4 Maclean Sewage Treatment Plant 1  
5 Poverty Creek 2  
6 Woodford Island 1  
7 Kings Rd 2  
8 North Arndilly 2  
9 Imesons Swamp 2  
10 Lawrence Egret Swamp 1  
11 Sportsmans Creek 3  
12 Lawrence-Greens Roads 1  
13 Southgate Creek 2  
14 Alumy Creek 2  
15 Bunyip Swamp 1  
16 Shark Creek Wetlands 1  
17 Cowper chain of ponds 1  
18 The Block 2  
19 Sherrys Lane 1  
20 Calliope Callaghans Rd  Wetlands 1  
21 Gilletts Ridge – East Ulmarra 1  
22 Bleachmore’s 1  
23 Ellis Swamp 1  
24 Crows Nest 1  
25 Lavadia 1  
26 Wants Lane TSR 1  
27 Deep Creek 1  
28 The Avenue 1  
29 Swan Creek 2  
30 Clarenza / Wash Pen 1  
31 Four-mile Lane 1  
32 Tornik 1  
33 Friars Lane 2  
34 Waterview Heights 1  
35 Shiralee 1  
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Figure 3.2. Location of wetlands of the Clarence River floodplain: (a) visited irregularly 
during 2005-07 with numbers referring to wetlands listed in Table 3.5; (b) monitored 
regularly 2006-07. 
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3.2.3 Survey Design 

Of around 50 wetland sites visited in 2005, 13 were selected for regular monitoring 

during 2006-07, as detailed in Table 3.6 and with locations indicated in Figure 3.2(b). 

Wetlands were selected with consideration to: effect size (Quinn & Keough, 2002), from 

large to small; representativeness across the floodplain; range of salinity regimes; shapes 

and known depths and profiles, and; advice from local birdwatchers, but all within the 

constraints of permission for repeated access from private landholders. Names of the 

wetlands are listed in Table 3.6 (with abbreviations in brackets ( ), used occasionally 

hereafter), and are either the official topographic names, property names, or names of the 

background landholders. 

Consideration of salinity, in wetlands selected for monitoring, was to provide a broad 

geographical spread across the floodplain capturing the variation from more to less saline 

areas (due to the varying tidal influence) based on general knowledge of the district 

(various Clarence Valley Council staff, pers. comm.). The salinity gradient in wetlands 

did not necessarily follow the estuary from east to west, as drainage and flood control 

structures regulated, suppressed or manipulated movement of water to and from wetlands. 

Access to particular sites was, however, reliant on permission from landholders, as most 

of the floodplain wetlands occur on private agricultural land, limiting site availability, as 

only a few landholders were agreeable to repeated access to their properties.  

The wetlands varied not only in salinity but also in size and hydrological management via 

drains and floodgates. All wetlands on the floodplain have been dramatically altered from 

their original state, mostly through drains but also by the clearance of adjacent vegetation 

(see Chapter 2). 

All wetlands received input from local rainfall, and in some this was retained due to their 

depressed shape in the landscape, by natural levees or behind floodgates in drains. In 

others, the drains and floodgates served to discharge water as quickly as possible, or 

otherwise, floodgates served both to allow excess water to be discharged, or to allow 

extra water to be returned to the wetland. The salinity of water entering a wetland via 

floodgates could vary depending on its source, but generally increased along the estuary 

towards the river mouth with declining freshwater inputs or increased tidal inputs. 



Chapter 3: Wetlands 

 71

The local hydrology of wetlands with no floodgate was largely unaltered, but drainage of 

the floodplain generally could be expected to have led to less water being retained than 

would naturally be the case. 

The wetlands were monitored monthly in 2006 and tri-monthly in 2007, although one 

(Ryans) was monitored only through 2006 as site access was denied in 2007, while 

monitoring of another (Woodwards) began later than the others in 2006 as site access 

there was delayed. So, of the 13 wetlands: 11 were monitored 12 times in 2006 and four 

times in 2007; one was monitored 12 times, only in 2006, and; one was monitored nine 

times in 2006 (not for the first three months) and four times in 2007. This monitoring 

represented about 80 full days of field observations (16 monitoring events x 5 days), 

although this included some half-days, but in addition, there were ineffectual days in the 

field due to inclement weather or an inability to access sites. At each site, birds were 

counted over the whole wetland (see Data Collection, below) except for Everlasting 

Swamp where birds were counted on only a section of the wetland (400 ha of about 2,000 

ha). 
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Table 3.6. Wetlands on the Clarence Valley floodplain monitored regularly during 2006 and 2007 (n = 16 times. except Ryans (n = 12), 
Woodwards (n = 13)). Type: 1 = fresh wetlands, Rain-Only; 2 = tidal, seasonally fresh wetlands, All-Water. ASS = acid sulphate soils. 

Wetland Latitude S 
Longitude E 

Maximum 
Size (ha) 

Salinity Flood-
gate 

Water source / 
Wetland Type 

Drainage Comment 

Arndilly 
(Arn) 

29o25'17" 
153o05'41" 52 

Seasonally 
Fresh/ 
Brackish 

Yes 
Rainfall, 
estuary 

2 

Levee and drain on 
2 sides. Wetland 
directly connected 
to floodgate 

Actively managed by 
landholder to keep wetland 
moist and suppress ASS 

Briners 
(Bri) 

29o39'17" 
153o05'42" 3 Fresh No Rainfall only 

1 
Perched in drained 
landscape near 
river (Coldstream) 

No hydrological 
management 

Caramana 
(Car) 

29o40'26" 
152 53'15" 7 Fresh Yes Rainfall only 

1 
Restored, naturally 
perched. One-way 
water retention 

Minimal hydrological 
management, operated like 
a farm dam 

Chaffin 
(Cha) 

29o39'40" 
153o07'20" 90 Fresh No Rainfall only 

1 

Only undrained 
wetland in local 
area, but drained 
landscape 

No hydrological 
management 

Cowans Pond 
(Cow) 

29o41'13" 
152 53'27" 7 Fresh No Rainfall only 

1 

Restored to retain 
more water, 
retention on 
drainage channel 

No hydrological 
management 

Edwards 
Creek 
(Edw) 

29o28'40" 
153o12'29" 160 

Seasonally 
Fresh/ 
Brackish 

Yes Rainfall, river 
2 

Shallow drains in 
wetland to deep 
drain on one side 

Passively managed, water 
drains off wetland, inflow 
from river blocked but 
exchanges occasionally 

Everlasting 
(Eve) 

29o31'57" 
153o03'28" 

400 
accessible 

(2,000 
total) 

Seasonally 
Fresh/ 
Brackish 

Yes Rainfall, river 
2 

Many levees and 
shallow and deep 
drains. Structures 
not allowing two-
way flow.  

Passively managed, water 
drains off wetland, inflow 
from river blocked but 
exchanges occasionally in 
parts 
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Wetland Latitude S 
Longitude E 

Maximum 
Size (ha) 

Salinity Flood-
gate 

Water source / 
Wetland Type 

Drainage Comment 

Gills 
(Gil) 

29o38'24" 
153o03'30" 11 Fresh No Rainfall only 

1 Low-lying area No hydrological 
management 

Kennys 
(Ken) 

29o41'26" 
153o05'45" 210 

Seasonally 
Fresh/ 
Brackish 

Yes Rainfall, river 
2 

Large floodgate 
controlling flow 
from and to river 
via natural channel. 
Small floodgate 
controlling water 
levels on wetland 

Actively managed by 
landholder to maintain low 
water levels of varied 
salinity, at varying times 
for pasture growth for cattle 

Little 
Broadwater 

(LB) 

29o29'13" 
153o04'51" 220 

Seasonally 
Fresh/ 
Brackish 

Yes 
Rainfall, 

estuary, river 
2 

Levee blocks 
natural entrance to 
wetland from 
creek. Deep drain 
and floodgate allow 
two-way flow. 

Actively managed by 
landholders to keep wetland 
moist and suppress ASS 

Morans 
(Mor) 

29o40'17" 
153o05'02" 350 Fresh Yes Rainfall only 

1 
Deep drain and 
floodgate at lowest 
point of wetland. 

Passively managed, water 
drains off wetland, inflow 
from river blocked 

Ryans 
(Rya) 

29o28'21" 
153o18'46" 20 

Occasionally 
Fresh pools/ 
Brackish 

Yes 
Rainfall, 
estuary 

2 

Floodgate entrance 
to saline lake, 
allowing two-way 
flow into deep 
drain and levee 
extending on two 
sides of wetland 

Actively managed by 
landholder for tidal flushing 
of drain, but minimal 
inundation of wetland to 
keep moist and suppress 
ASS 

Woodwards 
(Woo) 

29o41'10" 
153o00'38" 4 Fresh No Rainfall only 

1 

Low-lying area, 
perched, water 
retained by natural 
levee. 

No hydrological 
management 

Table 3.6. continued 
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3.2.4 Data Collection 

3.2.4.1 Waterbirds 

During 2005, identification skills were honed and count-accuracy was compared with 

local, experienced bird observers (e.g., Eric Wheeler, pers. comm.). This verified that my 

bird observation and identification abilities were generally within ~ ≤2% of other 

experienced bird observers.  

Birds were counted by direct observation, assisted by 12X binoculars and a 15-40X zoom 

telescope, and identified to species. The time of day when counts were undertaken varied 

at each wetland and on each occasion. At all but two of the wetlands, counts were 

undertaken from the same view point on each occasion. At these two, care was taken not 

to double-count birds upon switching viewpoints, and if there was doubt the minimum 

number for that species was recorded.  

There were potential biases for higher counts at some wetlands as the more time spent at a 

site increased the possibility for birds to fly in during the census, although as sites and 

their access were not equal, this was deemed the only feasible method. An alternative, 

such as timed counts, could not allow for the differences in quality of viewpoints between 

wetlands, nor the unforseen interruptions to counts such as by landholder and livestock 

and varying quality of accessibility due to seasonal rains and weather conditions. It was 

acknowledged that any counts could be biased by visibility varying with season, 

vegetation and bird behaviour (Weller, 2004), but, again, the methods employed were the 

most practical of those considered. 

Waterbirds were counted at a particular site when they were obviously associated with 

that wetland. For example, birds were counted when they were foraging in the wetland 

(the majority of counts), when they were at the edge (e.g., resting or “loafing” such as 

ducks sitting at the edges basking in the winter sun), and when foraging on dry land that 

was considered part of the wetland due to vegetation type and known flooding pattern 

(e.g., foraging Ibis species Threskiornis spp., Latham’s Snipe Gallinago hardwickii in 

long grass). Birds on nearby nests that were obviously, strategically located close to the 

wetland (e.g., Black-necked Stork Ephippiorhynchus asiaticus) were also counted. Birds 

that were simply flying over were not counted unless they were obviously interacting 
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with the wetland (e.g., hawking Swamp Harriers Circus approximans). If there were 

doubts, birds were not included in the data set. 

Birds included the analyses included those typically regarded as waterbirds (Kingsford, 

1998), and birds of prey (from Family Accipitridae) (White-bellied Sea Eagle Haliaeetus 

leucogaster, Eastern Osprey Pandion cristatus, Swamp Harrier), not usually considered 

waterbirds but that usually rely upon wetlands. Not included in analyses, even though 

often observed (and counted) at the wetlands but not relying on them, were species 

typically associated with forests, woodlands and open areas, such as Whistling Kite 

Haliastur sphenurus, Wedge-tailed Eagle Aquila audax, Australian Magpie Cracticus 

tibicen, Magpie-lark Grallina cyanoleuca and Willie Wagtail Rhipidura leucophrys. 

For analyses, there was no standardization (normalising) for wetland area. (Analyses 

using wetland area are presented in Chapter 4). For further analyses, waterbirds were 

classified into eight broad functional foraging groups (H. Ford, pers. comm., (modified 

from Kingsford & Porter, 1994), plus birds of prey). These groups (with abbreviation) 

were: diving omnivores (do); diving piscivores (dp); wading piscivores (wp); large 

wading omnivores (lw); dabbling ducks (dd); herbivorous grazers (hg); small wading 

birds (sw), and; birds of prey (bp), and are listed below in the results section. 

3.2.4.2 Wetlands 

Wetland monitoring methods were trialled and finalised during scoping of the floodplain 

in 2005. Salinity, pH and temperature were measured in situ using a TPS WP-81 (brand 

name) waterproof conductivity/TDS-pH/mV/temperature meter, calibrated prior to each 

monitoring run. Measurements were undertaken only during daytime between 8 AM and 

4:30 PM, with the time of measurement varying at each wetland and on each occasion. 

Sizes of wetlands were approximated initially from topographic maps and visual 

inspections when selecting sites. Later, sizes were more accurately determined by GPS 

and from digital terrain models (Clarence Valley Council, unpublished data). Wetland 

edges were difficult to discern for size measurements, particularly on very flat areas, as it 

was difficult to determine the location of the water’s edge, as opposed to, what was 

simply, moist ground. However, this was estimated to make less than 1% difference 

between maximum and minimum area measurements.  
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Depth was measured repeatedly at 12 wetlands (n = 16, except Gills (n = 12) and 

Woodwards (n =8)), at single or multiple points from gauges established at the sites, or 

alternative measuring points (e.g., fence posts). However, gauges at Everlasting and 

Ryans were ineffective because, due to drainage, the wetlands comprised a series of 

isolated pools that were rarely connected. There were no depth measurements made at 

Briners due to an inability to access a suitable monitoring location at the site.  

3.2.5 Data Analysis 

3.2.5.1 Univariate statistical analyses 

I tested for differences in the waterbird community using nested analyses of variance, 

with two factors, water-source and wetland, wetlands nested within water source 

(Kingsford et al., 2004). Water-source was a fixed factor (two levels: all water, and; 

rainfall only), while wetland (five levels) was a random factor.  

Some of the 13 wetlands could not be accessed on every monitoring occasion, and to 

ensure a balanced data set, I reduced the data set used to test for differences between 

water sources, to 10 wetlands, each monitored 16 times during 2006 and 2007. Thus, the 

wetland influenced by tidal flows of highest salinities, Ryans, was removed from this 

analysis. 

Dependent variables included total waterbird abundance and number of species, and 

numbers and diversity of all functional groups, per wetland. All ANOVAs were done 

using SYSTAT for Windows, version 10.0 (SPSS, 2000). I considered issues of pseudo-

replication (Hurlbert, 1984) and autocorrelation (Stewart-Oaten et al., 1986) with respect 

to the repeated observations at wetlands. However, the monitoring methods employed 

were the only practical means of replicating observations across the floodplain within the 

timeframe and available resources, and therefore the issues were rejected, although 

ANOVA test results were examined with a very conservative criterion (p = 0.001). 

3.2.5.2 Multivariate analyses 

Four types of multivariate analyses were undertaken using PRIMER v6 (Clarke & 

Gorley, 2006). 
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nMDS 

I compared waterbird communities on the 13 wetlands, using non-metric hybrid 

multidimensional scaling (nMDS) to look for obvious groupings (Quinn & Keough, 

2002) based on wetland and wetland type (All-Water and Rain-Only wetlands). Analyses 

used total counts for all species for each wetland on each monitoring occasion. Matrices 

of pair-wise sample similarities were calculated using the Bray-Curtis index on fourth-

root transformed data, the transformation allowing the spread of data points to be easily 

discerned by the resulting graphical representation. The nMDS was run in two and three 

dimensions with 50 random starts. Where the stress (goodness of fit) was similar for both 

ordinations, solutions in two dimensions were presented. 

ANOSIM 

I examined for similarity between wetlands based on waterbird abundance using 

ANOSIM (analysis of similarities) of fourth-root transformed abundance data with 

99,999 permutations. Pair-wise comparisons between monitored wetlands determined 

those significantly different (p <0.01), inferring that those not significantly different had a 

higher degree of similarity. 

SIMPER 

To identify the various species that dominated the waterbird community of each wetland 

type, and the relative contribution of each species, I compared mean abundance of the 53 

species (untransformed data) among the 13 wetlands using SIMPER (similarity 

percentages for species contributions) analyses. This identified characteristic waterbird 

species for the wetlands by computing average Bray-Curtis similarity between all pairs of 

inter-group samples and decomposing this average into separate contributions from each 

species. 

PCA 

To identify the various species that contributed most to the variability across the 13 

wetlands, and to quantify this variability, I performed a principal component analysis 

(PCA) of the fourth-root transformed abundance data, to produce five eigenvectors 

(components in the linear combination of variables making up the principal components). 

Species were ranked by principal component (PC) values, with positive and negative 

values possible for each PC.  
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3.2.5.3 Graphing with Box Plots 

Data for temperature, salinity, pH and waterbirds were graphed using box plots (box-and-

whisker plots) to enable an examination how these data are spread. For all box plots, the 

box represents 75% of the data with the median line within; and within either end of the 

whiskers represents 90% of the data; while dots represent the remaining 10% of the data. 

3.3. Results 

3.3.1 The Floodplain: General Results and Observations 

A total of 62 species were observed on the various floodplain wetlands that were visited 

irregularly from 2005 to 2007. Table 3.7 lists these species, and the wetlands where they 

were observed. This list is quite comprehensive indicating the spread of species across the 

floodplain. Many species occurred across the floodplain in a wide variety of wetlands, 

although some species favoured wetland types, e.g., Magpie Goose and Comb-crested 

Jacana were observed only in wetlands with freshwater, while Whimbrel Numenius 

phaeopus, Australian Pied Oystercatcher Haematopus longirostris, Red-necked Avocet 

Recurvirostra novaehollandiae and some terns (Sterna spp.) were only observed in the 

saline, estuarine wetlands. However, the list is not definitive for the entire floodplain and, 

for example, includes only eight of the 22 species of migratory waders known to occur 

mainly on the estuarine mudflats (Sandpiper Environmental, 2004).  

Each of the threatened species, Black-necked Stork, Brolga, Magpie Goose and Comb-

crested Jacana, were observed to nest and fledge young, and each on multiple wetlands 

except for the Magpie Goose only observed nesting at Crows Nest wetland. 

During the survey period, there were reports of the occurrence of other species (in very 

low numbers) not recorded here, including Cotton Pygmy-goose Nettapus 

coromandelianus at Swan Creek (Eric Wheeler, pers. comm.), and Australasian Bittern 

Botaurus poiciloptilus near Morans Swamp (Roy Bowling, pers. comm.). Despite these 

exceptions, the list probably includes all the common and relatively abundant species that 

are to be encountered on the wetlands of interest in the current research. 



Chapter 3: Wetlands 

 79

Table 3.7. Waterbird species observed on wetlands of the Clarence River floodplain from 
2005 to 2007. See Table 3.5 and Figure 3.2 for names and locations of wetlands as per 
numbers here. Common and species names follow (Christidis & Boles, 2008). 

FAMILY 
Common Name Species Wetlands where observed  

PODICIPEDIDAE   
Australasian Grebe Tachybaptus 

novaehollandiae 
4, 13, 19, 20, 21, 27, 30  

 
PELICANIDAE 

  

Australian Pelican Pelecanus conspicillatus 1, 2, 3, 11, 20, 27  
 
ANHINGIDAE 

  

Australasian Darter Anhinga novaehollandiae 1, 2 
 
PHALACROCORACIDAE 

  

Great Cormorant Phalacrocorax carbo 2, 27 
Pied Cormorant Phalacrocorax varius 2 
Little Black Cormorant Phalacrocorax 

sulcirostris 
2, 3, 8, 10, 11, 18, 20, 21, 27  

Little Pied Cormorant Microcarbo melanoleucos 1, 2, 3, 8, 11, 13, 20, 21, 27, 31 
 
ARDEIDAE 

  

Cattle Egret Ardea ibis 8, 10, 11, 17, 19, 20, 24, 28, 30, 32, 
34 

Eastern Great Egret Ardea modesta 2, 3, 7, 10, 17 
Intermediate Egret Ardea intermedia 1, 2, 3, 4, 8, 10, 11, 16, 17, 20, 21, 

24, 27, 28, 29, 32 
White-necked Heron Ardea pacifica 1, 8, 16, 20, 24, 27  
Striated Heron  Butorides striata 1, 2 
Little Egret Egretta garzetta 1, 2, 3, 5, 10, 15, 20  
White-faced heron Egretta novaehollandiae 1, 2, 2, 8, 15, 17, 20, 21, 24, 27, 30, 

31 
Nankeen Night Heron Nycticorax caledonicus 11  
 
CICONIIDAE 

  

Black-necked Stork Ephippiorhynchus 
asiaticus 

3, 8, 22, 28 

 
GRUIDAE 

  

Brolga Grus rubicunda 1, 8, 11, 12, 16, 20, 23 
 
THRESKIORNITHIDAE 

  

Glossy Ibis Plegadis falcinellus 17, 20, 21  
Australian White Ibis Threskiornis molucca 1, 2, 3, 4, 10, 17, 20, 28, 32 
Straw-necked Ibis Threskiornis spinicollis 1, 10, 16, 19, 20, 21, 24, 27, 28, 28, 

30 
Royal Spoonbill Platalea regia 1, 2, 3, 10, 14, 20, 21, 27, 32  
Yellow-billed Spoonbill Platalea flavipes 1, 10 
 
ANSERANATIDAE 

  

Magpie Goose Anseranus semipalmata 24, 30, 32, 35 
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FAMILY 
Common Name Species Wetlands where observed  

 
ANATIDAE 
Black Swan Cygnus atratus 2, 3, 11, 15, 17, 19, 20, 21, 24, 27, 

28, 30 
Plumed Whistling-Duck   Dendrocygna eytoni 4, 20, 21, 32, 35 
Pacific Black Duck Anas superciliosa 1, 2, 4, 5, 7, 10, 11, 13, 14, 15,17, 

18, 19, 20, 21, 24, 26, 27, 29, 30, 31, 
32, 33 

Mallard (feral species) Anas platyrhynchos 28 
Grey Teal Anas gracilis 2, 3, 4, 8, 11, 15, 16, 17, 19, 20, 21, 

26, 27, 32 
Chestnut Teal Anas castanea 1, 2, 3, 4, 5, 10, 17, 20, 21, 27, 32  
Australasian Shoveler Anas rhynchotis 3, 20, 27 

 
Pink-eared Duck Malacorhynchus 

membranaceus 
10 

Hardhead  Aythya australis 4, 13, 15, 18, 19, 20, 21, 27 
Australian Wood Duck Chenonetta jubata 1, 4, 10, 14, 15, 19, 19, 20, 21, 27, 

32 
Musk Duck Biziura lobata 15 
 
ACCIPITRIDAE 

  

Swamp Harrier Circus approximans 31 
White-bellied Sea-Eagle Haliaeetus leucogaster 1, 3, 8, 11, 15, 20, 28 
Eastern Osprey Pandion cristatus 1, 3, 8 
 
JACANIDAE 

  

Comb-crested Jacana Irediparra gallinacea 15, 20, 21, 24, 25, 29, 30  
 
RALLIDAE 

  

Buff-banded Rail Gallirallus philippensis  6, 11 
Dusky Moorhen Gallinula tenebrosa  6, 14, 17, 20, 30, 32  
Purple Swamphen Porphyrio porphyrio  4, 8, 13, 14, 17, 18, 19, 20, 21, 27, 

29, 30, 32, 33, 35 
Eurasian Coot Fulica atra  10, 21, 30 
 
CHARADRIIDAE 

  

Black-fronted Dotterel Elseyornis melanops 11, 21 
Red-kneed Dotterel Erythrogonys cinctus 2 
Pacific Golden Plover  Pluvialis fulva  2, 3 
Banded Lapwing Vanellus tricolor 11 
Masked Lapwing Vanellus miles 1, 2, 6, 8, 15, 16, 17, 19, 20, 24, 26, 

29, 31 
SCOLOPACIDAE   
Sharp-tailed Sandpiper Calidris acuminata 1, 2 
Bar-tailed Godwit Limosa lapponica 2, 3 
Latham's Snipe Gallinago hardwickii 3, 15 
Common Greenshank Tringa nebularia 2, 3 
Marsh Sandpiper Tringa stagnatilis 2, 3, 11 
Whimbrel  Numenius phaeopus 2 
Eastern Curlew  Numenius 

madagascariensis 
1, 2, 3 

Table 3.7. continued 
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FAMILY 
Common Name Species Wetlands where observed  

 
HAEMATOPODIDAE 

  

Australian Pied 
Oystercatcher  

Haematopus longirostris 2 

 
RECURVIROSTRIDAE 

  

Black-winged Stilt Himantopus himantopus 1, 2, 4, 15, 20, 21, 27, 
Red-necked Avocet  Recurvirostra 

novaehollandiae  
2, 3  

 
LARIDAE 

  

Whiskered Tern Chlidonias hybrida 8 
Crested Tern Sterna bergii 2 
Caspian Tern Hydroprogne caspia 1, 2  
Gull-billed Tern Gelochelidon nilotica 2 
Silver Gull  Chroicocephalus 

novaehollandiae  
2  

 

Marsh vegetation responded to seasonal summer rainfall and higher temperatures, 

growing strongly through summer into autumn. Marsh vegetation was dominated by Soft 

Rush Eleocharis equisetina and Water Couch Paspalaum distichum. Growth stopped in 

winter and spring when plants browned off and decayed, particularly when there was 

frost. The marshes turned obviously bright green in summer then brown in winter, 

although often marshes were grazed selectively by cattle and Black Swans Cygnus 

atratus, so this visual effect was not uniform.  

Floating plants such as lilies Nymphea spp. and Water Hyacinth Eichornia crassipes (a 

noxious weed widespread in fresh wetlands) also receded in winter, although Water 

Hyacinth tended to harden and become less succulent. The condition of floating 

vegetation (live and dead) was important for birds using it as a substrate to walk on (e.g., 

Comb-crested Jacana and Purple Swamphen Porphyrio porphyrio), whereas the density 

of marsh vegetation could be either an impediment for birds taking off and landing in the 

water (e.g., many ducks), or a major food resource (e.g., for Black Swans). Latham’s 

Snipe, when observed, were usually flushed from thick grass at a wetland’s periphery, 

typically Common Couch Cynodon dactylon. The growth of thick marsh vegetation in 

shallow water seemed to be an impediment to waterbirds, as few birds were observed in 

such places, although I searched for them there. However, after grazing of these areas by 

Table 3.7. continued 
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cattle or Black Swans, more swimming and wading birds were seen there, and this was 

not attributed to increased visibility. 

Trees occurred at the edge of wetlands, or at sites with minimal inundation, and provided 

important roost sites for birds. These trees were mainly either Swamp Oak Casuarina 

glauca or Broad-leafed Paperbark Melaleuca quinquenervia. A stand of M. quinquenervia 

at Lawrence Swamp provided the most important nesting site for Cattle Egrets Ardea ibis, 

and other egret (Ardea spp.) and ibis (Threskiornis spp.) species on the floodplain.  

When stands of trees were too dense in wetlands, very few waterbirds occurred in the 

water below the canopy, Pacific Black Ducks Anas superciliosa being the exception. In 

sparsely-wooded wetlands, marsh vegetation was able to grow between the trees, and a 

range of ducks and other species used these areas, although flight in and out was 

hindered. A single tree in an otherwise open area was often problematic for foraging 

waterbirds as it provided a roost for birds of prey, such as Osprey, White-bellied Sea 

Eagle and Wedge-tailed Eagle. Thicker stands of trees also provided windbreaks and 

during the strong winds that typically occur in spring months, waterbirds often foraged on 

the leeward side of these trees. 

Water temperatures, were predicably warm in summer and colder in winter months (see 

Figure 3.3 for patterns). Water temperatures below 10oC were common in July. 

Temperatures could vary with time of day, currents and circulation, location of sample 

with water shaded by vegetation being up to 10oC colder than water exposed to the sun. 

Water levels in wetlands rose and fell with water inputs (typically rainfall), expanding 

and contracting the area of wetlands. When inputs were other than rainfall, wetlands 

managed with floodgates could allow inputs from adjacent water courses, and these 

sometimes ran counter to rainfall, for example, flooding a wetland in the dry spring to 

promote pasture for cattle, or conversely, draining a wetland in wet times to allow access 

for grazing cattle in the knowledge that the wetland would likely soon be re-filled by 

seasonal rain. 

The most notable seasonal difference with respect to birds was the presence of migratory 

waders during summer months (November to May). Behaviourally, a notable seasonal 

feature was the increase in resting or basking out of the water by many species in winter, 
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typically at the edges or on islands or levees within and around the wetlands, presumably 

to conserve energy out of the cold and to gain warmth from the sun. 

Away from Wetlands 

Waterbirds were often observed away from wetlands. Cattle Egrets were often observed 

in crop paddocks and pastures. Brolgas, Black-necked Storks, Australian Wood Ducks 

Chenonetta jubata, Australian White Ibis Threskiornis molucca and Straw-necked Ibis 

Threskiornis spinicollis were sometimes observed foraging in open, dry land up to one or 

more kilometres from water bodies. Magpie Geese were often observed at or near cattle 

grain-feeding stations (e.g., feed lots) at Shiralee (up to 100 birds) and Tornik, where 

plentiful supplies of grain could be accessed directly from the bins or from the nearby 

land when spilled by the cattle. These feeding stations were always close to water, 

typically a farm dam that was used by the geese for drinking and escape. Plumed 

Whistling Ducks Dendrocygna eytoni were another species often observed at farm dams, 

in numbers up to 500, and sometimes with Magpie Geese. Pacific Black Ducks seemed 

almost ubiquitous and seemed to occupy nearly any water body, albeit sometimes only 

singly or in pairs. 

Mist Netting and Trapping 

Attempts to catch Comb-crested Jacanas and Magpie Geese were mostly unsuccessful 

and resulted in the capture of one juvenile jacana only. The individual was fitted with a 

coloured leg band and was sighted close to the point of capture after its release during the 

remainder of that day, but was not knowingly sighted again here (Little Broadwater), or at 

another wetland for the duration of the current research. No Magpie Geese were captured, 

but at the proposed site for capture (the Shiralee cattle fed lot), the geese were observed to 

leave about dusk each day and fly to the north-east, possibly to the Crows Nest wetland, 

where they were believed to forage during the night based on reports from a local resident 

(Martin Hutchings, pers. comm.). They appeared to return to the Shiralee site before or 

around dawn each day during the period of observation (~ 2 months).  
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3.3.2 Monitored Wetlands 

3.3.2.1 Wetlands 

(a) Water Temperature 

Water temperatures showed clear seasonal patterns; wetlands were warmest in summer 

and coldest in winter (see Figure 3.3). Variations in recorded temperatures within sample 

times were attributed to the time of day and location of the sample with respect to shading 

by vegetation, or whether temperature was recorded from shallow or deeper site, a deeper 

pool being less influenced by solar heating and cooling. 
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Figure 3.3. Average water temperatures in 13 wetlands 2006-07 (pooled data from all 
wetlands sampled monthly in 2006, and in March, June, September and December in 
2007) (box plot data: 75% within box with median; 90% within whiskers; dots are 10%). 
 
 

 (b) Water depths 

Table 3.8 presents data for the water depths at the deepest points of 10 of the 13 

monitored wetlands (there was no gauge established at Briners, and gauges did reflect 
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wetland depths at Everlasting and Ryans). As can be seen, no wetland dried completely 

while five retained depths of at least 50 cm at their lowest levels. However, (and not 

reflected in the results), rises and falls had different consequences for flooding and drying 

of different wetlands. Caramana, Cowans Pond, Gills and Woodwards each retained a 

pool of water that was large relative to the maximum size of the wetland, whereas 

Edwards Creek, Kennys and Morans retained very small ponds relative to overall size. 

Drains within Everlasting and Ryans retained a fairly constant depth of water (>100 cm) 

despite rises and falls of between 0 to 30 cm on the actual wetlands, which had 

insufficient gauging to record these changes. At the lowest water depths at Little 

Broadwater, a 50 cm deep pool was retained of about 10% the wetland’s maximum area 

while about 75% of the wetland remained inundated. (The effect of fluctuating water 

depths on the area of water in the various wetlands is presented in Chapter 4.) 

 

Table 3.8. Water depth at deepest points: average and range of 10 wetlands monitored 
during 2006-07 (n = 16, except Gills (n = 12) and Woodwards (n =8)).  

  Depth (cm)   
Wetland Minimum Maximum Average S.D. 
Arndilly 15 56 33 12 
Briners (no data)     
Caramana 141 288 243 39 
Chaffins 93 140 118 13 
Cowans Pond 145 182 167 13 
Edwards Creek 20 93 52 24 
Everlasting (insufficient data)     
Gills 95 122 109 10 
Kennys 15 55 38 13 
Little Broadwater 72 103 82 9 
Morans 5 56 38 12 
Ryans (insufficient data)     
Woodwards 36 67 48 11 

 

(c) Salinity 

Salinity of the wetlands varied in a range up to 10 ppt (parts per thousand), except for 

Ryans where it varied in a range up to over 20 ppt (Figure 3.4). Typically, the salinity 

ranges of wetlands reflected their water source. Ryans exchanged water through a 

floodgate to Lake Wooloweyah, which had close hydrological links to the mouth of the 

Clarence River and the Pacific Ocean (salinity ~ 36 ppt). Arndilly, Little Broadwater, 

Edwards Creek, Everlasting and Kennys were fresh upon receiving rainfall, but more 
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saline after estuarine water infiltrated, either through management via floodgates or 

seasonal changes to the salinity of the estuary. Briners, Caramana, Chaffins, Cowans 

Pond, Gills and Woodwards had no saline input from the estuary and remained very fresh 

(usually <0.5 ppt). However, Woodwards, at certain times and in certain places within it, 

had slightly elevated salinity levels (up to ~ 2 ppt) compared to the other fresh wetlands, 

and this was attributed to a geologically-anomalous, terrestrial acid-salt source located 

upslope from the wetland (not an underlying acid sulphate soil source) (Ken Woodward, 

landholder, pers. comm.). 
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Figure 3.4. Boxplots of salinity ranges at 13 wetlands monitored over 2006-07 (n = 16. 
except Ryans (n = 12), Woodwards (n = 13)) (box plot data: 75% within box with 
median; 90% within whiskers; dots are 10%). 

(d) pH 

The ranges of pH in the wetlands reflected the salinity ranges, in that those with a broad 

range of salinities also had broad pH ranges (~pH 2 to pH 9), while the fresh wetlands 

had narrower ranges (~pH 5 to pH 8) (Figure 3.5). As with salinity at Woodwards, the 

occasional low pH measurement was attributable to a nearby, upslope acid-salt source. 

Generally however, the low pH readings of wetlands were attributed to the mobilisation 

of leachate from underlying acid sulphate soils, occurring due to the drying and oxidation 
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of these soils then subsequent wetting (White, 2009). The lowest measurement, a pH of 

1.81, was recorded during a dry period in the west of Little Broadwater. 
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Figure 3.5. Boxplots of ranges of pH in 13 wetlands in 206-07 based on three data points 
(maximum, minimum and median) on each monitoring occasion (n = 16. except Ryans (n 
= 12), Woodwards (n = 13)) (box plot data: 75% within box with median; 90% within 
whiskers; dots are 10%). 
 

3.3.2.2 Waterbird Species 

Counts 

A total of 53 species were observed at the 13 monitored wetlands (see Table 3.9), all of 

which were also observed at the irregularly-visited wetlands. Birds were consistently 

most abundant, and number of species highest, at Little Broadwater, and least so at 

Briners (see Figures 3.6 and 3.7). Clearly, Little Broadwater had much greater abundance 

of birds (250 to 2,300 birds) than the other wetlands.  

The maximum counts of species at each wetland are listed in Table 3.9 also indicating the 

presence or absence of each species at each wetland over the monitoring period. The most 



Chapter 3: Wetlands 

 88

abundant species were Grey Teal, Black Duck and Black Swans. Seven species occurred 

in all wetlands and a further five species occurred in 12 wetlands. In contrast, five species 

occurred in only one wetland and eight in only two. Two species occurred only in Rain-

Only wetlands, Magpie Goose and Musk Duck and each only in one wetland. Terns, 

Eastern Osprey and most migratory waders occurred only in All-Water wetlands. 

Species of Conservation Significance  

Of the threatened species at the monitored wetlands, Black-necked Storks were recorded 

at five wetlands, Brolgas at eight wetlands, Magpie Geese at one wetland and Comb-

crested Jacanas at seven wetlands. Storks and Brolgas were sometimes observed close to 

some of the monitored wetlands, e.g., in nearby non-wetland areas, but not recorded in 

these counts. Likewise, some of these species were sighted at some of the wetlands 

outside of the designated monitoring occasions, and so were not recorded in the counts 

(e.g., Comb-crested Jacanas at Little Broadwater). Magpie Geese were recorded only at a 

fresh wetland, Comb-crested Jacanas only at wetlands with floating vegetation associated 

with freshwater, while Black-necked Storks and Brolgas had no obvious preferences for 

fresh or more saline (brackish). 

Most migratory waders occurred only in All-Water wetlands, except Latham’s Snipe 

which occurred at most wetlands (eight), but only at sites with long, thick grass within, or 

at the edges. Other species (Pacific Golden Plover, Sharp-tailed Sandpiper, Bar-tailed 

Godwit, Common Greenshank and Marsh Sandpiper) occurred at up to three wetlands, on 

shallow or moist mud flats. The Sharp-tailed Sandpiper was the most abundant of the 

migratory waders (210 birds on one occasion at Little Broadwater).  
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Table 3.9. Presence or absence of waterbirds at 13 wetlands 2006-07 as indicated by maximum counts (n = 16. except Ryans (n = 12), 
Woodwards (n = 13)). Shading indicates species that were observed in all 13 wetlands. Figures in bold show the highest number of that species 
counted. Foraging groups: diving omnivores (do); diving piscivores (dp); wading piscivores (wp); large wading omnivores (lw); dabbling ducks 
(dd); herbivorous grazers (hg); small wading birds (sw), and; birds of prey (bp). 

      Wetland         

Species Forag. 
Group Arn Bri Car Cha Cow Edw Eve Gil Ken LB Mor Rya Woo 

Wetlands 
Present 
(no.) 

Australasian Grebe do 8  47 10 9  6 2  68   2 8 
Australian Pelican dp 5  3 12 6  5   6  6  7 
Australasian Darter dp 2   3 1  1   2  1  6 
Great Cormorant dp    1 1     1    3 
Pied Cormorant dp     1     2    2 
Little Black Cormorant dp 8  8 20 11  1   19  2 2 8 
Little Pied Cormorant dp 6   5 6 1 3 1 1 9  2 3 10 
Cattle Egret lw 12  31 13 6 100 280 100 10 124 25 50 1 12 
White-necked Heron wp 1 1 1 7 1 5 55 2 21 15 42 2 10 13 
White-faced Heron lw 14 1 4 6 1 10 29 2 33 32 19 10 13 13 
Eastern Great Egret wp 12 1 1 7 1 1 81  1 22  2 2 11 
Little Egret wp 6  1  1  1   7 1 1  7 
Intermediate Egret wp 10 1 2 9 4 1 101 2 19 110 10 1 9 13 
Black-necked Stork wp 2   4 2  1   3    5 
Brolga lw 2   1  2 7  3 13 5 1  8 
Glossy Ibis lw 29   27   10  11 173    5 
Australian White Ibis lw 4  2 6 1 1 30 6 2 177 6 48 4 12 
Straw-necked Ibis lw 30  3 11 2 12 9 40 37 277 15 20 5 12 
Royal Spoonbill lw 54  1 20 7  20 8 2 69  56 2 10 
Yellow-billed Spoonbill lw 1      11  1 2 2   5 
Plumed Whistling Duck hg 11  81  124  22 2     18 6 
Magpie Goose hg             15 1 
Black Swan hg 188   25 3 2 127 4 85 840 131 20 6 11 
Pacific Black Duck dd 23 30 38 26 157 30 106 43 97 215 6 23 15 13 
Grey Teal dd 203 6 94 37 30 45 120 32 10 1,053 14 90 16 13 
Chestnut Teal dd 27 5 8 16 1 2 21 8 8 56 2 45  12 
Australasian Shoveler dd 14  12 2 14  7   22  4 2 8 



Chapter 3: Wetlands 

 90

      Wetland         

Species Forag. 
Group Arn Bri Car Cha Cow Edw Eve Gil Ken LB Mor Rya Woo 

Wetlands 
Present 
(no.) 

Pink-eared Duck dd 6  83    16   4    4 
Hardhead do 37  54 12 27  46 4  84  1  8 
Australian Wood Duck hg 1 9 38 5 56 1 16 14 2 20  6 10 12 
Musk Duck do   2           1 
Swamp Harrier bp 1  1 1  1 2  2 2 3 1 1 10 
White-bellied Sea Eagle bp 1   2   2   3 2 1  6 
Eastern Osprey bp 1           2  2 
Comb-crested Jacana sw  1  15 13  2 4  4   6 7 
Buff-banded Rail sw 2 1            2 
Dusky Moorhen hg 1 3 5 2 13  5 3 1 18  1 1 11 
Purple Swamphen hg 13 6 8 8 29 12 30 18 1 123 1 2 25 13 
Eurasian Coot do   191 2 287  36   21    5 
Black-fronted Dotterel sw 7  4       2    3 
Red-kneed Dotterel sw          15    1 
Pacific Golden Plover sw 10        18     2 
Masked Lapwing sw 15 2 4 6 18 6 25 5 14 71 4 6 21 13 
Sharp-tailed Sandpiper sw 21      1   210  10  4 
Bar-tailed Godwit sw 1             1 
Latham's Snipe sw 19  3 7   2 1 3 4  3  8 
Common Greenshank sw 20         4    2 
Marsh Sandpiper sw 29         17    2 
Black-winged Stilt sw 117  17 80   16 2 4 376 18 14 4 10 
Whiskered Tern dp 10      10   50    3 
Crested Tern dp       22   1    2 
Caspian Tern dp          1    1 
Gull-billed Tern dp 6         2    2 
Total Spp. 53 44 13 29 33 30 17 39 22 24 46 18 30 24  
Average No. Birds  183.1 13.3 191.1 78.5 270.1 23.6 209.2 42.7 46.9 1201.1 33.8 63.7 28.4  
SD  117.69 10.80 93.47 45.36 113.61 30.43 151.08 37.28 62.63 605.38 51.17 56.88 24.62  
Av No Spp.  14.5 3.4 13.0 12.9 14.0 4.1 15.1 6.7 5.3 25.3 4.6 8.7 6.5  
SD  4.15 1.20 2.48 5.02 3.37 2.39 5.28 1.66 3.09 3.49 3.88 5.82 4.43  

Table 3.9. continued 
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Figure 3.6. Boxplots of ranges of total numbers of 53 species of waterbirds counted at 13 
wetlands in 2006-07 (n = 16, except Ryans (n = 12), Woodwards (n = 13)) (box plot data: 
75% within box with median; 90% within whiskers; dots are 10%). 
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Figure 3.7. Boxplots of ranges of number of waterbird species at 13 wetlands 2006-07 (n 
= 16, except Ryans (n = 12), Woodwards (n = 13)) (box plot data: 75% within box with 
median; 90% within whiskers; dots are 10%). 
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3.3.3 Waterbird Communities - comparisons between wetlands 

3.3.3.1 Univariate Analysis 

The nested ANOVA of 10 wetlands (see Table 3.10) indicated that abundances, and 

number of species, of waterbirds overall and of each foraging group, were not 

significantly different (p >0.001) between the two types of wetlands, Rain-Only and All-

Water. However, differences among wetlands were significant (p <0.001) for waterbirds 

overall and for all foraging groups of waterbirds (for both abundance and numbers of 

species). Importantly, the strength of association results for differences among wetlands 

for the abundance of all birds, and number of species, were very high (74% and 77% 

respectively). Similar results were reflected in each of the foraging groups with numbers 

of dabbling ducks having the highest (59%), and numbers of birds of prey the lowest 

(20%), strengths of association. This reinforces the observations that while a wetland such 

as Little Broadwater had relatively high numbers of birds and species, other wetlands of 

the same type, and of similar or larger area, had fewer birds and species.  
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Table 3.10. Nested ANOVA results for comparison of abundance and number of species 
in 10 wetlands of two types (five Rain-Only and five All-Water). (Analyses were done for 
total waterbirds and each foraging group, between wetland-types and wetlands. VC = 
variance component (strength of association). VC (%) calculated as the variance 
component of each factor divided by the total variance times 100.) 

        
Waterbirds 
and Source 

 Abundance    No. 
species 

 

 df F p VC (%)  F p VC (%) 
Total        
Wetland Type 1, 8 0.87 0.379 <0.1 0.37 0.558 <0.1 
Wetland 8, 150 46.43 <0.001 74.0 55.56 <0.001 77.3 
Diving 
piscivores 

     

Wetland Type 1, 8 0.698 0.428 <0.1 0.271 0.617 <0.1 
Wetland 8, 150 10.121 <0.001 36.3 33.251 <0.001 66.8 
Wading 
piscivores 

     

Wetland Type 1, 8 2.593 0.146 7.0 1.009 0.345 <0.1 
Wetland 8, 150 4.681 <0.001 17.4 13.396 <0.001 43.6 
Large wading 
omnivores 

     

Wetland Type 1, 8 1.837 0.212 8.8 4.882 0.058 26.7 
Wetland 8, 150 20.314 <0.001 49.9 13.3 <0.001 31.8 
Herbivorous 
grazers 

     

Wetland Type 1, 8 0.816 0.393 <0.1 0.716 0.422 <0.1 
Wetland 8, 150 11.69 <0.001 40.1 29.075 <0.001 63.7 
Diving 
omnivores 

     

Wetland Type 1, 8 1.667 0.233 7.5 1.609 0.240 9.1 
Wetland 8, 150 23.205 <0.001 53.8 71.288 <0.001 74.0 
Dabbling 
ducks 

     

Wetland Type 1, 8 1.17 0.311 2.1 0.007 0.936 <0.1 
Wetland 8, 150 25.737 <0.001 59.5 30.62 <0.001 64.9 
Small waders      
Wetland Type 1, 8 1.557 0.247 6.3 1.009 0.345 <0.1 
Wetland 8, 150 22.967 <0.001 54.2 13.396 <0.001 43.6 
Birds of Prey      
Wetland Type 1, 8 0.771 0.406 <0.1 0.839 0.387 <0.1 
Wetland 8, 150 5.081 <0.001 20.3 5.546 <0.001 22.1 
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3.3.3.2 Multivariate Analyses 

The nMDS plots (see Figure 3.8 with two projections, (a) and (b), of the same data) of the 

13 monitored wetlands showed groupings of some wetlands, and an apparent division 

between wetland types. Data points (on both projections) for Little Broadwater stand out 

at the right of the plots, while those for Caramana and Cowans Pond stand out at the 

bottom left of the plots. Some data points for Arndilly, Ryans and Everlasting stand out at 

the top and top left of the plots. Many of the remaining data points form a tight cluster. 

The analysis indicates clear distinctions between Little Broadwater and other wetlands, 

and Caramana and Cowans Pond and other wetlands. These distinctions appear to be 

creating the appearance of a division between wetland types, but while data points for 

many of the All-Water wetlands are located above in the plots, and many of the data 

points for the Rain-Only wetlands are located below, there is much overlap of data points 

of wetlands types in the tight cluster. This analysis provides a graphical version of the 

results of the ANOVA (described above), where the differences between individual 

wetlands are more important than differences between the two types of wetlands. 

ANOSIM pair-wise comparisons (see Figure 3.9) based on waterbird abundance at the 13 

monitored wetlands indicated that most wetlands were significantly different (p <0.01) to 

each other. The non-significant results, i.e. the wetlands that were relatively similar to 

each other (Edwards Creek ↔ Kennys, Edwards Creek ↔ Morans and Kennys ↔ 

Morans) could be attributed to few birds being observed at these wetlands. The other non-

significant results of, Arndilly ↔ Ryans and Gills ↔ Woodwards, probably genuinely 

indicated similar counts of the same species of birds. These non-significant results 

explain why the nMDS plot showed many of the data points for these wetlands in a tight 

cluster. 

SIMPER analysis (see Table 3.11) of the 13 monitored wetlands indicated the species 

contributing collectively to ~90% of the abundance for the two wetland types, 11 species 

for All-Water wetlands and 13 species for Rain-Only wetlands. Of these, the three most 

abundant species for All-Water wetlands were Grey Teal, Black-winged Stilt and Black 

Swan, and for Rain-Only wetlands were Eurasian Coot, Pacific Black Duck and Grey 

Teal. Of species contributing most to similarity, Pacific Black Duck and Grey Teal were 

among the three highest for both All-Water and Rain-Only wetlands. All-Water wetlands 

appeared to favour Cattle Egret, Black-winged Stilt, Chestnut Teal and Intermediate 
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Egret, while Rain-Only wetlands supported most individuals of Eurasian Coot, Comb-

crested Jacana, White-necked Heron, Australasian Grebe, Australian Wood Duck and 

Hardhead. The relative values for each species provide an explanation for the distribution 

of data points in Figure 3.8. Relatively high counts for various species, particularly ducks 

and Black Swan, spread the distribution of the data points of some wetlands, but the 

cluster of data points was attributable to low counts for many of the same species in both 

All-Water and Rain-Only wetlands (species not marked in bold in Table 3.11).  

Principal Component Analysis (PCA) of the 13 wetlands provides explanation for the 

contribution to similarity for each species by SIMPER (discussed above). Values for the 

five principal components (PCs) and their contribution to variation, and values for each 

PC for selected species, are listed in Table 3.12. As shown, the five PCs collectively 

constituted over 60% of the variation with PC 1 comprising over 32% and PC 2 

comprising over 14%. PCs 3, 4 and 5 collectively comprised <14% variation. To show 

the species most contributing to the variation in the waterbird community between 

wetlands, The 10 species of highest PC1 value, and 10 species of lowest PC2 value are 

listed in Table 3.12. Threatened species are also listed to show their relative contributions. 

As shown, Grey Teal, Pacific Black Duck and Australasian Grebe are dominant in both 

high PC1 values and low PC2 values. Grey Teal had the highest PC1 value and Eurasian 

Coot the lowest PC2 value. Black-winged Stilt, Black Swan and Cattle Egret also had 

high PC1 values, while Hardhead and Australian Wood Duck also had low PC2 values. 

Threatened species had relatively low PC values in magnitude except Comb-crested 

Jacana with a strongly negative PC2 value. The Magpie Goose, and Buff-banded Rail 

(not listed in Table 3.12), were the only species to record negative PC1 values. 
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(a) 

 
 

 
(b) 

Figure 3.8. nMDS plot of waterbird species and abundance at 13 wetlands: (a) individual 
wetlands, and; (b) water source. (Plots generated from the same data) 
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Figure 3.9. ANOSIM (analysis of similarity with 99,999 permutations): pair-wise tests 
for similarity among 13 wetlands (based on abundance data of 53 waterbird species with 
fourth-root transformation). The pairs highlighted were not significantly different (i.e. p 
>0.01) with p values indicated, while all other pairs were significantly different (* = p 
<0.0001, ** = p <0.001 and *** = p <0.01). 
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Table 3.11. SIMPER (Bray-Curtis similarity percentages) analysis of species contributing 
collectively to ~90% of the abundance for two wetland types. Analysis is of average 
abundance of each species, and contribution to similarity by each species, in 13 wetlands 
(six All-Water wetlands and seven Rain-Only wetlands). Species are listed in order of 
contribution to similarity. The three species of highest average abundance in each group 
are highlighted. Species in bold indicate those that are among the ~90%-abundance only 
in that type wetland (but could occur in low abundance in the other type wetland). 

Species Abundance Contribution to 
Similarity (%) Cumulative (%) 

All Water Wetlands    

Pacific Black Duck 21.12 16.13 16.13 
Masked Lapwing 8.62 14.64 30.78 
Grey Teal 85.57 14.23 45.01 
Black Swan 39.45 10.07 55.07 
White-faced Heron 6.08 8.15 63.23 
Straw-necked Ibis 11.37 7.58 70.80 
Cattle Egret 19.28 6.31 77.11 
Black-winged Stilt 27.98 4.96 82.07 
Chestnut Teal 6.62 4.15 86.23 
Purple Swamphen 11.52 2.65 88.88 
Intermediate Egret 6.85 1.52 90.40 

    
Rain-Only Wetlands    

Pacific Black Duck 11.45 25.29 25.29 
Purple Swamphen 3.65 17.00 42.29 
Grey Teal 9.22 11.66 53.95 
Eurasian Coot 26.82 8.54 62.50 
Masked Lapwing 1.84 5.25 67.75 
Black Swan 3.69 4.71 72.46 
Comb-crested Jacana 1.89 3.78 76.24 
White-faced Heron 1.32 3.68 79.92 
White-necked Heron 1.63 2.77 82.68 
Australasian Grebe 4.15 2.58 85.26 
Australian Wood Duck 4.45 2.35 87.61 
Hardhead Duck 4.61 2.31 89.92 
Straw-necked Ibis 1.61 1.86 91.78 
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Table 3.12. Principal Component Analysis of 13 wetlands (based on abundance data of 
53 waterbird species with fourth-root transformation). (a) Contribution of principal 
components (PC) to analysis; (b) list of species with the 10 highest PC1 values, and four 
threatened species, ranked in order of PC1 value; (c) list of species with 10 lowest PC2 
value, ranked in order of PC2 value. Eigenvector values (coefficients in the linear 
combinations of variables making up PCs) are listed for each of these species.  
(a) Principal 

Component (PC) Eigenvalues Variation (%) Cumulative (%) 

 1        6.72       32.4           32.4 
 2        2.99       14.4           46.8 
 3        1.27        6.1           52.9 
 4       0.84        4.0           57.0 
 5        0.77        3.7           60.7 

 
 

  Eigenvector (x 1,000)  

 Species PC1 PC2 PC3 PC4 PC5 

(b) 
Grey Teal 448 -176 -396 -110 86 

 Black-winged Stilt 320 119 -392 -244 -122 
 Black Swan 309 209 342 -52 9 
 Cattle Egret 256 85 263 415 70 
 Glossy Ibis 242 114 -156 -129 -228 
 Pacific Black Duck 236 -179 313 -139 160 
 Australian White Ibis 194 100 25 154 38 
 Australasian Grebe 184 -271 -74 88 -119 
 Masked Lapwing 182 118 22 95 83 
 Purple Swamphen 179 -48 280 -405 -419 
 Threatened Species      
 Brolga 54 91 21 3 -127 
 Black-necked Stork 49 21 -31 10 23 
 Comb-crested Jacana 3 -135 171 -207 17 
 Magpie Goose -4 5 9 11 -22 

(c) Australasian Shoveler 131 -135 -146 113 -166 
 Comb-crested Jacana 3 -135 171 -207 17 
 Dusky Moorhen 23 -158 112 -121 94 
 Plumed Whistling Duck 4 -170 4 106 94 
 Grey Teal 448 -176 -396 -110 86 
 Pacific Black Duck 236 -179 313 -139 160 
 Australasian Grebe 184 -271 -74 88 -119 
 Australian Wood Duck 71 -316 26 145 37 
 Hardhead [Duck] 105 -346 -60 202 42 
 Eurasian Coot 111 -554 89 45 -190 
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3.4. Discussion 

3.4.1 General 

Over 60 species of waterbirds were recorded at almost 50 wetlands on the floodplain, 

representing about two-thirds of Australia’s waterbird species (Kingsford & Norman, 

2002). This reflects not only the broad distributions of most waterbird species in 

Australia, but the range of habitats supported by the Clarence River floodplain. The 

maximum single count was almost 2,300 birds at one wetland, Little Broadwater. This 

wetland was outstanding, relative to the other wetlands visited and monitored, in having 

consistently high numbers of species and birds. However, other wetlands were also 

important for waterbirds locally, and the potential exists for the restoration of waterbird 

habitat at many of them. 

A range of wetland features and habitat variables affect the presence and abundance of 

waterbirds in wetlands, as indicated in Figure 3.1 and Table 3.1. This range was manifest 

in the various wetlands observed and monitored and, individually or in combination, these 

features and variables almost certainly explain the relative waterbird habitat value of each 

wetland and the results achieved in the current study. 

3.4.2 Wetland Types and Habitat Variables 

Two types of wetlands were considered most important for the improved management of 

waterbird habitat on the floodplain, Rain-Only and All-water. Results indicated that a 

distinction between these two types, based on the abundances and number of waterbird 

species, appeared to be less important than the inherent differences between individual 

wetlands. More so, the results indicated no significant differences between wetland types 

(see Table 3.10) and little similarity between each of the monitored wetlands (see Figure 

3.9). Those wetlands not significantly different in similarity, appeared to be so due to the 

very low counts of birds at those wetlands. However, individual wetlands differed greatly 

in the waterbird assemblages that they supported, and a distinction between wetland types 

remains important from a management perspective. Furthermore, some individual species 

appear to prefer one type over the other, suggesting the necessity of further investigation 

at the species level. 
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Little Broadwater stood out from other wetlands visited and monitored with having 

consistently, relatively much higher counts of numbers and species of waterbirds. Most 

obviously, this wetland was relatively large in terms of maximum size, although this 

factor was unlikely to be important alone in shaping the results, as other large wetlands 

(Edwards Creek and Morans) often had relatively few birds. Wetland size can influence 

waterbird diversity through increases in wetland heterogeneity (Paracuellos, 2006), larger 

wetlands generally having more diverse habitats, and each of greater area, than smaller 

wetlands (Colwell & Taft, 2000; Warnock et al., 2002). This appeared to be true of Little 

Broadwater which was as diverse, or more so, than other wetlands with respect to water 

depth, vegetation, salinity and pH. 

While the size of a wetland is obviously important, the sizes of the various functional 

areas that favour different species and groups within a wetland are probably crucial to 

waterbird diversity (Gawlik, 2002) as some areas are more or less accessible to the 

various groups and species (Collazo et al., 2002).  

The presence and depth of water are obviously important attributes of a wetland and 

important for waterbirds and their management (Colwell & Taft, 2000; Bolduc & Afton, 

2004). Differences in the depth and extent of water among the wetlands in the current 

study were obvious, with the large wetlands such as Edwards Creek (160 ha) and Morans 

(350 ha) often being shallow and with a low aerial extent of water, but smaller wetlands 

such as Caramana and Cowans Pond (both 7 ha) being relatively deep and with a 

relatively high percentage of their overall size remaining wet. Different species and 

groups are each likely to favour different water depths, as suggested above, with the 

accessibility of food an important issue for foraging birds (Bancroft et al., 2002; Gawlik, 

2002). Water depth is examined in more detail in Chapter 4, and as detailed there, 

adequate knowledge of the topography of wetlands is required for effective management. 

While certain species and groups may each favour a relatively narrow band of water 

depths, water level fluctuations can create a diversity in habitats over time and space (Ma 

et al., 2010), favouring overall waterbird diversity in a wetland by providing more 

foraging opportunities (Dimalexis & Pyrovetsi, 1997). Drainage of the Clarence River 

floodplain has removed, or drastically altered, the natural fluctuations of water levels on 

the local wetlands, such as tidal influences and the flood pulse, and any restoration of 

these fluctuations is likely to be important for waterbirds. 
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In an estuarine environment such as the coastal section of the Clarence River, salinity is 

likely to be an important influence on the distribution and abundance of waterbirds 

(Ysebaert et al., 2000). Salinity, or at least its relative variability, is a distinguishing 

factor between the two types of wetlands considered in this study. Although the most 

saline wetland was excluded from the ANOVA (see Table 3.10), other wetland variables, 

as outlined above, were likely to be of greater consequence in defining relative values of 

waterbird habitats. The nMDS (see Figure 3.8) and SIMPER analyses (see Table 3.11) 

clearly suggested that the wetland types were grouped separately and that various species 

favoured certain wetlands types, albeit with overlaps of both wetlands and species. The 

current study was probably limited in this regard in that all but one of the monitored 

wetlands had a mean salinity of less than 5 ppt. Salinity is an important factor in the 

management of waterbird habitat (Ma et al., 2010), and remains an important issue in the 

management of Clarence River floodplain wetlands generally (see Chapter 2). The effect 

of salinity on individual species is considered in greater detail in Chapter 5.  

Of other water quality parameters measured, temperature and pH, both are important in 

the functioning of wetlands (Boulton & Brock, 1999), however both could be considered 

difficult to manage with respect to waterbirds. Temperature is obviously a seasonal 

phenomenon and is reasonably predictable, but the possible effects of the water 

temperature in wetlands on waterbirds are largely unknown or understood in Australia. 

While it would be interesting to know if and how water temperatures influenced the use 

of local wetlands by waterbirds, the separation of this factor from ambient air 

temperatures alone is problematic, and would be difficult to monitor given the spatial and 

temporal differences in water temperatures, even within individual wetlands. It is a 

subject worthy of separate broader research, particularly with respect to patterns of 

movement by various species, and with implications for energy expenditure by individual 

birds.  

Few studies have considered the effects of wetland acidity (pH) on waterbird distribution 

(e.g., Goodsell, 1990; Halse et al., 1993) and the effects are probably more indirect via 

food and vegetative responses (Boulton & Brock, 1999). The adverse effects of acid 

sulphate soils in some local wetlands, particularly the discharge of low-pH water, have 

been successfully ameliorated by maintaining higher water levels in these wetlands for 

longer periods than had been done previously (White, 2009). Results from the current 
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study indicated that many of the wetlands had large ranges in pH including some very 

low records (pH 1.81 in one sample). An important management goal in the restoration of 

local wetlands is to simultaneously address the effects of acid sulphate soils and 

improvements to waterbird habitat. Hydrological management via floodgates offers much 

in this regard (White, 2009) (and see Chapters 2 and 8). While some wetlands in the study 

fluctuated little in pH, it is unknown if this was due to the inherent lack of underlying acid 

sulphate soils, or their current hydrological regime. This point emphasises the importance 

of broad scientific study in wetlands even if the focus of management is only on a small 

part (i.e. considering soils when focussed on waterbirds). 

Vegetation is an important habitat variable in wetlands for waterbirds, comprising both 

direct and indirect food sources, and also for its contribution to the structural attributes of 

a wetland that may assist or impede various waterbird species (Ma et al., 2010). The 

current study did not analyse how the height or density of vegetation affected waterbird 

diversity, although effects were clearly apparent. Wooded wetlands were mostly avoided 

by foraging birds, although for nesting birds, one site, Lawrence Swamp, was particularly 

important. Historically, the vegetation of the Clarence River floodplain has altered 

dramatically with a widespread clearing of taller vegetation for agriculture (see Chapter 

2). Paradoxically, wetland drainage for the same purpose has encouraged the growth of 

taller vegetation (e.g., Melaleuca quinquenervia) in what was previously marsh in some 

instances, with adverse consequences for both foraging waterbirds and water quality 

(Johnston et al., 2003). Wetlands supporting open water and marsh were clearly the 

favoured habitat of most of the foraging waterbirds observed. The height and density of 

marsh vegetation was often influenced by the grazing of livestock and Black Swans. This 

appeared to affect the use of wetlands by this and other species, and is examined in more 

detail in Chapter 6.  

Some waterbird species were sometimes observed foraging away from wetlands, for 

example in dry agricultural land, emphasising the importance of considering the 

landscape for a more complete understanding of such mobile and broadly distributed 

species (Roshier et al., 2001). This subject and other habitat variables such as wetland 

connectivity, sediment characteristics and other water quality parameters (e.g., turbidity 

and clarity, and dissolved oxygen), while not examined in the current research, are 

important for inclusion in any future studies. 
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3.4.3 Foraging Groups and Species 

The most abundant waterbird species on the floodplain were Grey Teal, Black-winged 

Stilt, Black Swan, Pacific Black Duck, Eurasian Coot, Purple Swamphen, Cattle Egret, 

Intermediate Egret, Sharp-tailed Sandpiper and the three ibis species. Counts of over 100 

were made for each at various wetlands. Dabbling and wading species are considered the 

most dominant of waterbird groups in most regions worldwide (Ma et al., 2010), and the 

results of this study were consistent with this paradigm, although Black Swans, Purple 

Swamphens and Eurasian Coot are neither dabblers nor waders. As remarked above, 

Black Swans exerted a grazing pressure that altered wetland vegetation and are therefore, 

possibly, a disproportionately important species (Lindenmayer et al., 2008), and this is 

further considered in Chapter 6. 

The maximum single count was almost 2,300 birds at one wetland (Little Broadwater). 

This is low compared to historical accounts for the region (see Chapter 2), and compared 

to other floodplains in Australia where counts sometimes exceed one million birds 

(Kingsford & Norman, 2002). However, it is indicative of the potential of this and other 

wetlands on the floodplain to support higher numbers of waterbirds than at present, if the 

wetlands are appropriately restored and/or managed.  

Of those species most abundant at the two types of wetlands analysed, seven species were 

common to both. Eurasian Coots were most abundant at Rain-Only wetlands and Grey 

Teal most abundant at the All-Water wetlands. Of other species, at fresh wetlands, 

Australasian Grebe, White-necked Heron, Hardhead Duck, Australian Wood Duck and 

Comb-crested Jacana were important, while in All-Water wetlands, Cattle Egret, 

Intermediate Egret, Chestnut Teal and Black-winged Stilt were also important. 

Some previous research categorised waterbird species as either area-dependent or area-

independent (Paracuellos & Telleria, 2004; Paracuellos, 2006), the former requiring 

deeper water, being restricted to larger wetlands, and generally scarcer because, as water 

levels fluctuated downward, they were more vulnerable to the depletion of their habitat. 

Meanwhile area-independent species were thought to be those that foraged in shallow 

water, and their foraging habitats were maintained despite water level fluctuations. This 

scenario did not seem to apply to the current study. Diving piscivores and diving 

omnivores were well represented in the smaller wetlands, particularly Caramana and 
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Cowans Pond, with the scarcest of these species, the Musk Duck, observed only at 

Caramana and Bunyip Swamp, and not at the large wetlands. The scenario would appear 

dependent on the relative bathymetries and water level management of the various 

wetlands being studied, and in the current study the large wetlands had relatively small 

areas of deep water compared to some of the small wetlands. Bathymetry, depth and area 

affects are considered more in Chapter 4. 

Threatened Species 

Comb-crested Jacanas appeared limited to wetlands, or sections of wetlands, with fresh 

water. This is consistent with what is known of the natural history of the species (Dostine 

& Morton, 2000). Local reports (Russell Jago, local naturalist, pers. comm.) have 

indicated that the jacanas often move between wetlands at night. This is consistent with 

observations in the current research of the differences in their presence, absence and 

abundance in various wetlands from one monitoring occasion to another. This would also 

explain their ability to move into suitable habitat quite quickly, and therefore leave quite 

quickly, as indicated at Little Broadwater when salinity in certain areas of the wetland 

was sufficiently low. This appeared to be more important than the presence of floating 

vegetation, another documented prerequisite for the species (Dostine & Morton, 2000). 

Brolgas and Black-necked Storks were observed only in low numbers. This is consistent 

with what is known of the natural history of the stork in Australia, usually occurring only 

singly, in pairs or small family groups (Dorfman et al., 2001). Brolgas, however, are 

known to occur in large groups (Reardon, 2007), and while historical accounts indicated 

large groups were once often sighted on the Clarence River floodplain (see Chapter 2), 

there have been occasional recent sightings (since 2005, supported by photographs) of 

groups of up to 100 (Peter Wilson, pers. comm.). While the diet of each species differs 

markedly from the other, both appeared to favour the shallow areas of wetlands, so 

restoration that increased the extent of these areas would be expected to favour both. 

Magpie geese are most prolific in the tropics with counts of more than 100,000 often 

recorded at individual wetlands, wetland complexes or floodplains of northern Australia 

(Bayliss & Yeomans, 1990; Morton et al., 1990). The numbers recorded in the current 

study were very low in comparison. Historically, the species was widespread in southern 

(temperate and sub-tropical) Australia (Nye et al., 2007) including on the Clarence River 

floodplain (see Chapter 2) but is now uncommon. While the species appeared to prefer 
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fresh wetlands in this study, much more needs to be known about this species locally and 

in temperate regions, if wetland management is to be effective in restoring its habitat. For 

example, the apparent differentiation between night-time foraging sites and day-time 

roosting sites needs further investigation. Possibly, this was a behavioural response to 

foraging in the cold water at night, or a predator avoidance strategy. Also, and although a 

temporary local resident, nesting in small numbers, the species seems absent from the 

floodplain for extended periods of one or months at a time. Where individual birds go to, 

or come from, is unknown. Much could be learned about this species in southern 

Australia by employing, for example, satellite tracking technology.  

Migratory Waders 

Few migratory wader species (six) were present in the Rain-Only and All-Water 

wetlands, and generally in low numbers when they were. Their presence generally 

coincided with low water levels producing exposed flats, similar to conditions observed at 

the tidal (Type 3, see Introduction above) wetlands of the lower estuary. In this regard, 

the observations in this study suggest that the Rain-only and All-Water wetlands are 

probably supplementary foraging sites to the core habitats of the open lower estuary 

wetlands where much larger numbers of these, and other migratory wader species, are 

regularly recorded (Sandpiper Environmental, 2004).  

3.5. Conclusions 
Despite historical drainage and degradation of its wetlands, the Clarence River floodplain 

supports a high diversity of waterbirds and a variety of waterbird habitats. Although 

reduced in ability to support large numbers, compared to historical accounts, the wetlands 

are locally important for many species, including for species listed as threatened. The 

current study indicated that there are important differences between wetlands on the 

floodplain that determine their relative waterbird habitat values. These differences can be 

inherent, but often they are the result of current management practices, most commonly 

hydrological manipulation to maintain artificially low water levels with low salinity.  

In this study, large wetlands were often observed to have more species and more birds, 

although relatively small wetlands were also important for waterbirds, appearing to be 

less directly affected by drainage and maintaining deeper water for longer periods. Many 

larger wetlands appeared limited in their potential as waterbird habitat by maintenance of 
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very low water levels. There would appear to be more potential for restoration of 

waterbird habitat at larger wetlands due to the effect that hydrological manipulation might 

have at these sites. 

While there are a range of habitat variables affecting the presence and abundance of 

waterbird species, water levels and salinity are the two most manageable variables at local 

wetlands. It appears likely that manipulation of these could be undertaken to affect many 

of the other variables in a way that would benefit waterbirds. The responses of individual 

species and groups of waterbirds to water depth and salinity are examined more closely in 

Chapters 4 and 5. 
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Chapter 4 

The effect of water depth on the distribution and abundance of 

waterbirds in wetlands of Clarence River floodplain 

4.1. Introduction 

4.1.1 General 

Water depth is important to waterbirds (Bancroft et al., 2002; Bolduc & Afton, 2008; 

Robertson & Massenbauer, 2005). Waterbirds depend on water for foraging and this is 

often manifested in morphological differences such as leg length and shape, and bill 

length and shape that relate to varying food preferences, with different species exploiting 

different depths across the wetland resource (McFarland et al., 1979).  

Historically, there has been a dramatic decline in waterbird numbers on the Clarence 

River floodplain due to drainage of floodplain wetlands (Chapter 2). Effective restoration 

of waterbird habitat requires more information on wetland attributes (Chapter 3). The 

results in this chapter may provide important information to managers on how 

manipulating water levels may benefit waterbirds, and more broadly, how restoring flood 

regimes may reverse the decline in waterbird numbers.  

Waterbirds and water depth 

Although waterbirds are opportunistic feeders (Bolduc & Afton, 2004), and can readily 

alter their diets and locations, their different morphological attributes do limit the range of 

food that they take (Robertson & Massenbauer, 2005). Water depths can change in 

wetlands, often unpredictably and sometimes rapidly, changing foraging and nesting 

habitat, and establishing or removing thresholds within which different waterbird species 

can forage (Bancroft et al., 2002). Furthermore, species-specific relationships with water 

depth are confounded by other habitat variables (Bolduc & Afton, 2008). 

Optimal depths: distribution 

Species of waterbirds forage at different depths (Bolduc & Afton, 2004) and their 

ecologies are closely tied to the distribution and abundance of their food (Safran et al., 

1997). Some species (particularly shorebirds) forage primarily on exposed beach and mud 
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flats (Lane, 1987), or depths <10 cm (Safran et al., 1997). Wading birds and dabbling 

duck species prefer shallow (<20 cm) sites (Colwell & Taft, 2000), some waterfowl 

prefer a minimum of 20 cm (Safran et al., 1997), and larger diving piscivores, such as 

cormorants, prefer depths of at least 100 cm (Halse et al., 1993). 

Various studies globally have shown that highest overall abundances and diversity of 

waterbirds (particularly waders) are in shallow wetlands (Custer & Osborn, 1978), with 

the maximum depth often being about 20 cm (Colwell & Taft, 2000), or 25 cm to 30 cm 

(Robertson & Massenbauer, 2005). Precisely how depth affects abundance and diversity 

is likely to be quite site- and species-specific and confounded by other habitat variables. 

Furthermore, “water depth within wetlands can vary greatly and unpredictably over time, 

comparisons of water-bird abundance among wetlands is difficult, and species-specific 

relationships between bird abundance and water depth necessarily are non-linear” 

(Bolduc & Afton, 2008). 

The range of depths used by various waterbird species indicates that manipulating water 

depth can benefit many species if undertaken appropriately (Safran et al., 1997). In a 

study in California, Colwell and Taft (2000) found waterbird densities correlated 

consistently with water depth, and although wetland size and topographic variation did 

not correlate with densities, they did correlate positively with number of species. In 

Australia, the ecology of waterbirds is strongly influenced by the continent’s climatic 

variability and subsequent hydrological variability in its wetlands (Kingsford & Norman, 

2002).  

The variation in water depths associated with natural flooding and drying disturbances is 

very important in maintaining high biodiversity in Australian wetlands (Kingsford et al., 

2004). Nevertheless, Australian waterbirds follow global patterns in ecological function, 

and many species are widespread and not endemic to Australia. Not surprisingly, results 

of studies of waterbirds and water depth in Australian wetlands fit the broader scientific 

literature, supporting the principle that waterbird foraging is limited by water depth 

(Robertson & Massenbauer, 2005). 

Wetlands as Waterbird Habitat 

Wetlands are rarely a single depth (i.e. saucepan-shaped) but a continuum of depths, 

including moist surfaces above the waterline, or areas that have dried at least temporarily. 
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Wetland morphology determines how water-level fluctuations influence their ecosystems, 

with shallow wetlands or those with large shallow margins, being the most sensitive to 

changes in depth (Wantzen et al., 2008). Importantly, the consequences of variations in 

depth for waterbird habitat will vary greatly depending on the wetlands’ morphology 

(Figure 4.1). The area of a wetland that wets and dries is referred to as the 

aquatic/terrestrial transition zone (ATTZ) (Junk et al., 1989), and the flooding patterns 

and subsequent water depths on this zone are particularly important for many waterbird 

species (Da Silva et al., 2006). 

 

 
 
Figure 4.1. Wetland morphology types (after "lake types" from Wantzen et al., 2008) 
indicating the “ different importance of water-level fluctuations (minimum and maximum 
water levels indicated by horizontal lines)”: (A) Large, deep wetland with steep banks, 
(B) Shallow wetland, entirely influenced by the flood pulse, (C) Combined type of A and 
B with deep central trough and extensive shallow areas, (D) “Average” wetland with 
moderate shallow areas and permanent central trough. 
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Area of wetland affecting waterbirds 

The area of a wetland would seem to be an important factor in its ability to support 

waterbird species, although due to the many contributing habitat variables, this would 

appear to be difficult to quantify. For example, in a study of an impacted (fragmented) 

wetland system of coastal Italy, area was shown to be significantly correlated to total 

species richness, although distinct species assemblages were observed in different 

wetland fragments according to the isolation of each fragment (Benassi et al., 2007).  

The loss of wetlands due to drainage is a global phenomenon causing decreases in 

waterbird diversity and abundance (Chapter 2). Meanwhile, continually full and deep 

wetlands, as is typical of water storages such as dams and reservoirs, are of lower 

biodiversity value than shallower wetlands. A study of a coastal lagoon in Argentina 

(Canepuccia et al., 2007) revealed that increases in water surface there due to rainfall, 

negatively affected the abundances and species richness of waterbirds, seemingly because 

of a loss of habitat diversity due to increased water depths depleting the area of most 

productive depths. Furthermore, the presence and abundance of most waterbirds there 

were influenced by the variability of rainfall from year to year. 

Hydroperiod 

Even less understood than water depth is the effect and importance of the length of 

inundation (hydroperiod) in wetlands on waterbirds. Hydroperiod is known to be one of 

the most important factors determining the habitat suitability for many wetland animals, 

and although long-term monitoring is required to estimate it, rapid-appraisal techniques 

have been developed for some animals such as amphibians (Mitchell, 2005). The effect of 

hydroperiod is more gradual and slower than the rapid changes in water depth. Water 

depth and hydroperiod determine vegetation community composition and density 

(Brownlow et al., 1994), for example, by either increasing or decreasing either dense 

grass or open water habitats (Bancroft et al., 2002), which in turn affect waterbird habitat. 

Wetland degradation / disturbance 

Disturbance to the water regimes of wetlands usually increases their stability to be either 

more continuously-inundated or continuously-dry (Brock et al., 1999). A waterbird study 

on the southern coast of New South Wales from 1981 to 2003 (Chafer & Brandis, 2004) 

monitored the effects of artificially-increased water depths. There was a marked increase 
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in numbers of diving piscivore species which began to breed locally, but there was a 

reduction in the diversity of waders, which feed on invertebrates in shallow water, 

attributed to the loss of intertidal mud flats and saltmarsh. Studies of waterbirds of the 

Great Lakes ecosystems (USA), linked the managed stabilization of water levels there, to 

declines in population numbers for many species (Steen et al., 2006). 

Restoration and Management 

Restoring the flood pulse to wetlands is of increasing interest to resource managers, and 

four restored hydroperiod types are recognised: short; prolonged and variable, prolonged 

slow stage; and prolonged deep (Middleton, 2002). The flood-pulse concept (Junk et al., 

1989; Junk & Wantzen, 2004) recognises the interconnection of the river channel and 

floodplain for biological productivity, decomposition, consumption and succession. In 

this regard, wetland restoration requires not only a reinstatement of the flood pulse, but a 

reversal or modification of engineering, with knowledge and understanding of the 

wetland biota. 

Restoration and management are driven by site- and species-specific issues. In the Florida 

Everglades attempts to restore habitat for wading birds have focussed on restoring natural 

hydrologic cycles (Bancroft et al., 2002), although recent studies there suggest higher 

water levels can decrease prey availability to waders, and artificial sites such as storm 

water ponds support larger numbers than natural sites (Dale Gawlik, pers. comm., 2009). 

Gawlik (2002) proposed the hypothesis that prey availability limits wading bird 

population sizes. Therefore, effective manipulation of water levels is a potentially-

important management tool for many waterbird species. 

For managed wetlands, the main consideration is whether, and when, to increase or 

decrease water levels, and several North American studies have led to specific 

recommendations relating to water depth manipulation to enhance waterbird habitats. In 

selected wetlands in central New York state (Kaminski et al., 2006), annual draw-downs 

of water levels were recommended to generate pastures for herbivorous waterbirds, 

particularly migrating waterfowl. Similarly, research in northern Missouri (Greer et al., 

2007), recommended that, to increase seed availability for granivorous, spring-migrating 

waterfowl, managed wetlands should be flooded in spring and not autumn. Meanwhile in 

California's Central Valley (Colwell & Taft, 2000), it was recommended to flood 

wetlands to average depths of 10-20 cm, where topography can provide a range of depths 
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attractive to a large number of waterfowl and shorebird species. In a study of waterfowl in 

wetlands of the Saint John River floodplain in New Brunswick, Canada (Connor & 

Gabor, 2006), managed flooding was recommended to maximize breeding success by 

increasing the availability of interspersed open water and emergent vegetation throughout 

the breeding season. A study of managed coastal lagoons in Denmark (Holm & Clausen, 

2006) suggested active management in autumn to secure more shallow-water areas during 

the peak migration of waders, and that during the remainder of the year floodgates be left 

open in order to secure better water quality with fluctuating water levels. 

Isolating management goals for waterbirds only, can be difficult. When management 

objectives are multiple, the “win-win” situation is often sought, although sometimes a 

compromise is required. Managed, increased water levels to control aquatic macrophytes 

in western France were shown to have adverse consequences for Whiskered Terns 

Chlidonias hybridus, a species of conservation significance in Europe (Paillisson et al., 

2006). In contrast, management of wetlands in the Camargue region of France had not 

previously considered the value of commercial saltpans to Greater Flamingos 

Phoenicopterus ruber, although these saltpans now appear to be very important as refuges 

for this species in dry years (Béchet et al., 2009). 

Until recently, waterbirds have been a secondary consideration (compared to the 

management of acid sulphate soils and fish habitat) in restoration of wetlands of the 

Clarence River floodplain (Chapter 2), but opportunities for new conservation areas are 

emerging, and managers will require scientific research outcomes on which to base their 

decisions.  

Methodology – mapping and waterbird research 

Accurate and fine-scale bathymetric mapping of wetlands is difficult (personal 

observation). Waterbird research rarely includes the undertaking of such mapping, 

although “average”, “shallow” and “deep”, are commonly-used water-regime 

classifications. Infrequent sampling is a major impediment to improving the description 

of water-regimes in wetlands. Most schemes are developed with limited data, although 

some are better than others (Brownlow et al., 1994). Vegetation communities can often 

indicate water depth regimes and hydroperiod, but in the current study a more accurate 

link between water depth and waterbirds was sought.  
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Increasingly more common for ground survey mapping is the use of airborne laser 

scanning, which is believed to provide greater precision and accuracy than 

photogrammetry and radar interferometry (Chang et al., 2004). A 25-year study of 

waterbirds in wetlands in southern Western Australia (Robertson & Massenbauer, 2005) 

retrospectively employed bathymetric and airborne laser scanning surveys to create high-

resolution Digital Elevation Models of the wetlands’ topography, allowing analyses of 

water volumes, spatial areas and depth ranges against waterbird data. This provided local 

managers with information for subsequent hydrological management to benefit 

waterbirds. 

4.1.2 Aims 

The overarching aim of this study was to examine the responses of waterbirds to flooding 

regimes in selected wetlands of the Clarence Valley floodplain. In particular I 

investigated the relationship between water depth and waterbird species presence and 

abundance in these wetlands. Water depth is determined by rainfall, runoff and 

evaporation, the flood pulse, tidal influences, and management. To the extent that these 

events can be controlled, the results of this study could provide a valuable guide for 

hydrological management for the managers of these wetlands.  

In this chapter I aim to determine which water depths are important to each foraging 

group and species. If the numbers of waterbirds and species vary according to wetland 

area, there should exist relationships between areas of functional depths and particular 

species or guilds of waterbirds. It is expected that: (i) the abundance of all species would 

increase with increases in wet areas; (ii) the abundance of wading species would increase 

with increases of areas of shallow depth; and, (iii) numbers of diving species would 

increase with increases of areas of deeper water. 

4.2. Methods 

4.2.1 Study Area 

The study area (location, climate and management history) is described fully in Chapter 

2. As described there, rainfall is seasonal with wet summers and dry winters. This 

determines the natural flood pulse experienced by the wetlands, however, due to drainage 

this flood pulse has been greatly modified, but water levels can be, and are being, highly 
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manipulated by the management of floodgates both for restoration purposes and to 

enhance agricultural productivity.  

4.2.2 Survey Design and Data Collection 

The survey design for the monitoring of 13 wetlands during 2006 and 2007, including the 

repeated counts of waterbirds, was detailed in Chapter 3. As explained in that chapter, the 

depth profiles of some wetlands were determined from Digital Terrain Models, where 

these data were available at adequate vertical resolution, while others were determined 

from physical on-site bathymetric surveys. General attributes relating to water depths and 

profiles were determined for these 13 wetlands. However, as explained below, a subset of 

the data based on only 10 of these wetlands was used in the analyses for association 

between waterbirds and water depths. This meant 52 species of waterbirds were 

considered, down from 53 in Chapter 3, as the Magpie Goose was not represented in the 

data subset. 

The precise depth preferences of waterbirds is difficult to determine by direct observation 

as the exact depth where a bird is observed can not be readily verified, and furthermore, 

birds may have moved from their preferred depths due to observer presence. Therefore, it 

was necessary to measure wetland profiles, water depths over time at these wetlands, and 

waterbird numbers and species. 

Maximum Wetland Size 

Sizes of wetlands were measured approximately from topographic maps and by visually 

inspecting sites. Later, sizes were more accurately determined by combining the 

approximations with information from Global Positioning System (GPS) surveys and 

from Digital Terrain Models (Clarence Valley Council, unpublished data) (see below). 

Wetland edges were sometimes difficult to discern for size measurements, particularly in 

very flat areas, as it was difficult to determine the exact location of the water’s edge, and 

what was simply moist ground. However, this was estimated to make less than 1% 

difference between maximum and minimum area measurements.  

The total area of wetlands was established from surveys, and even though some areas of 

some wetlands were always without surface water on monitoring occasions, it was 

apparent (from bareness or vegetation) that these dry areas were part of the wetlands, and 
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that episodic flood events (short spikes) had covered these areas outside the times of 

monitoring, i.e. short flood events in between the monitoring events. These spikes in 

depths were not recorded.  

Depth Gauges 

Water depth readings at most of the monitored wetlands were taken 16 times during 2006 

and 2007 (12 and four times respectively), except: Briners (no water depth 

measurements); Gills (eight times in 2006, four in 2007); Ryans (12 times in 2006 and 

none in 2007), and; Woodwards (4 times in both 2006 and 2007). 

Depth was measured on repeated monitoring occasions at each wetland, at single or 

multiple points from gauges established at the sites, or alternative fixed measuring points, 

such as fence posts or concrete structures. Gauges were white aluminium plates 1m or 2m 

long and marked with alternate black-white 1cm-gradations. After wetlands were 

surveyed and profiled, readings of water depth on the gauges were calibrated against the 

maximum physical depths of the wetlands. 

Digital Terrain Models  

Digital Terrain Models of about half the floodplain were supplied by Clarence Valley 

Council. These were derived from a LIDAR (Light Detection and Ranging) survey (also 

known as Airborne Laser Scanning) of a proposed freeway route across the floodplain 

(Matt Foley, pers. comm.). LIDAR uses high speed laser pulses to generate three-

dimensional structural data about terrain and landscape features. Digital Terrain Models 

provided an image of 0.15m horizontal and vertical resolution, although the accuracy of 

points relative to ane another is believed to be much more accurate (Matt Foley, pers. 

comm.). LIDAR is believed to be effective in measuring the bottom of the wetland in 

water depths less than 100 cm. The “Vertimapper” function of MapInfo Geographic 

Information System (GIS) software (Pitney Bowes Software Inc., 2008), was used at the 

Clarence Valley Council offices in Grafton, and applied to the digital terrain models to 

determine contour intervals, area of land within these intervals and depth-area profiles, of 

each wetland.  
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Physical (Bathymetric) Surveys and Contour Maps 

Physical (bathymetric) surveys involved taking measurements of water depth at points at 

regular intervals at the water’s edge and within the wetland, and at obvious changes of 

grade within the wetland. Access within the wetlands was either by walking through, or at 

the edge, of the water, or from an inflatable (Zodiac) boat using either a 120 cm or 300 

cm pole to measure water depths. The locations of these points were logged via a GPS 

unit attached to an Arc Pad hand-held computer. Water depth and GPS data were 

transferred to desk-top computers at the Grafton NPWS office, and using ArcGIS 

software there, contour maps were produced for each wetland. With associated data 

outputs, depth-area profiles were produced. A potential limitation of this method was the 

inability to survey dry areas, so it was important to survey these wetlands when they were 

as full of water as possible. 

Wetland Profiles and Flood Regimes 

From the depth-area profiles created from Digital Terrain Models and contour maps, the 

depth gauge data was used to determine the flood levels at each monitoring occasion, and 

determine wet and dry areas of a wetland at any given time, and therefore the area 

between set contour intervals. Following this, all levels in between could be inferred by 

interpolating between the closest two data points in the profiles. 

Using the above techniques, depth-area sequences over time were produced at 10 

wetlands but not at Briners, Everlasting Swamp and Ryans. Suitable depth gauge 

monitoring was not conducted at Briners; access was not permitted to Ryans in 2007 to 

enable a physical survey and; at Everlasting Swamp, attempts to create depth profiles 

from previously-assembled survey data (Clarence Valley Council, unpublished data) 

proved too difficult to integrate into the GIS software within the available time. Graphs of 

water depth versus area were prepared in a hydrograph style (Wilson, 1983). 

Functional depths  

Based on relevant literature (see Introduction) and field observations, functional water 

depth zones were set at the intervals of <0 cm (Dry) , 0-10 cm, 10-20 cm, 20-30 cm, 30-

100 cm, and >100 cm. Areas of these functional water depth zones for each wetland, at 

each monitoring occasion, were calculated from the water depth monitoring data and 

wetland profiles. Absolute values were calculated, as well as mean values of each zone 
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for each wetland during the period of monitoring. (For reference, graphs of each wetland 

showing cumulative relative areas of these zones over the respective ranges in water 

depth are included in an attachment.) 

4.2.3 Data Analysis 

Associations between functional water depth zones and waterbird counts were sought by 

analysing for correlation using Minitab (Minitab, 2000), calculating the Pearson 

correlation coefficient (r) and p values. This was done by analysing for correlation 

between the area of each functional depth zone (as determined by mapping and water 

depth values above), and the number of waterbirds (for each of, total, foraging group and 

species), at each wetland at each monitoring occasion. Counts of migratory waders and 

corresponding areas of depth zones in the analyses were from the months of September to 

April only, as outside of these months these species do not typically occur in Australia 

(Lane, 1987). For total numbers, and numbers in foraging groups, all species were 

included in the analyses. However, for analyses of individual species, only those with at 

least 10 observations were included to avoid small sample sizes biasing those results. 

Analyses such as these could be criticised for pseudoreplication (Hurlbert, 1984) due to 

the autocorrelation (Pyper & Peterman, 1998) of multiple counts from the same wetland. 

Results in Chapter 3 indicated the inherent similarity of repeated counts within each 

individual wetland compared to other wetlands. The repeated counts of higher numbers of 

birds, particularly at Little Broadwater, could disproportionately affect correlations. This 

criticism is acknowledged, but the intent of the analyses was to seek ecological trends and 

significance beyond statistical significance, and differences between wetlands in areas of 

functional depth zones is an important habitat variable, that are, in themselves, likely to 

cause similarity of counts. In this regard, it was important to consider each observation 

individually under the assumption that birds would react to changed circumstances, by 

moving to more favoured water depth zones, or away from less favoured zones, but that 

variation in areas of zones within a wetland over the timeframe of this study was not 

sufficient for analysis. Nevertheless, as a check on the statistical validity, additional 

correlation analyses were undertaken between the means of areas of functional water 

depths, and the means of: (i) total numbers of waterbirds; (ii) numbers in each foraging 

group; and, (iii) numbers of each species, at each wetland over the monitoring period. A 

consequence of using the means, however, is that outlying values, i.e. low and high 
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values for both areas of functional water depth zones and waterbird numbers, are removed 

from the data set and therefore not analysed. 

 

4.3. Results 

4.3.1 General 

An overview of the 13 wetlands indicating their general flooding characteristics, their 

overall size, the maximum area that was observed to be wet during the monitoring of 

2006-07, and the average abundance and average number of waterbird species recorded at 

each wetland during this period, is presented in Table 4.1. The wetlands were all 

influenced by seasonal rainfall and runoff. While some wetlands had permanent pools, 

none was of a Type A shape (see Figure 4.1), and therefore each had some low profile 

component. For some, the flooding of these flatter areas was episodic, attributable to the 

high-impact artificial drainage at these sites. As shown, Little Broadwater, a relatively 

large wetland, had the highest average abundance of waterbirds and number of species. 

Two small wetlands, Caramana and Cowans Pond, also had relatively high abundances, 

while a large wetland, Morans, and a small wetland, Briners, both had very low average 

abundances of waterbirds and numbers of species. The bathymetric profile and 

management of a wetland determined that it could have one or more of permanent, 

seasonal or episodic components to its flood regime. Consequently, the size of the ATTZ 

(aquatic-terrestrial transition zone, i.e. the wetting and drying area) had varying relative 

importance in each wetland. 
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Table 4.1. General shape, flooding characteristics and average abundance and number of waterbird species at 13 wetlands on the Clarence River 
floodplain 2006-07 (n=16, except: Woodwards = 13; Ryans = 12). (General Shape: A to D, see Figure 4.1.) (Flood / Depth Regime: Permanent 
(P); Seasonal (S); Episodic (E).) (ATTZ = aquatic-terrestrial transition zone: estimated percentage of whole wetland.) Wetlands with the three 
highest average abundances of waterbirds are highlighted. 

Wetland General 
Shape 

Size 
(ha) 

Max. 
Wet Area 

(ha) 

Flood / 
Depth 

Regime 

Av. No. Birds 
(s.d.) 

Av. No. 
Spp. (s.d.) 

Internal topography 
& vegetation 

ATTZ 
(% 

wetland) 
Arndilly B 52 52 P-S 183 (117.7) 15 (4.1) mudflats, marsh 70 
Briners B 3 3 

P-S 13 (10.8) 3 (1.2) 
open water, floating 
macrophytes 

20 

Caramana D 6.6 6.6 P-S 191 (93.5) 13 (2.5) open water, islands 10 
Chaffin C 74 53 P-S-E 79 (45.4) 13 (5.0) open water, marsh 70 
Cowans Pond B 7 7 P-S 270 (113.6) 14 (3.4) open water, floating 

macrophytes 
20 

Edwards 
Creek 

C 165 130 S-E 24 (30.4) 4 (2.4) marsh 95 

Everlasting C *400 400 P-S-E 209 (151.1) 15 (5.3) open water, marsh 95 
Gills B 12 9.8 P-S 43 (37.3) 7 (1.7) open water, floating 

macrophytes 
10 

Kennys B 204 134 S-E 47 (62.6) 5 (3.1) mudflats, marsh 95 
Little 
Broadwater 

C 220 220 P-S 1,201 (605.4) 25 (3.5) open water, floating 
macrophytes, marsh, 
trees 

40 

Morans B 359 111 S-E 34 (51.2) 5 (3.9) marsh 95 
Ryans C 20 20 P-S-E 85 (49.5) 12 (3.1) open water, 90 
Woodwards B 3.8 3.2 P-S 35 (22.6) 8 (3.4) open water, floating 

macrophytes, marsh 
20 

* The actual wetland is approximately 2,000 ha, but only a 400-ha section could be accessed and monitored. 
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4.3.2 Waterbirds and Wetlands 

Wetland Profiles, Wet Areas and Waterbird Species and Abundance 

Data generated from surveys and digital terrain models could be used to generate images 

of wetlands. Figure 4.2 shows examples of such images. While the images themselves 

were not used in further analysis they were used to check that the data were consistent 

with field observations. The data were used to generate depth-area profiles for 10 

wetlands as shown in Figure 4.3 (there were insufficient data to profile three of the 13 

wetlands, as explained earlier). The profiles show why a single depth measurement 

provides only limited information about the range of water depths and area of water in a 

wetland. Some of the wetlands have deep pools that are very small in area relative to their 

overall size. The maximum, minimum and median of values measured during the 

monitoring period, indicated on the graphs in Figure 4.3, indicate that some wetlands 

(Edwards Creek, Kennys, Morans), although large in overall size, had mostly very low 

water levels and therefore low wet areas at the monitoring occasions. Little Broadwater 

was different, a relatively large wetland that maintained deeper water levels and therefore 

more wet area. 

The depths of the 10 monitored wetlands at each monitoring occasion are presented in 

Table 4.2, which, using the data represented in Figure 4.3, also includes the wet area of 

each wetland on each occasion. Counts of waterbird numbers and species for the 

monitoring occasions, corresponding to the depth/area data in Table 4.2, are presented in 

Table 4.3. Little Broadwater consistently had the largest wet area and highest number of 

waterbirds and waterbird species. The maximum counts for each of the 52 species 

observed at the 10 wetlands over the monitoring period are shown in Table 4.4. As 

shown, the counts were dominated numerically by some ducks and Black Swans, with a 

count of over 1,000 Grey Teal on one occasion. For some species counts were very low 

(some terns, some cormorants), sometimes represented by several individuals only. 
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(a) 

 

Chaffins

Morans

Kennys

(b) 
 
Figure 4.2. Software-generated images of wetlands: (a) (ArcGIS) contour map of 
Arndilly wetland based on physical survey data (5 cm contours shown); (b) (MapInfo) 
image of Chaffins, Kennys and Morans wetlands (approximate boundaries shown) and 
surrounds based on Digital Terrain Model data. 
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Figure 4.3. (See caption next page) 
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Figure 4.3. Depth-Area plots for 10 
wetlands derived from survey or digital 
terrain models. Horizontal lines indicate the 
maximum, median, and minimum values 
recorded of the maximum depths of each 
wetland during monitoring in 2006-07. (A 
maximum below the end of the plot 
indicates that the wetland was not observed 
at its fullest during this time. A maximum 
above the plot indicates the wetland was full 
and overflowing at that point.) 
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Table 4.2. Maximum depths (cm) of 10 wetlands at each monitoring occasion during 2006-07 with the corresponding maximum wet area (ha) 
on these occasions. (Blanks indicate that no observations were made on that occasion.) 

 MONITORING OCCASION 
Maximum depth (cm) / Maximum wet area (ha) 

  2006 2007 
WETLAND  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mar Jun Sep Dec 
Arndilly cm 51 38 55 41 32 25 23 25 56 23 37 15 28 26 34 24 
 ha 52 24 52 52 36 22 21 22 52 21 52 14 24 23 47 21 
Caramana cm 141 162 288 263 245 235 237 230 266 254 258 245 257 245 279 276 
 ha 0.8 1.1 6.6 4.2 3.5 3.1 3.2 3.0 4.3 3.8 4.0 3.5 3.9 3.5 4.9 4.7 
Chaffins cm 98 93 127 117 115 111 106 122 140 117 128 111 117 117 134 140 
 ha 24 19 45 39 37 34 31 42 53 39 46 34 39 39 49 53 
Cowans 
Pond cm 147 181 177 181 166 155 145 145 182 163 176 164 175 167 174 180 
 ha 5.4 7.0 6.9 7.0 6.8 6.3 5.1 5.1 7.0 6.7 6.9 6.7 6.9 6.8 6.9 7.0 
Edwards 
Creek cm 20 20 20 53 53 20 20 63 93 68 73 63 68 71 63 68 
 ha 0.1 0.1 0.1 18 18 0.1 0.1 43 131 59 76 43 59 69 43 59 
Gills cm   119 105 101 96 95  107 115 96 118 113 122 117 
 ha   9.6 8.4 7.9 7.3 7.2  8.5 9.3 7.3 9.5 9.1 9.8 9.5 
Kennys cm 15 38 42 38 15 38 46 38 55 20 55 30 50 46 50 38 
 ha 0.1 62 84 62 0.1 62 104 62 134 6 134 18 117 104 117 62 
Little 
Broadwater cm 88 77 103 87 80 75 72 73 76 80 97 73.5 87 86 79 74 
 ha 220 184 220 220 194 178 168 171 181 194 220 175 220 220 191 175 
Morans cm 30 5 56 46 34 31 31 33 53 42 50 36 37 29 48 45 
 ha 4 <0.1 129 70 20 8 8 16 111 52 94 28 32 4 82 65 
Woodwards cm   48 36 67 37 59 38 43 53 
 ha   2.9 2.4 3.2 2.4 3.1 2.5 2.7 3.0 
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Table 4.3. Numbers of waterbirds and numbers of species in 10 wetlands, in each of up to 16 monitoring occasions during 2006-07. (Blanks 
indicate that no observations were made at that time.)  
 MONITORING OCCASION 

No. waterbirds / No. Species 
  2006 2007 

WETLAND Total
spp. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mar Jun Sep Dec 

Arndilly 312 71 42 173 147 313 205 90 87 300 155 164 469 94 312 71 
no. spp. 44 13 14 13 16 12 15 11 12 16 17 25 10 17 9 13 14 
Caramana 51 111 169 149 148 147 242 254 294 416 271 244 188 194 51 111 
no. spp. 29 14 11 10 10 13 13 12 13 15 15 11 18 12 17 14 11 
Chaffins 24 7 21 76 135 105 105 161 65 93 54 60 105 146 24 7 
no. spp. 33 4 3 7 10 18 8 8 16 14 13 15 16 18 19 4 3 
Cowans Pond 76 155 216 287 309 399 401 358 274 337 363 422 214 294 76 155 
no. spp. 30 13 13 9 16 13 18 22 17 13 15 12 15 15 12 13 13 
Edwards 
Creek 7 0 16 72 14 7 7 2 12 9 21 0 109 59 7 0 
no. spp. 17 3 0 7 6 4 3 2 2 5 6 6 0 3 6 3 0 
Gills   15 14 7 46 28 52 20 90 21 44 11 154 
no. spp. 22   5 4 4 8 7 8 5 7 6 7 6 7 
Kennys 20 44 47 56 17 5 19 19 3 13 199 26 206 43 20 44 
no. spp. 24 4 3 6 5 5 3 2 3 2 4 9 7 14 8 4 3 
Little 
Broadwater 295 425 375 1242 2291 1425 1788 1838 1553 1752 780 924 565 1447 295 425 
no. spp. 46 17 20 23 30 24 24 28 23 27 28 28 29 23 27 17 20 
Morans 0 0 7 42 13 0 2 13 187 47 120 42 5 0 0 0 
no. spp. 18 0 0 4 7 4 0 2 4 10 8 13 6 3 0 0 0 
Woodwards   9 14 80 51 6 12 45 15 
no. spp. 24   5 4 16 7 3 6 9 8 
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Table 4.4. Maximum counts of waterbird species at 10 wetlands during 2006-07 with average and s.d. for counts of species and total numbers of 
waterbirds for all wetlands (n = 16. except Gills (n = 12), Woodwards (n = 8)). Figures in bold are the highest number of that species counted. 
Foraging groups (FG) of waterbirds: diving omnivores (do); diving piscivores (dp); wading piscivores (wp); large wading omnivores (lw); 
dabbling ducks (dd); herbivorous grazers (hg); small wading birds (sw), and; birds of prey (bp). (Scientific names are listed in Chapters 2 and 3.) 
     Wetland      

Species FG Arndilly Caramana Chaffins Cowans 
Pond 

Edwards 
Creek Gills Kennys Little 

Broadwater Morans Woodwards 

Australasian Grebe do 8 47 10 9  2  68  2 
Australian Pelican dp 5 3 12 6    6   
Australasian Darter dp 2  3 1    2   
Great Cormorant dp   1 1    1   
Pied Cormorant dp    1    2   
Little Black Cormorant dp 8 8 20 11    19  2 
Little Pied Cormorant dp 6  5 6 1 1 1 9  3 
Cattle Egret lw 12 31 13 6 100 3 10 124 25 1 
White-necked Heron wp 1 1 7 1 5 2 21 15 42 4 
White-faced Heron lw 14 4 6 1 10 2 33 32 19 1 
Eastern Great Egret wp 12 1 7 1 1  1 22  2 
Little Egret wp 6 1  1    7 1  
Intermediate Egret wp 10 2 9 4 1 2 19 110 10 9 
Black-necked Stork wp 2  4 2    3   
Brolga lw 2  1  2  3 13 5  
Glossy Ibis lw 29  27    11 173   
Australian White Ibis lw 4 2 6 1 1 6 2 177 6 4 
Straw-necked Ibis lw 30 3 11 2 12 4 37 277 15 5 
Royal Spoonbill lw 54 1 20 7  8 2 69  2 
Yellow-billed Spoonbill lw 1      1 2 2  
Plumed Whistling Duck hg 11 81  124       
Black Swan hg 188  25 3 2 4 85 840 131 6 
Pacific Black Duck dd 23 38 26 157 30 43 97 215 6 15 
Grey Teal dd 203 94 37 30 45 32 10 1,053 14 16 
Chestnut Teal dd 27 8 16 1 2 8 8 56 2  
Australasian Shoveler dd 14 12 2 14    22  2 
Pink-eared Duck dd 6 83      4   
Hardhead do 37 54 12 27    84   
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     Wetland      

Species FG Arndilly Caramana Chaffins Cowans 
Pond 

Edwards 
Creek Gills Kennys Little 

Broadwater Morans Woodwards 

Australian Wood Duck hg 1 38 5 56 1 14 2 20  1 
Musk Duck do  2         
Swamp Harrier bp 1 1 1  1  2 2 3 1 
White-bellied Sea Eagle bp 1  2     3 2  
Eastern Osprey bp 1          
Comb-crested Jacana sw   15 13  4  4  6 
Buff-banded Rail sw 2          
Dusky Moorhen hg 1 5 2 13  3 1 18  1 
Purple Swamphen hg 13 8 8 29 12 18 1 123 1 20 
Eurasian Coot do  191 2 287    21   
Black-fronted Dotterel sw 7 4      2   
Red-kneed Dotterel sw        15   
Pacific Golden Plover sw 10      18    
Masked Lapwing sw 15 4 6 18 6 5 14 71 4 21 
Sharp-tailed Sandpiper sw 21       210   
Bar-tailed Godwit sw 1          
Latham's Snipe sw 19 3 7   1 3 4   
Common Greenshank sw 20       4   
Marsh Sandpiper sw 29       17   
Black-winged Stilt sw 117 17 80   1 4 376 18 4 
Whiskered Tern dp 10       50   
Crested Tern dp        1   
Caspian Tern dp        1   
Gull-billed Tern dp 6       2   
TOTAL Spp. 52 44 29 33 30 17 20 24 46 18 22 
Average No. Birds  183.1 191.1 78.5 270.1 23.6 36.6 46.9 1201.1 33.8 32.6 
SD  117.69 93.47 45.36 113.61 30.43 23.78 62.63 605.38 51.17 25.51 
Av No Spp  14.5 13.0 12.9 14.0 4.1 6.7 5.3 25.3 4.6 8.1 
SD  4.15 2.48 5.02 3.37 2.39 1.92 3.09 3.49 3.88 4.26 
 

Table 4.4 continued 
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Water Depth and Waterbird Presence and Abundance 

The ranges of maximum depths of wetlands at which each species was observed are 

shown in Figure 4.4. Importantly, it should be noted that this is not depicting the depths at 

which each species was observed, only the maximum depths of the wetland at the time of 

observation. The lowest value for each species is the most important issue here. These 

values were less than 90 cm for nearly all species (except for Musk Duck, but it was 

observed only four times), and for those species more often observed (≥10 observations, 

37 spp) these values were less than ~70 cm, mostly 15 to 50 cm. Many of the wading 

species were observed when wetlands were of shallow depths, but more interestingly, 

many of the diving species were also recorded in wetlands of shallow water depths. This 

included the more often observed Australasian Grebe, Little Pied Cormorant and Little 

Black Cormorant. 

Figure 4.5 shows (a) the number of waterbirds, and (b) the number of species, at all 

wetlands relative to the total areas of the wetlands. As indicated, there was no significant 

correlation for abundance, although there was a significant negative correlation with 

number of species attributable to the consistently low number of species at many of the 

larger wetlands.  

Figure 4.6 shows (a) the number of waterbirds and (b) the number of species, against the 

wet areas of each wetland at each monitoring occasion. In contrast to Figure 4.5, these 

graphs indicate highly significant positive correlations for both abundance and number of 

species, implying a very strong positive relationship between the area of water in a 

wetland and numbers of waterbirds and numbers of species occurring. However, these 

significant results are attributable to high numbers of birds counted at Little Broadwater 

at each monitoring occasion (as indicated, and see Table 4.4), and if data for this wetland 

are excluded, the results in this analysis are statistically not significant. 
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Figure 4.4. Ranges of maximum water depths (cm) at which 52 waterbird 
species were observed in 10 wetlands during 2006-07. Species listed in Foraging 
Groups.  
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Figure 4.5. (a) number of waterbirds, and (b) number of species: at 10 wetlands during 2006-
07 measured by the total area of wetlands (Correlation - Pearsons (a): r = 0.144, p = 0.080, df 
146; (b): r = -0.164, p = 0.046, df 146). Data points for the Little Broadwater wetland are 
highlighted. 
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Figure 4.6. (a) number of waterbirds, and (b) number of species: at 10 wetlands during 2006-
07 measured by the wet area of wetlands (Correlation - Pearsons (a): r = 0.663, p <0.001, df 
146; (b): r = 0.537, p <0.001, df 146). Data points for the Little Broadwater wetland are 
highlighted. (Wet area determined by depth gauge monitoring and bathymetric mapping of 
each wetland.) 
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Areas of Functional Depth Zones 

Table 4.5 shows the mean areas of the functional depth zones for each of the wetlands. 

These data indicate not only the relative mean Total Wet areas between wetlands, but the 

relative mean area of each depth zone within and between wetlands. Little Broadwater 

had the largest mean Total Wet area (196 ha), and largest areas in the 10-20, 20-30 and 

30-100 (43 ha, 58 ha and 65 ha respectively). Edwards Creek, Kennys and Morans, 

despite being relatively large wetlands, had large dry areas relative to their size, and each 

of their largest depth zones were the 0-10 cm zone, ranging from 17 to 35 ha. Due to the 

wetlands’ profiles (as depicted in Figure 4.3), deep pools (>100 cm) contributed very 

little to wetland area, and a mean value for this depth zone occurred in only in three 

wetlands (Caramana, Chaffins and Cowans Pond) where each had ≤ ~ 1 ha of this zone.  

(Attachment Figure A presents graphs of the cumulative areas of water depth zones for 

each wetland. At any given water depth, e.g., from depth data in Table 4.2, the areas of 

these zones, including dry, are indicated for the entire wetland. As indicated, as depths 

change the relative areas of depth zones change within each wetland.)  

Table 4.5. Mean area of water of functional water depth zones at 10 wetlands observed 
2006-07 (n = 16, except Gills (n = 12) and Woodwards (n = 8)). The wetland with largest 
wet area (Little Broadwater) is shaded. 

   Water depth zones (cm) 

 Dry 
<0 

0 - 
10 

10 - 
20 

20 - 
30 

30 - 
100 >100 Wet 

>0 

WETLAND 

Full 
Area 
(ha) 

Mean 
Max. 
Depth 
(cm) Mean area (ha) 

Arndilly 52 33 16.6 11.7 10.2 8.8 4.8 0.0 35.3 
Caramana 6.6 243 3.0 0.4 0.3 0.3 1.6 0.9 3.6 
Chaffins 74 118 33.8 7.2 7.7 7.3 16.3 0.2 38.8 
Cowans Pond 7 167 0.5 0.5 0.6 0.8 3.4 1.2 6.5 
Edwards 
Creek 165 52 122.9 17.1 12.1 5.6 3.9 0.0 38.7 

Gills 12 109 2.8 1.1 1.3 1.4 4.7 0.0 8.6 
Kennys 204 38 106.1 35.4 23.8 8.9 2.5 0.0 70.6 
Little 
Broadwater 220 82 24.3 29.4 42.8 58.0 65.4 0.0 195.7 

Morans 359 38 296.6 27.2 14.2 3.3 0.5 0.0 45.2 
Woodwards 3.8 48 1.0 0.4 0.6 0.6 1.1 0.0 2.8 
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4.3.3 Relationship between Depths and Waterbirds 

General 

Table 4.6 presents the results of correlative analyses of the waterbird and functional depth 

data. The depth zones 10-20, 20-30, and 30-100 cm stand out with the most significant 

positive correlations with waterbird numbers both for Foraging Groups and individual 

species, which were often supported by the analyses of means (as indicated in Table 4.6, 

and presented in the Attachment Table A). Generally, for all analyses, there were 

significant positive correlations with the Total Wet area of wetlands (with significance 

often supported by the analyses of means), and negative correlations with Dry area, some 

of which were significant, but with this significance never supported by the analyses of 

means. 

Total abundance / total species 

As shown previously (Figure 4.6), there were significant positive correlations between 

Total Wet area of wetlands and the number of waterbirds and species. Conversely, there 

were significant negative correlations between Dry area (<0 cm) and the number of 

waterbirds and species. Of functional water depth zones, there was a significant 

correlation between abundance and all zones except for >100 cm. Similarly, the number 

of species was significantly correlated with all zones, except for the 0-10 cm and >100 cm 

zones. However, significant results were only supported by analyses of means for 

correlation between abundance and areas of the 10-20, 20-30, 30-100 cm zones and Total 

Wet area, and between number of species and areas of the 20-30 and 30-100 cm zones. 

Foraging Groups 

All Foraging Groups, except diving omnivores, showed a highly significant correlation 

with the Total Wet area of wetlands. Diving Omnivores were, however, the only group to 

show a significant positive correlation with the >100cm zone (also shown in the analyses 

of means), while other groups showed either non-significant results (Dabbling Ducks and 

Diving Piscivores) or a significant negative correlation with the >100 cm zone.  

Dabbling Ducks, Diving Omnivores and Diving Piscivores were significantly, negatively 

correlated with Dry area while Birds of Prey were positively correlated there. Generally, 

all the groups were significantly correlated (mostly positively) with the areas of the 0-10, 
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10-20, 20-30 and 30-100cm depth zones, except for Diving Omnivores in the 20-30 and 

30-100 cm zones, and Diving Piscivores in the 0-10 cm zone. Diving Omnivores showed 

significant negative correlations in the 0-10 and 10-20 cm zones. When migratory waders 

were considered separately from their foraging group (Small Waders), they showed a 

significant positive correlation with the 10-20 and 20-30 cm zones and Total Wet area. 

The significant results for the foraging groups were mostly supported by the analyses of 

means for the 10-20, 20-30 and 30-100 cm zones and Total Wet area, but not for the 

significant results for the Dry and 0–10 cm zones. 

Individual Species 

Review of correlations between individual species and areas of depth zones shows that, 

often, the numerically dominant species propelled the results of the analyses of the 

Foraging Groups. This also extended to the sub-group of migratory waders, where the 

Sharp-tailed Sandpiper had this influence.  

All of the Dabbling Duck species, except Pink-eared Duck, showed positive, highly 

significant correlations with the 10-20, 20-30 and 30-100 cm depth zones and Total Wet 

area, but not the >100 cm zone. These results were supported by analyses of means 

except for Australasian Shoveler in the 10-20 cm zone. 

All the Diving Omnivore species showed significant positive correlations with the >100 

cm zone and significant negative correlations with Dry area, but results were mixed for 

other zones and Total Wet area. Only the Australasian Grebe showed significant positive 

correlations, which were with the 20-30 and 30-100 zones. The significant results for the 

species of this group were supported by analyses of means for the Eurasian Coot and 

Hardhead in the >100 cm zone. 

All the Diving Piscivore species showed significant positive correlations with the 20-30 

and 30-100 cm depth zones, and supported by the analyses of means for all species except 

the Australasian Darter in these zones. 

Of Herbivorous Grazers, Black Swans and Purple Swamphens showed significant 

positive correlations in the four depth zones from 0 to 100 cm and Total Wet area, results 

supported by analyses of means in all but the 0-10 cm zone. Australian Wood Duck, 
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Plumed Whistling Duck and Dusky Moorhen showed significant positive correlations 

with the >100 cm zone, and significant negative correlations with the 0- 10 cm zone. 

All Large Wading Omnivore species showed significant positive correlations with the 

four depth zones from 0 to 100 cm and the Total Wet area, with the exception of the 

Brolga for the 30-100 cm zone. These results were supported by analyses of means in all 

but the 0-10 cm zone, although the White-faced Heron and Brolga were also significant in 

this zone with both types of analyses. The White-faced Heron and Brolga showed 

significant negative correlations with the >100 cm depth zone. 

Results for Small Waders were mixed. Comb-crested Jacanas showed significant positive 

correlations only with the >100 cm zone, but significant negative correlations with the 

Dry, 0-10 cm, 10-20 cm zones and Total Wet area, although no results for this species 

were supported by analyses of means. Results for Masked Lapwing and Black-winged 

Stilt were similar, both with significant positive correlations in the four depth zones from 

0 to 100 cm and Total Wet area, and with significant negative correlations with the >100 

cm zone. Sharp-tailed Sandpipers showed significant positive correlations with the 10-20 

and 20-30 cm zones and Total Wet area. The Marsh Sandpiper and Latham’s Snipe were 

the only species of all those analysed (from all groups) that showed no significant results. 

All Wading Piscivores species showed significant positive correlations in the four depth 

zones from 0 to 100 cm and Total Wet area, except for the Eastern Great Egret and Black-

necked Stork in the 0-10 cm zone and White-necked Heron in the 30-100 cm zone where 

each result was non-significant. The White-necked Heron was the only species to show a 

significant positive correlation with Dry area where the result was supported by analyses 

of means. 

Of Birds of Prey, the Swamp Harrier showed significant positive correlations with the 

Dry zone and three depth zones from 0 to 30 cm and Total Wet area. However, the result 

for Dry area was not supported by analyses of means. The only significant correlation for 

the White-bellied Sea Eagle was positive in the 10-20 cm depth zone. 
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Table 4.6. Correlations between abundance of waterbird species / abundance of species in foraging group, and areas of zones of water depths 
(including Dry areas, i.e. <0 cm, and Total Wet areas. i.e. >0 cm) at 10 wetlands over 2006-07. N = number of separate observations of 
individual species. r = Pearson Correlation Coefficient, df = 146 (148-2). Significant correlations are highlighted: significant (p <0.05) and; 
highly significant (p <0.001). aCorrelations for migratory waders (as sub-group and as individual species) and depths are from September to 
April only: df = 100. Analyses of Foraging Groups are for all species observed. Analyses of species only if ≥ 10 observations. (Species listed 
within Foraging Groups.) * indicates the significant results that were also significant for analyses of means (see Attachment Table A). 
  Water Depth Zone(cm) 

  <0 (dry) 0 - 10 10 - 20 20 - 30 30 - 100 >100 >0 (total wet) 
Species / Group N r p r p r p r p r p r p r p 
Total No.s (all species) 1643 -0.2 0.006 0.2 0.004 0.6 *<0.001 0.8 *<0.001 0.5 *<0.001 0.0 0.864 0.5 *<0.001 
No. Spp 52 -0.5 <0.001 0.0 0.657 0.4 <0.001 0.6 *<0.001 0.5 *<0.001 0.2 0.067 0.7 <0.001 
Foraging Groups                
Dabbling Ducks 282 -0.2 0.035 0.2 0.005 0.6 *<0.001 0.8 *<0.001 0.4 *<0.001 -0.1 0.279 0.6 *<0.001 
Diving Omnivores 143 -0.3 <0.001 -0.3 <0.001 -0.2 0.028 -0.1 0.473 0.0 0.754 0.6 *<0.001 -0.2 0.062 
Diving Piscivores 168 -0.2 0.004 0.1 0.540 0.3 *<0.001 0.5 *<0.001 0.5 *<0.001 0.0 0.989 0.5 *<0.001 
Herbivorous Grazers 232 -0.2 0.053 0.2 0.025 0.4 *<0.001 0.6 *<0.001 0.4 *<0.001 0.0 0.988 0.5 *<0.001 
Large Wading Omn.s 331 -0.1 0.123 0.4 <0.001 0.5 *<0.001 0.7 *<0.001 0.6 *<0.001 -0.2 0.024 0.7 *<0.001 
Small Waders 263 -0.2 0.063 0.3 0.001 0.5 *<0.001 0.8 *<0.001 0.3 *<0.001 -0.2 0.035 0.6 *<0.001 
[amigratory waders] 62 -0.1 0.395 0.1 0.147 0.4 <0.001 0.4 *<0.001 0.1 0.345 -0.1 0.196 0.3 *0.003 
[non-migratory waders] 201 -0.1 0.070 0.3 0.002 0.5 *<0.001 0.8 *<0.001 0.3 *<0.001 -0.2 0.050 0.6 *<0.001 
Wading Piscivores 186 0.0 0.719 0.3 <0.001 0.5 *<0.001 0.6 *<0.001 0.5 *<0.001 -0.2 0.031 0.6 *<0.001 
Birds of Prey 38 0.2 0.044 0.3 <0.001 0.3 *<0.001 0.3 *<0.001 0.2 0.024 -0.2 0.045 0.3 *<0.001 
                 
Individual Species                        
Dabbling Ducks                
Pacific Black Duck 104 -0.3 0.002 0.0 0.605 0.3 <0.001 0.4 *<0.001 0.5 *<0.001 0.1 0.191 0.4 *<0.001 
Grey Teal 84 -0.1 0.123 0.2 0.003 0.5 *<0.001 0.7 *<0.001 0.3 *0.001 -0.1 0.130 0.6 *<0.001 
Chestnut Teal 48 -0.1 0.074 0.3 0.001 0.5 *<0.001 0.6 *<0.001 0.4 *<0.001 -0.2 0.026 0.6 *<0.001 
Australasian Shoveler 34 -0.2 0.015 0.1 0.338 0.3 0.001 0.4 *<0.001 0.2 *0.003 0.1 0.323 0.3 *<0.001 
Pink-eared Duck 12 -0.1 0.161 -0.1 0.106 -0.1 0.168 -0.1 0.367 0.0 0.575 0.2 0.011 -0.1 0.186 
Diving Omnivores                        
Australasian Grebe 59 -0.3 0.002 -0.1 0.228 0.1 0.305 0.3 <0.001 0.2 0.006 0.3 <0.001 0.2 0.027 
Hardhead [Duck] 40 -0.2 0.003 -0.2 0.028 -0.1 0.490 0.1 0.079 0.1 0.107 0.4 *<0.001 0.0 0.654 
Eurasian Coot 40 -0.2 0.003 -0.3 0.001 -0.2 0.010 -0.2 0.062 -0.1 0.228 0.6 *<0.001 -0.2 0.008 
Diving Piscivores                        
Australian Pelican 41 -0.2 0.004 0.0 0.879 0.2 0.029 0.4 *<0.001 0.5 *<0.001 0.0 0.796 0.4 *<0.001 
Australasian Darter 25 -0.2 0.018 -0.1 0.192 0.0 0.553 0.2 0.038 0.3 0.002 0.1 0.140 0.1 0.082 
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  Water Depth Zone(cm) 
  <0 (dry) 0 - 10 10 - 20 20 - 30 30 - 100 >100 >0 (total wet) 

Species / Group N r p r p r p r p r p r p r p 
Little Black Cormorant 35 -0.2 0.010 -0.1 0.268 0.0 0.576 0.2 *0.008 0.5 *<0.001 0.1 0.122 0.3 0.001 
Little Pied Cormorant 50 -0.3 0.001 0.0 0.949 0.2 0.024 0.3 *<0.001 0.5 *<0.001 0.0 0.995 0.4 <0.001 
Herbivorous Grazers                        
Plumed Whistling Duck 13 -0.2 0.069 -0.2 0.038 -0.1 0.071 -0.1 0.186 -0.1 0.425 0.5 *<0.001 -0.1 0.077 
Black Swan 69 -0.1 0.313 0.2 0.007 0.4 *<0.001 0.6 *<0.001 0.3 *<0.001 -0.1 0.115 0.5 *<0.001 
Australian Wood Duck 43 -0.2 0.003 -0.3 0.001 -0.2 0.012 -0.1 0.182 0.0 0.833 0.4 *<0.001 -0.2 0.063 
Dusky Moorhen 32 -0.2 0.005 -0.2 0.049 -0.1 0.485 0.1 0.240 0.1 0.099 0.5 *<0.001 0.0 0.721 
Purple Swamphen 75 -0.2 0.043 0.2 0.005 0.5 *<0.001 0.7 *<0.001 0.4 *<0.001 -0.1 0.347 0.6 *<0.001 
Large Wading Omn.s                        
Cattle Egret 48 -0.1 0.137 0.2 0.003 0.5 *<0.001 0.7 *<0.001 0.7 *<0.001 -0.1 0.083 0.7 *<0.001 
White-faced Heron 94 0.0 0.925 0.5 *<0.001 0.6 *<0.001 0.5 *<0.001 0.3 *<0.001 -0.2 0.003 0.6 *<0.001 
Brolga 25 0.1 0.157 0.4 *<0.001 0.5 *<0.001 0.3 *<0.001 0.1 0.365 -0.2 0.039 0.4 *<0.001 
Glossy Ibis 22 -0.1 0.190 0.3 <0.001 0.5 *<0.001 0.8 *<0.001 0.4 *<0.001 -0.2 0.058 0.6 *<0.001 
Australian White Ibis 43 -0.1 0.259 0.2 0.037 0.2 *0.005 0.3 *<0.001 0.5 *<0.001 -0.1 0.270 0.4 *<0.001 
Strawnecked Ibis 66 -0.1 0.344 0.3 0.002 0.2 *0.003 0.4 *<0.001 0.4 *<0.001 -0.1 0.167 0.4 *<0.001 
Royal Spoonbill 25 -0.1 0.133 0.2 0.024 0.3 *<0.001 0.4 *<0.001 0.4 *<0.001 -0.1 0.158 0.4 *<0.001 
Small Waders                        
Comb-crested Jacana 41 -0.3 <0.001 -0.3 <0.001 -0.3 0.002 -0.1 0.074 -0.1 0.541 0.4 <0.001 -0.2 0.007 
Masked Lapwing 103 -0.2 0.040 0.3 0.001 0.5 *<0.001 0.8 *<0.001 0.5 *<0.001 -0.2 0.013 0.7 *<0.001 
aSharp-tailed Sandpiper 12 0.0 0.713 0.1 0.171 0.4 *<0.001 0.4 *<0.001 0.1 0.462 -0.1 0.440 0.3 *0.005 
aLatham's Snipe 27 -0.2 0.096 -0.1 0.549 0.0 0.895 0.1 0.183 0.0 0.788 -0.1 0.235 0.0 0.729 
aMarsh Sandpiper 11 -0.1 0.244 0.1 0.422 0.1 0.247 0.2 0.054 0.1 0.212 -0.2 0.146 0.2 0.097 
Black-winged Stilt 46 -0.1 0.133 0.3 0.001 0.5 *<0.001 0.7 *<0.001 0.3 *<0.001 -0.2 0.040 0.6 *<0.001 
Wading Piscivores                        
White-necked Heron 49 0.3 *<0.001 0.4 *<0.001 0.4 <0.001 0.2 0.037 0.1 0.424 -0.2 0.041 0.3 0.001 
Eastern Great Egret 42 -0.2 0.045 0.1 0.080 0.4 *<0.001 0.6 *<0.001 0.4 *<0.001 -0.2 0.064 0.5 *<0.001 
Little Egret 26 -0.2 0.043 0.2 0.033 0.3 <0.001 0.4 *<0.001 0.4 *<0.001 -0.1 0.070 0.4 *<0.001 
Intermediate Egret 52 -0.1 0.229 0.2 0.012 0.3 *<0.001 0.5 *<0.001 0.4 *<0.001 -0.1 0.185 0.5 *<0.001 
Black-necked Stork 17 -0.2 0.066 0.1 0.405 0.2 0.034 0.3 *<0.001 0.3 *<0.001 -0.1 0.118 0.3 *0.001 
Birds of Prey                        
Swamp Harrier 27 0.2 0.002 0.4 *<0.001 0.3 *<0.001 0.3 <0.001 0.1 0.073 -0.2 0.032 0.3 *<0.001 
White-bellied Sea Eagle 10 0.0 0.808 0.1 0.432 0.2 0.049 0.1 0.167 0.1 0.110 -0.1 0.548 0.2 0.064 
                 
 

Table 6 continued 
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4.4. Discussion 

4.4.1 Depth Measurements and Waterbirds 

Most importantly, the results detail the different bathymetric shapes and flooding regimes 

of different wetlands, explaining why some wetlands support more species, and in higher 

abundances, than others. The results clearly indicate the importance of shallow water in 

wetlands. For most species, water depths of <100 cm are the most important feature of a 

wetland, and this is where most species appear to forage and rest. This has important 

implications for management, as discussed below.  

The results show how water depth was often non-uniform in the monitored wetlands due 

to basin shapes and internal topography. The mapping undertaken together with the 

subsequent calculations of changing areas of functional water depths, as described in this 

chapter, are superior to single measurements of depth in describing waterbird habitat.  

Review of correlation analyses 

The use of the series of correlations in the current study provided excellent and revealing 

results, although it must be remembered these were measures of association and not 

necessarily causality (cf. Henderson, 2005). Due to wetland profiles and flooding 

regimes, associations between different species and depth zones may appear statistically 

significant, but not be ecologically valid. Nevertheless, when considered in their 

ecological context, these associations with water depth, based on such a strong data set, 

provide very plausible explanations for the distribution and abundance of many species. 

4.4.2 Numbers of Waterbirds & Numbers of Species 

The abundance of waterbirds and number of species at a wetland was clearly associated 

with the amount of water present rather than the actual size of the wetland. Many larger 

wetlands had relatively few birds and few species (see Tables 4.1 and 4.4, and Chapter 3). 

A significant negative correlation between the number of species and total area of 

wetlands is attributable to many of the larger wetlands having consistently small areas of 

water relative to their size. Total wetland area is therefore an inadequate measurement of 

waterbird habitat, although it may be useful for considering potential additional habitat 

for restoration. 
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The abundance of waterbirds and number of species appear to increase with increasing 

areas of water. Although the results of the analyses were likely to be strongly influenced 

by one wetland (Little Broadwater) and numerically dominant species, consideration of 

all species and analyses using means of counts from each wetland, indicate the 

importance of shallow water depths (<100 cm), and particularly depths from 20 to 100 

cm. Results (see Figure 4.4) showed that nearly all species were observed in water depths 

less than 90 cm. The results clearly support previous research (Bancroft et al., 2002; 

Colwell & Taft, 2000) that waterbirds are most abundant in shallow wetlands.  

4.4.3 Important Depths for Foraging Groups and Species 

Foraging Groups 

Shallow depths were most important to all foraging groups except Diving Omnivores. 

This group was the only one that appeared to increase in numbers with increasing areas of 

water depths >100 cm, but not with shallow depths. This result was expected for this 

group as deeper water would be expected to offer additional foraging habitat to these 

species. Surprisingly, there was not a similar result for Diving Piscivores which, as a 

group, were associated most with the depth zones from 10 to 100 cm.  

Associations between each of the wading groups and shallow depths were as expected. 

Large Wading Omnivores, Small Waders and Wading Piscivores were each associated 

with the depth zones up to 100 cm, which, collectively, constitute the sites where they 

would be expected to forage. Dabbling Ducks showed associations similar to the wading 

groups, although associations with depths over 30 cm were not necessarily expected as 

this depth might be near the limit at which they could undertake dabbling activities.  

Birds of Prey were associated with shallow areas and also dry areas, possibly because 

prey items were also present there. Herbivorous Grazers, as a group, were also associated 

with shallow areas, and this was expected because their dietary items of aquatic 

macrophytes grow in these areas. 

Species 

It was important to analyse each species in respect to its associations with depth because 

this revealed interesting and surprising results. By reviewing results for each species it is 

apparent that results for foraging groups appear strongly influenced by the one or more 
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species that was most abundant and most observed within that group, with the less 

abundant species not necessarily following the groups’ trends.  

Of the Dabbling Ducks, the Pink-eared Duck was atypical in showing no association with 

shallow depths which is either an aberration of the analysis or an indication that this 

species actually does prefer to forage in deeper areas than do the Pacific Black Duck, 

Grey Teal and Chestnut Teal. 

While each of the Diving Omnivores showed an association with deeper water, the 

Australasian Grebe also showed an association with shallower depths (20 – 30 cm) which 

might be expected but so might the Hardhead and Eurasian Coot, although no 

associations were shown for them. 

Each of the Diving Piscivores species followed the group’s trend, interesting in that no 

species showed association with deeper water. This could be linked to prey availability 

(Gawlik, 2002) where prey items (e.g., fish) are easier to catch in shallower depths. This 

might be of particular benefit for the Australian Pelican, which doesn’t actually dive, 

where prey items are less able to escape far enough away from the surface where it 

forages. The association of Little Pied Cormorants and Little Black Cormorants with 

shallow depths, and observations of them in shallow wetlands, is an important finding of 

this study, and is contrary to a suggestion in previous studies (Halse et al., 1993) that 

cormorants require a minimum depth of 100 cm in wetlands. This difference may be 

explained by: previous studies inadequately surveying water depths; cormorants 

exploiting sub-optimal habitat in the current study; or, prey availability and distribution 

varying between regions and specific sites. 

Herbivorous Grazers appeared as two groups. Black Swans and Purple Swamphen were 

associated with shallow depths, while Plumed Whistling Duck, Australian Wood Duck 

and Dusky Moorhen were associated with deeper water. Again this could be an aberration 

of the analyses or reflect a genuine habitat and resource partitioning, possibly reflecting 

the growth of a preferred food source that was associated with deeper wetlands regardless 

of where the food was growing or where the birds were foraging. 

Large Wading Omnivore species were associated with shallow depths almost uniformly, 

although the White-faced Heron and Brolga were more strongly associated with the 

shallowest zone (0 - 10 cm) than other species. These general results were expected as 
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each of these species is among the most obvious of waterbirds in the local wetlands, due 

to their large size and frequency of observation. The only possible surprise was the lack 

of association with dry areas, as some of these species (Cattle Egret, Australian White 

Ibis and Straw-necked Ibis) have been often observed on dry agricultural areas away from 

wetlands (Chapter 3).  

The trend for Small Waders was driven by the associations of Masked Lapwing, Sharp-

tailed Sandpiper and Black-winged Stilt with the depth zones from 10 to 100 cm. 

However, Latham’s Snipe and Marsh Sandpiper showed no association with any depth 

zones. Possibly this was due to an aberration of analyses because the Marsh Sandpiper 

was observed in low numbers on relatively few occasions, even though this species would 

be expected to favour shallow depths. However, results for Latham’s Snipe could 

genuinely reflect this species’ lack of association with water depth, as it was mostly 

recorded in long grass at the edges of wetlands (Chapter 3), a site characteristic not 

associated with changes in water depth zones. Results for Comb-crested Jacana were 

surprising, and although showing no significant results from the analysis of means, raw 

data analysis showed a positive association only with depths >100 cm, and negative 

association with Total Wet and Dry areas and the 0 – 10 cm zone. The Comb-crested 

Jacana would be expected to associate with shallow depths, not deep, because it was 

observed almost exclusively on wetlands with floating macrophytes, which occur mostly 

at shallow depths (Chapter 3). These plants were not only lilies with purposed-floating 

leaves, but also mats of decaying grass and sedge, sometimes in shallow water. Comb-

crested Jacanas are known to inhabit freshwater wetlands (Dostine & Morton, 2000) 

(Chapter 5), so habitat variables additional to water depth might override the associations 

sought in these analyses. 

All the wading piscivore species were associated with shallow water, an expected result. 

However, the White-necked Heron was also associated with dry areas which may be 

attributed to its habit of also foraging in the moist areas of the wetlands where there was 

little or no surface water. 

Of the two Birds of Prey, the White-bellied Sea Eagle showed association only with the 

10 -20 cm zone although there were relatively few observations and each count was low 

(1 to 3). The Swamp Harrier showed associations with depth zones from 0 to 30 cm and 
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dry areas, reflecting where it was observed foraging, which was particularly in (and over) 

the densely growing sedge in the shallow areas and areas flooded intermittently. 

4.4.4 Explanation of Results 

Wetlands - Why did Little Broadwater have more birds? 

In light of the correlation analyses (Table 4.6), water depths and wetland profiles (Tables 

4.2 and 4.5, and Figure 4.3) explain the relative abundance of birds and number of species 

at the wetlands (Tables 4.3 and 4.4). Morans, a large wetland, consistently, had little 

water and recorded few birds and few species. Caramana, a small wetland, had 

consistently deep water and high numbers of birds although numerically dominated by 

swimming and diving birds (ducks, coots and grebes) with low numbers of waders. 

Meanwhile, Little Broadwater, where the highest abundances and number of species were 

recorded, was a wetland with consistently larger areas of shallow-water, a continuous 

wetting and drying of fringe areas, and a permanent, central pool of deep water. Counts of 

birds at Little Broadwater appeared to drive the results of many correlations, although 

many results remained statistically significant when the data set was moderated with the 

analyses of means, providing validity to the initial analyses. 

Little Broadwater maintained a range of water depths throughout the monitoring period, 

often with the largest area of each depth zone compared to other wetlands. These 

relatively large areas, and variety of water depths, explain why it supported the highest 

numbers of waterbirds and species in this study. It is probably a suitable model to follow 

for the management of many of the local, larger wetlands. However, because of the 

mobility of waterbirds, it is possible for many smaller wetlands to be of much value in the 

collective mosaic of wetlands on the floodplain, with some of these wetlands providing 

deeper water that large, shallow wetlands can not. In any case, due to the varying 

bathymetry between wetlands, each wetland has a varying potential for providing 

waterbird habitat. 

4.4.5 Further Research 

High resolution LIDAR surveys for Digital Terrain / Elevation Modelling have many 

advantages over older methods, and are increasingly being employed by local managers, a 

trend which is expected to continue (pers. obs.). From 2008 onwards, Digital Terrain 

Models have been used to great effect in Clarence wetlands. Predictions of the lateral 
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extents of natural and artificially-manipulated flood events have proved to be more 

accurate using these methods than with the mapping tools used previously (Matt Foley, 

pers. comm.). In this chapter it was shown how LIDAR could be used to map waterbird 

habitat, particularly at low resolution of vertical scales, and these are important for 

management involving the manipulation of water depths to enhance the habitats of 

various species. Continuing to use LIDAR where it is available is very desirable in any 

future research of wetlands and waterbird habitats. 

New and improved technology is likely to improve the quality of data that is collected. 

Continuous logging of depths by automatic data loggers (and subsequent calculation of 

areas) would assist greatly in understanding the flood regimes of wetlands, including 

defining their hydroperiods. The use of digital mapping technology is highly desirable 

wherever possible. 

There are only a few published studies relating Australian waterbirds to accurate water 

depth and bathymetrical information (e.g., Halse et al., 1993; Robertson & Massenbauer, 

2005). Greater understanding of the ecological association between depth zones is 

needed. In fact, while zones were established in the current study, they are, of course, an 

artificial construct, and variation in water depth is a continuum and therefore, there are 

many other ways (and zones) depth can be described and therefore analysed.  

Complex interactions, of and between, for example, flows of water, sediments, nutrients, 

plants and prey (including prey availability) (Gawlik, 2002) are likely to vary with depth 

and therefore affect waterbirds, thus providing much scope for possible future multi-

variate studies. Such studies might also include collection and analysis of data relating to 

the following: the distribution of depth zones within a wetland and their level of 

contiguousness; how combinations of depth zones affect species distributions and 

abundances; the effect of hydroperiod; and, reasons for non-significance in results. 

The aquatic-terrestrial transition zone is an area of the wetland for much more 

investigation, particularly in its dry “phase”. The current study indicated the importance 

of this zone for some waterbird species, a finding consistent with previous studies (Da 

Silva et al., 2006; Weller, 2004: p. 145). The micro-topography of many wetlands is such 

that at the edge area, the pugging effect of meandering waterbirds and livestock can 

create a landscape with dry tops but with numerous pockets of water. The frequency and 
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regularity of wetting in this zone is another aspect worthy of much consideration. The use 

of piezometers to establish sub surface water levels in this zone would assist, for example, 

research into the relationships between waterbirds and near-surface water levels, a feature 

of moist land enabling many species to probe soft sediments for prey. 

The current study was limited to 37 species, but the collection of more data on these and 

other waterbirds, would not only provide more information on less common species but 

strengthen the data set for continued and different statistical analyses. The best 

opportunities for future research may be at sites where depths can be manipulated and 

other habitat variables can be isolated. In this regard, controlled experiments at the 

conservation reserve at the Everlasting Swamp may provide suitable sites and conditions 

for inclusion in any future research locally, especially considering the difficulties 

associated with research on private land (Chapter 3). 

4.4.6 Management Implications 

Hydrological manipulation in managed wetlands can benefit waterbirds (Colwell & Taft, 

2000; Connor & Gabor, 2006; Holm & Clausen, 2006). The results of the current study 

strongly suggest that, wherever possible, most waterbird species could benefit by 

manipulating water levels on wetlands of the Clarence River floodplain. To maximise the 

abundance of waterbirds with the maximum number of species, managers should aim to 

maximise the areas of wetlands with depths of 0 to 100 cm. Managers should, as much as 

possible, employ new mapping technologies (e.g., LIDAR) to understand the habitats 

with which they are working. 

Threatened and migratory species are all likely to benefit from increases in areas of 

shallower water. However, of the threatened species (Magpie Goose, Brolga, Comb-

crested Jacana and Black-necked Stork), the relationship of the Comb-crested Jacana with 

water depth was not clarified in the current study, and Magpie Geese were not observed 

while monitoring depths in the wetlands. Nonetheless, other observations of the geese 

(see Chapter 3) suggest the species would follow trends for its foraging group, 

Herbivorous Grazers, and be associated with shallow depths where it was otherwise 

observed to forage. The Brolga appeared to associate more with shallower areas than did 

the Black-necked Stork reflecting their herbivorous and piscivorous diets respectively. Of 

the migratory waders, Sharp-tailed Sandpipers were the only species counted in sufficient 
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numbers to make valid assessments of depth preferences, while the association of 

Latham’s Snipe with long grass is an issue not easily managed by hydrological 

manipulation alone. 

4.5. Conclusions 

The overall abundance of waterbirds and total number of species increases with 

increasing wet area, but not all of the species observed increased in abundance with 

increasing wet area. For some species, other habitat variables are likely to be at least as 

important as water depth in determining their presence and abundance. The abundance of 

wading species generally does increase with increasing areas of shallow water, and the 

abundance of some diving species increases with the area of deeper water. However, 

some diving species exploit, and apparently prefer, shallow water (at least 30 cm deep).  

There are significant relationships between abundances of waterbird species and groups, 

and areas of functional water depths, with both positive and negative correlations. The 

profile of each wetland is unique, and therefore the increases and decreases in areas of 

different functional depths will differ in each wetland. These areas are, collectively, a 

very important habitat variable. 

Adequate bathymetric knowledge and therefore good surveying of wetlands is required to 

predict the flooding regime and the subsequent effect on waterbird habitat values. To this 

end, digital terrain modelling especially with LIDAR technology offers great 

opportunities. The approach used in the current study would assist conservation agencies 

locally, and at other wetland mosaics, to prioritise areas for management actions, by, for 

example, choosing wetlands with a range of water depths at various stages in the flood 

pulse. 

To encourage the presence of waterbirds, the management of wetlands should include 

maintenance of water depths, which vary, within a wetland, and over time. Shallow water 

depths (0 to 100 cm) are most important for the majority of waterbird species that occur 

on the Clarence River floodplain wetlands, but deep water (>100 cm), and areas without 

surface water, are also important for some species. 
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Figure A. Cumulative areas of 
functional water depth zones 
(including areas with <0cm water 
= no surface water present = Dry) 
in each of 10 wetlands. (At any 
given depth, 100% of the wetland 
area is shown, indicating the 
relative areas of different 
functional depths.) (The mean of 
maximum water depths recorded 
during 2006-07 is indicated.) 
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Table A. Correlations between mean abundance of waterbird species / mean abundance of species in foraging group, and mean areas of zones of water depths 
(including dry areas, i.e. <0 cm, and Total Wet areas. i.e. >0 cm) at 10 wetlands over 2006-07 (n = 16, except Gills (n = 12) and Woodwards (n = 8)). N = 
number of separate observations of individual species. r = Pearson Correlation Coefficient, df = 8 (10-2). Significant correlations are highlighted: significant 
(p <0.05) and; highly significant (p <0.001).  aCorrelations for migratory waders (as sub-group and as individual species) and depths are from September to 
April only: Analyses of Foraging Groups are for all species observed. Analyses of species only if ≥ 10 observations. (Species listed within Foraging Groups.)  
  Water Depth Zone (cm) 
  <0 (dry) 0 - 10 10 - 20 20 - 30 30 - 100 >100 >0 (total wet) 
Species / Group N r p r p r p r p r p r p r p 
Total No.s (all species)  -0.2 0.498 0.3 0.368 0.7 0.014 0.9 <0.001 0.9 <0.001 0.0 0.971 0.6 0.001 
No. Spp  -0.5 0.134 0.0 0.990 0.5 0.179 0.8 0.011 0.8 0.004 0.2 0.517 0.9 0.057 
Foraging Groups                
Dabbling Ducks 282 -0.2 0.524 0.4 0.320 0.8 0.009 1.0 <0.001 1.0 <0.001 -0.1 0.809 0.9 0.001 
Diving Omnivores 143 -0.4 0.312 -0.4 0.250 -0.3 0.463 -0.1 0.833 0.0 0.971 1.0 <0.001 -0.2 0.627 
Diving Piscivores 168 -0.3 0.347 0.2 0.572 0.6 0.046 0.9 0.001 0.9 <0.001 0.0 0.981 0.8 0.008 
Herbivorous Grazers 232 -0.2 0.541 0.3 0.349 0.8 0.012 0.9 <0.001 1.0 <0.001 0.0 0.981 0.9 0.001 
Large Wading Omn.s 331 -0.1 0.764 0.5 0.159 0.9 0.001 1.0 <0.001 1.0 <0.001 -0.2 0.527 0.9 <0.001 
Small Waders 263 -0.2 0.548 0.4 0.271 0.8 0.006 1.0 <0.001 1.0 <0.001 -0.2 0.550 0.9 <0.001 
[amigratory waders] 62 -0.2 0.515 0.3 0.388 0.6 0.052 0.9 <0.001 0.8 0.003 -0.3 0.417 0.8 0.006 
[non-migratory waders] 201 -0.2 0.554 0.4 0.277 0.8 0.006 1.0 <0.001 1.0 <0.001 -0.2 0.578 0.9 <0.001 
Wading Piscivores 186 0.0 0.944 0.5 0.112 0.9 0.001 1.0 <0.001 0.9 <0.001 -0.3 0.421 0.9 <0.001 
Birds of Prey 38 0.5 0.191 0.6 0.077 0.7 0.031 0.6 0.042 0.6 0.054 -0.4 0.196 0.7 0.024 
Individual Species                
Dabbling Ducks                
Pacific Black Duck 104 -0.4 0.321 0.2 0.660 0.6 0.084 0.8 0.006 0.8 0.003 0.3 0.422 0.7 0.025 
Grey Teal 84 -0.2 0.589 0.4 0.273 0.8 0.006 1.0 <0.001 1.0 <0.001 -0.2 0.651 0.9 <0.001 
Chestnut Teal 48 -0.2 0.590 0.4 0.218 0.8 0.003 1.0 <0.001 1.0 <0.001 -0.3 0.459 0.9 <0.001 
Australasian Shoveler 34 -0.3 0.344 0.1 0.763 0.5 0.128 0.8 0.012 0.8 0.009 0.3 0.437 0.6 0.046 
Pink-eared Duck 12 -0.2 0.530 -0.3 0.367 -0.3 0.449 -0.2 0.654 -0.1 0.710 0.5 0.104 -0.2 0.524 
Diving Omnivores                
Australasian Grebe 59 -0.3 0.339 -0.1 0.781 0.2 0.582 0.4 0.231 0.5 0.181 0.5 0.165 0.3 0.382 
Hardhead [Duck] 40 -0.4 0.293 -0.2 0.486 0.0 0.967 0.2 0.585 0.2 0.506 0.7 0.027 0.1 0.815 
Eurasian Coot 40 -0.3 0.413 -0.4 0.248 -0.3 0.349 -0.2 0.600 -0.1 0.719 0.9 <0.001 -0.3 0.456 
Diving Piscivores                
Australian Pelican 41 -0.3 0.331 0.1 0.727 0.5 0.113 0.8 0.011 0.8 0.003 0.1 0.823 0.7 0.035 
Australasian Darter 25 -0.3 0.348 -0.1 0.807 0.2 0.592 0.4 0.274 0.5 0.137 0.2 0.539 0.3 0.375 
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  Water Depth Zone (cm) 
  <0 (dry) 0 - 10 10 - 20 20 - 30 30 - 100 >100 >0 (total wet) 
Species / Group N r p r p r p r p r p r p r p 
Little Black Cormorant 35 -0.4 0.242 0.0 0.935 0.5 0.189 0.7 0.021 0.8 0.006 0.2 0.551 0.6 0.065 
Little Pied Cormorant 50 -0.4 0.214 0.0 0.895 0.5 0.168 0.7 0.017 0.8 0.008 0.1 0.868 0.6 0.062 
Herbivorous Grazers                
Plumed Whistling Duck 13 -0.3 0.356 -0.5 0.164 -0.4 0.234 -0.3 0.467 -0.2 0.578 1.0 <0.001 -0.3 0.324 
Black Swan 69 -0.1 0.749 0.5 0.177 0.8 0.002 1.0 <0.001 1.0 <0.001 -0.2 0.506 0.9 <0.001 
Australian Wood Duck 43 -0.4 0.280 -0.5 0.169 -0.3 0.324 -0.2 0.665 -0.1 0.811 1.0 <0.001 -0.3 0.466 
Dusky Moorhen 32 -0.3 0.337 -0.2 0.506 0.0 0.949 0.2 0.636 0.2 0.508 0.8 0.011 0.1 0.830 
Purple Swamphen 75 -0.2 0.507 0.3 0.398 0.7 0.016 0.9 <0.001 1.0 <0.001 -0.1 0.757 0.9 0.002 
Large Wading Omn.s                
Cattle Egret 48 -0.1 0.768 0.4 0.210 0.8 0.003 1.0 <0.001 1.0 <0.001 -0.2 0.616 0.9 <0.001 
White-faced Heron 94 0.2 0.676 0.8 0.004 1.0 <0.001 0.9 0.001 0.8 0.006 -0.4 0.240 1.0 <0.001 
Brolga 25 0.3 0.357 0.7 0.031 0.9 0.001 0.9 0.001 0.8 0.007 -0.4 0.256 0.9 0.001 
Glossy Ibis 22 -0.2 0.678 0.4 0.217 0.8 0.003 1.0 <0.001 1.0 <0.001 -0.2 0.571 0.9 <0.001 
Australian White Ibis 43 -0.1 0.705 0.4 0.224 0.8 0.040 1.0 <0.001 1.0 <0.001 -0.2 0.554 0.9 <0.001 
Strawnecked Ibis 66 -0.1 0.827 0.6 0.095 0.9 <0.001 1.0 <0.001 1.0 <0.001 -0.3 0.456 1.0 <0.001 
Royal Spoonbill 25 -0.2 0.550 0.4 0.280 0.8 0.006 1.0 <0.001 1.0 <0.001 -0.2 0.568 0.9 <0.001 
Small Waders                
Comb-crested Jacana 41 -0.4 0.265 -0.5 0.104 -0.4 0.214 -0.2 0.500 -0.1 0.804 0.6 0.070 -0.3 0.356 
Masked Lapwing 103 -0.2 0.553 0.4 0.248 0.8 0.005 1.0 <0.001 0.9 <0.001 -0.2 0.514 0.9 <0.001 
aSharp-tailed Sandpiper 12 -0.2 0.642 0.3 0.331 0.7 0.017 1.0 <0.001 1.0 <0.001 -0.2 0.545 0.9 <0.001 
aLatham's Snipe 27 -0.3 0.462 0.0 0.982 0.0 0.893 0.2 0.512 0.2 0.648 -0.2 0.567 0.1 0.700 
aMarsh Sandpiper 11 -0.2 0.508 0.1 0.681 0.3 0.398 0.5 0.114 0.4 0.222 -0.3 0.438 0.4 0.227 
Black-winged Stilt 46 -0.2 0.603 0.4 0.252 0.8 0.005 1.0 <0.001 1.0 <0.001 -0.2 0.536 0.9 <0.001 
Wading Piscivores                
White-necked Heron 49 0.8 0.003 0.7 0.033 0.5 0.135 0.3 0.396 0.2 0.529 -0.4 0.281 0.4 0.200 
Eastern Great Egret 42 -0.2 0.514 0.4 0.313 0.8 0.009 1.0 <0.001 1.0 <0.001 -0.3 0.473 0.9 0.001 
Little Egret 26 -0.2 0.539 0.3 0.390 0.6 0.052 0.8 0.009 0.7 0.022 -0.2 0.515 0.7 0.026 
Intermediate Egret 52 -0.1 0.710 0.4 0.201 0.8 0.003 1.0 <0.001 1.0 <0.001 -0.2 0.582 0.9 <0.001 
Black-necked Stork 17 -0.3 0.423 0.2 0.591 0.6 0.091 0.7 0.013 0.8 0.006 -0.2 0.649 0.7 0.033 
Birds of Prey                
Swamp Harrier 27 0.6 0.069 0.7 0.041 0.7 0.034 0.6 0.077 0.5 0.126 -0.4 0.218 0.7 0.038 
White-bellied Sea Eagle 10 0.0 0.963 0.2 0.565 0.4 0.247 0.5 0.151 0.6 0.090 -0.3 0.464 0.5 0.158 
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Chapter 5 

Waterbirds on wetlands of the Clarence River floodplain 

wetlands: associations with salinity 

5.1. Introduction 

5.1.1 General 

The salinity associations of waterbird species are important to know, but difficult to 

measure. Such knowledge could be of great benefit for hydrological manipulation in 

managed wetlands, such as those of the Clarence River floodplain. There, restoration is 

ongoing and continually evolving, and water quality and quantity can be strategically 

manipulated (Clarence Valley Council, 2009; see Chapters 2, 3, 4 and 8). More accurate 

knowledge of the salinity associations of various local waterbird species would increase 

the potential for positive outcomes for biodiversity conservation. With repeated 

observations it is expected that the ranges of salinities in which different waterbird 

species occur locally would become apparent, and serve as a guide for local wetland 

managers. 

Salinity is an important aspect of water chemistry affecting the biota of wetlands (Boulton 

& Brock, 1999). The distributions of both plant and animal species in aquatic 

environments are correlated with salinity, and when categorised by tolerance, different 

species can be considered either stenohaline or euryhaline (Carpelan, 1964). Stenohaline 

species have a narrow range of salinity tolerances while euryhaline species have a broad 

range. Stenohaline species are sometimes referred to as “poor” and euryhaline species as 

“good”, with respect to their abilities to adapt to changes in salinities (Nielsen & Hillman, 

2000). Such terms and concepts are generally not applied to birds, but more to entirely-

aquatic organisms such as fish (Whitfield et al., 2006) and aquatic invertebrates and 

plants (Carpelan, 1964; Nielsen & Hillman, 2000; Nielsen et al., 2003) where precise 

salinity thresholds can be more easily determined. In this chapter, to aid comprehension 

in reference to waterbirds, euryhaline and stenohaline are replaced by the terms “salt-

tolerant” and “salt-intolerant”, respectively. 
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For waterbirds, concepts of defined salinities thresholds are applied more to their habitats, 

and the plant and animal species that are their food items within those habitats. 

Nevertheless, in managed wetland environments, where a range of variables influence 

waterbird habitat suitability, it is important to know for which species salinity is crucial, 

and the levels of salinity at which it is crucial. 

Many plants and animals associated with aquatic systems have evolved behavioural, 

morphological, physiological and life-history traits that impart resilience to salt, which 

are manifested as tolerance, acclimatisation or avoidance (James et al., 2003; Nielsen et 

al., 2003). Various authors (Halse et al., 1993; Nielsen & Hillman, 2000) suggest that 

most waterbirds are not directly affected by salinity changes, but indirectly instead, by, 

for example, salinity-induced changes in vegetation and invertebrates, which affect the 

distribution and breeding success of many birds. 

Birds excrete salt via the kidneys and nasal glands, with the ability to do so varying 

amongst species (Hildebrand, 1982). Sodium chloride salt is eliminated mostly by nasal 

glands in a very concentrated brine which in some species is up to twice the concentration 

of sea water (Klaassen & Ens, 1990). Pollutant agricultural chemicals have been 

implicated in impeding the function of nasal salt glands in waterbirds (Friend et al., 

1973). While some waterbird species have the ability to adapt to higher salt intake in their 

drinking water and food, salt stress is a potential problem, either when salinity thresholds 

are reached, or for species where other food and water sources are unavailable (Klaassen 

& Ens, 1990). 

Many Australian waterbird species can move large distances in a nomadic fashion in 

response to available resources, and wetland connectivity for these species needs to be 

considered at the landscape scale of hundreds of kilometres (Roshier et al., 2001). The 

mobility of many waterbird species allows them to move between water bodies of 

different salinities to limit a continuous intake of highly saline water, and which for many 

species is undrinkable (Halse et al., 1993). 

Salinity, as total dissolved salts, is measured in grams per Litre (g.L-1), equivalent to parts 

per thousand (ppt), the units used here. Seawater is approximately 35 ppt (Boulton & 

Brock, 1999), while freshwater is generally defined as water with a salinity of less than 3 

ppt (Nielsen et al., 2003). Terminology is varied but a common categorisation of zones of 
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salinity is: Limnetic (<0.5 ppt); Oligohaline (0.5-5 ppt); Mesohaline (5-18 ppt); 

Polyhaline (18-30 ppt); and, Euhaline (>30 ppt) (McLusky, 1999) , and is used here. 

“Changes in salinity can have direct physiological effects on biota in freshwater 

(particularly through osmoregulation), and can result in change in species diversity” 

(Nielsen & Hillman, 2000) and can adversely affect species differently in various life 

stages (Nielsen et al., 2003). The juveniles of many waterbird species that are salt-tolerant 

as adults (e.g., Australian Shelduck Tadorna tadornoides) may be salt-intolerant prior to 

development of the nasal salt gland (Halse et al., 2003). 

Salinity is important in how waterbirds use wetlands (Halse et al., 1993). Different 

waterbird species are known to favour different salinities although thresholds for any 

particular species are poorly defined. Black Swans and Chestnut Teal are reported to be 

limited to drinking water of 35 ppt and 10 ppt (total dissolved solids) respectively (Halse 

et al., 1993), although the rigour of these results is questionable given the difficulties of 

observing the water intake habits of wild, mobile species of waterbirds (pers. obs.). More 

typically, the habitat that they favour is described with better precision.  

In an open estuarine environment, a continuum of salinity gradients can be clearly 

discernible, and zonation of bird species by salinity can be apparent. The zonation (spatial 

stratification) of waterbird species over a salinity gradient has been recorded at various 

locations globally, for example in the Coorong in South Australia (Paton et al., 2009), and 

the Schelde estuary in north-western Europe (Ysebaert et al., 2000). Yet, even when there 

is no apparent stratification, and a species occupies all zones, there can be intra-specific 

associations. Although not considered as a true waterbird, a study of the Bald Eagle 

Haliaeetus leucocephalus in Chesapeake Bay, USA (Watts et al., 2006) found that 

nesting rates and productivity of the species were much higher (up to 4 times) in fresh 

zones compared to polyhaline (18-30 ppt) and other zones, and linked this to the relative 

availability of fish prey in the fresh areas. 

Salinisation of some wetlands over a period of 20 years since 1984 in Western Australia 

has led to a 20% decrease in waterbird species richness, along with changes to species 

composition (Lyons et al., 2007). Species lost in these wetlands included Australian 

Wood Duck, White necked Heron, Red-kneed Dotterel, Little Pied Cormorant, Yellow-

billed Spoonbill, Whiskered Tern and Black-winged Stilt, while the three species gained 
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were considered salt-water specialists (Silver Gull Larus novaehollandiae, Red-capped 

Plover Charadrius ruficapillus and Banded Stilt Cladorhynchus leucocephalus). In these 

wetlands, prolonged hypersaline conditions (>35 ppt) have developed, although declines 

in waterbird species richness were observed when salinities of over 10 ppt were sustained 

(Halse et al., 2003).  

However, isolated saline environments are important habitat, and coastal salt ponds 

(salinas, salt pans, salt-extraction ponds, solar ponds) are highly significant as alternative 

and complementary habitat for waterbirds, particularly migrant species, for example in 

coastal areas of the Mediterranean (López et al., 2009; Masero, 2003) and San Francisco 

Bay (Takekawa et al., 2001). In the latter, over one million birds (mostly shorebirds and 

dabbling ducks) may use the ponds over the course of a year (Warnock et al., 2002). The 

salinity of these ponds can be strategically-managed to benefit migrating waterbirds 

(Velasquez, 1992) with different salinities maintained in separate, nearby salt ponds to 

stimulate the different prey items of different species. Salt lakes are known to support 

higher numbers of waterbirds than freshwater ones (albeit of different species and guilds), 

ten times the numbers in one study of similarly-sized adjacent lakes in arid Australia 

(Kingsford & Porter, 1994), attributable to the more abundant food resources in salt lakes, 

with increased productivity being associated with elevated salinity (Halse et al., 1993). 

Manipulating salinities to affect waterbird populations is common practice in coastal 

marsh wetlands of the USA (Mitchell et al., 2006). The tactic is occasionally used on the 

Clarence River floodplain to control waterweeds in wetlands and other water bodies 

(Peter Wilson, pers. comm.). There is, however, little information available for managers 

to assess the effect of such manipulations on waterbirds locally.  

5.1.2 Aims 

In this chapter I further develop the concept of relationships between salinity and the 

presence or absence of individual species. The aim of this study was to examine the range 

of salinities in wetlands in which different waterbird species occur, and thereby determine 

salinity associations, as tolerances or thresholds for these species. 
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5.2. Methods 

5.2.1 Study Area 

The study area (location, climate and management history) is described fully in Chapter 

2. Under a natural hydrological regime, local rainfall seasonality (summer dominated) 

would be expected to result in a seasonal variation from fresh, to increased salinity in 

many wetlands due to evaporation. However, as described in Chapters 2 and 3, this 

regime has been largely altered by the management of the local floodplain its wetlands. 

5.2.2 Survey Design and Data Collection 

Chapter 3 detailed the survey design and the methods of monitoring waterbirds and water 

quality at 13 wetlands during 2006 and 2007. As stated there, salinity was an important 

factor in selecting wetlands, to provide a selection of wetlands of varying salinities. 

Relevant results from that chapter and other relevant, published research were reviewed. 

At least three measurements of salinity were taken for each wetland on each monitoring 

occasion. All wetlands were monitored on 16 occasions except for Ryans (12 times) and 

Woodwards (13 times). At Little Broadwater, four zones within the wetland were 

recognised: North, East, Drain and West, with waterbirds and water quality recorded 

separately for each. There were potentially 249 sets of salinity measurements and 

waterbird counts over the time period, but this was reduced to 238 due to wetlands being 

dry on some occasions and equipment malfunction at other times.  

5.2.3 Data Interpretation and Analysis 

For each species, at each observation of its presence at a wetland, the maximum and 

minimum measurements of salinity were recorded. Cumulatively, at the end of the 

monitoring this provided an absolute range of salinities of the wetlands where each 

species was observed. 

To enable an examination of the spread of the data, the average salinities of wetlands at 

each observation of each species were graphed using box plots (box-and-whisker plots) 

for each species, presented in order of foraging groups. For all box plots, the box 

represents 75% of the data with the median line within; and within either end of the 

whiskers represents 90% of the data; while dots represent the remaining 10% of the data. 
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To examine whether the apparent salinity range of a species was influenced by the 

number of observations of that species, correlation between salinity range value 

(maximum less minimum) and number of individuals was calculated using Minitab 

(Minitab, 2000). 

To categorise a species according to association with salinity, and to avoid small sample 

sizes biasing the results, a minimum of 10 separate observations of that species was 

required. Categorisation of a species as either salt-intolerant or salt-tolerant, when 

observed on more than 10 occasions, was on the basis of approximately 95% of the 

observations of each species, to ameliorate the effect of outlying results. Within this 

categorisation method, salt-intolerant species occurred in wetlands <5 ppt, (oligohaline or 

fresh waters), while salt-tolerant species occurred on waters >5 ppt. Species that were 

observed on fewer than 10 occasions were categorised as unknown.  

Because the most important result was the absolute salinity thresholds, analyses were 

restricted to basic statistics (average, range, maximum and minimum). These data were 

compared with the results of the statistical analyses in Chapter 3 relating to most 

abundant species in fresh and varyingly-saline wetlands. The results were also compared 

to the results of previous research (Goodsell, 1990; Paton et al., 2009). 
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5.3. Results 

5.3.1 Wetlands 

Most of the observations were made in freshwater. Average salinity of wetlands was <3 

ppt on 203 of the 238 monitoring occasions, with maximum salinities <3 ppt on 193 of 

these occasions. Average salinity was >5 ppt on only 20 occasions (maximum salinity >5 

ppt on 24 occasions). Figure 5.1 shows the results of monitoring of salinity at the 

wetlands (including zones of Little Broadwater), indicating averages of measurements, 

with seven wetlands being continually fresh (<2 ppt), five others varyingly fresh to 

mesohaline (up to ~ 10 ppt), and one (Ryans) varyingly oligohaline to polyhaline (~3 ppt 

to ~ 22 ppt). 
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Figure 5.1. Box plots (left to right: outliers, 90%, 75%, 50%, 25%, 10%, outliers) of 
averages of salinity measured at 13 wetlands (including four zones within one wetland, 
Little Broadwater) monitored over 2006-07 (n = 16. except Ryans (n = 12) and 
Woodwards (n = 13)). 
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5.3.2 All species 

Most species were observed in waters where mean salinities were either oligohaline or 

fresh (<5 ppt) (see Table 5.3) with Eastern Osprey, Pacific Golden Plover and Bar-tailed 

Godwit the exceptions (albeit with few records of these species). This was to be expected 

given that most observations were made in low salinity ranges. Despite this, most species 

were observed with broad salinity ranges, with 39 species observed at salinities varying 

by over 5 ppt, and with 24 species being recorded in polyhaline (>18 ppt) waters (see 

Figure 5.2). Fifteen species were observed on fewer than 10 occasions, and often only 

once or twice.  

The absolute range of salinities in which species can occur appears partly to be a function 

of sampling effort, and, as Figure 5.3 indicates, in general, the more observations there 

are of a species, the greater its apparent range of salinities will be (up to a maximum of 

the salinity of the waters being sampled). However, of course, this generalisation does not 

apply to all species, and the species represented below the line in Figure 5.3 with high 

numbers of repeated observations (10+) are of most interest.  

Among the more frequently recorded species, Pink-eared Duck (13 observations), Plumed 

Whistling Duck (17) and Jacana (51) were all restricted to freshwater with Yellow-billed 

Spoonbill (10) and Eurasian Coot (45) restricted to oligohaline / fresh water. 

5.3.3 Comparison with statistical analysis in Chapter 3 

Multivariate statistical analyses undertaken in Chapter 3 identified variation in waterbird 

species assemblages on the monitored wetlands of the floodplain. There was a different 

suite of numerically-dominant species in fresh wetlands compared to wetlands with 

varying salinities, albeit with some species common to both as shown in Table 5.1.  
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Table 5.1. The most abundant waterbird species on wetlands of two types on the Clarence 
River floodplain 2006-07: wetlands whose source includes a saline influence but whose 
salinity levels vary (All-Water), and wetlands with a rainfall source only and remain 
constantly fresh (Rain-Only) (after Chapter 3). 

 Species  
All-Water 
wetlands 

Rain-Only 
wetlands Both wetland types 

   
Cattle Egret Eurasian Coot Pacific Black Duck 
Black-winged Stilt Comb-crested Jacana Masked Lapwing 
Chestnut Teal White-necked Heron Grey Teal 
Intermediate Egret Australasian Grebe Black Swan 
 Australian Wood Duck White-faced Heron 
 Hardhead [Duck] Straw-necked Ibis 
  Purple Swamphen 
   

 
Of the species previously identified as most abundant in fresh wetlands (see Table 5.1), 

only the Comb-crested Jacana was recorded exclusively in freshwater (<3 ppt), where the 

maximum salinity in which it occurred being 1.7 ppt. The Eurasian Coot was recorded in 

oligohaline water, Pacific (White-necked) Heron and Australasian Grebe in mesohaline 

water (5-18 ppt), and Australian Wood Duck and Hardhead Duck in polyhaline water 

(>18 ppt). However, the spread of salinities recorded for each species indicates salinity 

tolerances of these species to be much lower. The Intermediate Egret was identified as a 

species most abundant in wetlands of varying salinity, but it was the only one of these 

species that occurred mostly (one exception) in oligohaline water.  

5.3.4 Categorisation 

Figure 5.4 presents the distribution of records of average salinities for each species in sets 

of functional foraging groups, and Table 5.4 lists the species and categorises them as 

either salt-intolerant or polyhaline, based on a salinity tolerance indicated by the 

distribution of records of average salinities of at least 95% of the records for each species. 

As indicated, under this categorisation, all the species identified as most abundant in fresh 

wetlands only, were considered salt-intolerant, with a tolerance for oligohaline water 

during at least 95 percent of observations. Altogether, 13 species were categorised as salt-

intolerant in this way, 25 as salt-tolerant, and 15 categorised as “unknown” because there 

were fewer than 10 observations of each of these species. For each species a salinity-

upper-tolerance threshold was suggested based on the level of at least 95% of records 
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being below this salinity level (see Table 5.4). For the “unknown” species, a threshold 

was discernible but considered as indicative at best, and possibly misleading, due to 

insufficient repeated observations. 

5.3.5 Functional Foraging Groups 

Dabbling ducks included both salt-intolerant and salt-tolerant species, with the very 

abundant (relative to all other species) Pacific Black Duck, Grey Teal and Chestnut Teal 

in the latter category. Given that there were so few sites or times where salinity was 

above 10 ppt, the records of these species indicate a high tolerance. 

Diving omnivores were all salt-intolerant, and although Musk Duck was deemed 

unknown, although the four observations of it were all made in fresh water.  

Diving piscivores were all salt-tolerant, including Whiskered Tern.  

Herbivorous grazers include both salt-intolerant and salt-tolerant species, with the very 

abundant (relative to all other species) Black Swan, and often observed Purple 

Swamphen, in the latter category. Purple Swamphen and Australian Wood Duck each had 

only one record >7 ppt. 

Large wading omnivores were all salt-tolerant except the Yellow-billed Spoonbill, 

although the Brolga and Glossy Ibis all were only observed in water <7 ppt. 

Small waders were all salt-tolerant except for the Comb-crested Jacana which, with 51 

observations, was salt-intolerant and, as stated, recorded in a maximum of 1.7 ppt.  

Wading piscivores included both salt-intolerant and salt-tolerant species, with the 

Intermediate Egret and Pacific Heron in the former category. The Intermediate Egret was 

the only salt-intolerant species listed in the most abundant species in wetlands of varying 

salinity (see Table 5.1). 

Of the three Birds of Prey species, the White-bellied Sea Eagle and Swamp Harrier were 

salt-tolerant, and although the Eastern Osprey was categorised unknown, the nine 

observations of it were such that it would likely be categorised as salt-tolerant if 

additional observations had been made. The Swamp Harrier appeared to favour less saline 

sites than the other birds of prey. 
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5.3.6 Species of Conservation Significance 

The Comb-crested Jacana appeared to be limited to fresh water, more so than any other 

species. There were insufficient observations of the Magpie Goose to categorise its 

salinity tolerances although it was observed only in fresh water. The Black-necked Stork 

and Brolga were recorded at wetlands with fresh and saline water and their salinity 

tolerances were therefore considered broad. Migratory Waders generally had broad 

salinity tolerances with Latham’s Snipe being the species of this group most recorded at 

wetlands of lower salinity. 

5.3.7 Comparisons with previous research 

Published accounts from Western Australia (Goodsell, 1990) offer comparisons with 

some of the species that occur in the Clarence River floodplain. Relevant data from that 

study are presented in Table 5.2. 

Table 5.2. The salinity (ppt Total Dissolved Salts) of wetlands used by waterbirds in 
south-west of Western Australia, observed 1981-1985 (after Goodsell, 1990).  

  Salinity (ppt) 
Common Name  n Mean s.d. Minimum Maximum
Straw-necked Ibis 6 1.324 0.51 0.806 2 
Australian White Ibis 3 1.33 0.58 0.97 2 
Purple Swamphen 10 1.609 1.08 0.335 4.1 
Dusky Moorhen 8 1.914 1.98 0.728 6.75 
Hardhead [Duck] 11 2.324 1.77 0.4 4.9 
Yellow-billed Spoonbill 9 2.421 2.11 0.806 7.45 
Musk Duck  19 2.737 3.22 0.1 11.4 
Great Cormorant 3 2.819 1.87 0.957 4.7 
Pacific Black Duck 30 2.855 3.41 0.2 14.6 
White-faced Heron 21 3.287 5.69 0.137 25.8 
Australian Wood Duck 6 3.543 3.74 0.137 9.5 
Little Black Cormorant 12 3.635 4.32 0.87 17.2 
Eastern Great Egret 6 3.817 3.34 1.5 10.2 
Australasian Grebe 13 4.039 3.13 0.728 9.95 
Australasian Darter 5 4.832 2.66 1.67 7.3 
White-necked Heron 15 4.952 5.59 0.155 20 
Pink-eared Duck 51 5.235 4.53 0.137 17 
Little Pied Cormorant 14 5.766 5.41 0.708 17.2 
Eurasian Coot 71 6.25 6.27 0.17 32.1 
Grey Teal 66 6.909 8.75 0.12 37.65 
Black-winged Stilt 11 7.891 6.61 0.127 21.52 
Australasian Shoveler 12 9.246 7.86 0.97 22.2 
Black Swan 72 9.645 10.27 0.4 43.5 
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Studies in the Coorong of South Australia (Paton et al., 2009) indicated that, of the 

species recorded in both that study and the current study, all were recorded in that study 

in estuarine zones with water salinity from 29 to 124 ppt, much higher than recorded for 

these species in the current study, and much higher than existed in the wetlands being 

monitored in the current study. Obviously, the ranges of salinities of wetlands or water 

bodies being monitored, provides the limits for possible salinity ranges in which 

waterbirds will occur, and therefore be observed. In that earlier study, Pelican, Little 

Black Cormorant and Chestnut Teal were observed in zones with salinity over 50 ppt, 

while species observed in salinities over 25 ppt included Little Pied Cormorant, Black 

Swan, Black Duck, Musk Duck, White-faced Heron, White Ibis, Masked Lapwing, Pied 

Stilt and migratory waders. This is mostly consistent with the categorisation of species in 

the current study with all these species categorised as salt-tolerant, except for Little Black 

Cormorant which was categorised as salt-intolerant in the current study. 
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Table 5.3. Salinity (ppt) of wetlands used by waterbirds on the Clarence River floodplain 2006-
07. (species n ≥ 10, in maximum salinity <5, ppt are highlighted) 

  Salinity (ppt) 
Species n mean s.d. Minimum Maximum 
Australasian Grebe 72 0.890 1.37 0.013 6.590 
Australian Pelican 59 3.167 5.73 0.043 28.700 
Australasian Darter 29 2.633 5.82 0.043 28.700 
Great Cormorant 6 2.516 3.38 0.061 7.620 
Pied Cormorant 2 0.738 0.76 0.078 1.490 
Little Black Cormorant 43 1.132 1.84 0.037 7.620 
Little Pied Cormorant 72 2.123 4.61 0.013 28.700 
Cattle Egret 83 1.922 4.02 0.055 25.800 
White-necked Heron 77 1.394 2.20 0.047 14.400 
White-faced Heron 147 2.096 3.82 0.075 28.700 
Eastern Great Egret 81 1.972 3.78 0.013 28.700 
Little Egret 36 3.213 5.02 0.065 25.700 
Intermediate Egret 90 1.192 1.94 0.013 14.400 
Black-necked Stork 18 2.304 2.87 0.071 7.800 
Brolga 37 2.085 2.01 0.113 7.800 
Glossy Ibis 43 1.849 1.89 0.113 7.010 
Australian White Ibis 81 3.087 5.10 0.078 28.700 
Straw-necked Ibis 97 2.420 4.70 0.078 28.700 
Royal Spoonbill 44 3.483 5.94 0.013 28.700 
Yellow-billed Spoonbill 10 2.031 1.59 0.347 4.880 
Plumed Whistling Duck 17 0.227 0.26 0.037 0.948 
Magpie Goose 2 0.223 0.06 0.180 0.265 
Black Swan 126 1.759 3.72 0.057 28.700 
Pacific Black Duck 173 1.781 3.80 0.013 28.700 
Grey Teal 131 1.833 3.79 0.013 28.700 
Chestnut Teal 85 2.923 4.99 0.071 28.700 
Australasian Shoveler 45 1.713 4.33 0.043 26.200 
Pink-eared Duck 13 0.399 0.43 0.091 1.500 
Hardhead  47 1.270 4.26 0.013 26.200 
Australian Wood Duck 55 1.152 3.99 0.037 26.200 
Musk Duck 4 0.201 0.03 0.165 0.228 
Swamp Harrier 39 1.815 2.83 0.088 14.400 
White-bellied Sea Eagle 17 5.269 8.49 0.076 26.300 
Eastern Osprey 9 12.430 8.66 0.880 28.700 
Comb-crested Jacana 51 0.272 0.33 0.013 1.714 
Buff-banded Rail 2 2.224 2.31 0.215 4.370 
Dusky Moorhen 38 0.559 1.40 0.013 7.610 
Purple Swamphen 130 1.180 3.08 0.013 26.300 
Eurasian Coot 45 0.568 1.07 0.013 4.810 
Black-fronted Dotterel 8 2.480 3.68 0.194 9.490 
Red-kneed Dotterel 2 0.946 0.46 0.533 1.340 
Pacific Golden Plover 3 5.728 3.49 1.810 9.490 
Masked Lapwing 158 2.161 4.00 0.013 28.700 
Sharp-tailed Sandpiper 20 4.575 6.85 0.162 28.700 
Bar-tailed Godwit 1 6.704 0.28 6.450 7.010 
Latham's Snipe 34 3.353 6.17 0.075 26.300 
Common Greenshank 8 3.971 3.47 0.687 9.490 
Marsh Sandpiper 12 3.446 3.09 0.435 9.490 
Black-winged Stilt 84 2.702 4.48 0.077 26.300 
Whiskered Tern 7 3.175 2.64 0.113 7.630 
Crested Tern 2 0.690 0.63 0.113 1.500 
Caspian Tern 1 2.658 1.86 1.147 4.730 
Gull-billed Tern 1 2.658 1.86 1.147 4.730 
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Figure 5.2. Ranges (absolute minima to maxima) of salinity over which 53 
waterbird species (number of observations of each species in parentheses) were 
recorded in 13 wetlands during 2006-07. (Species with <10 observations are 
represented with hollow bars.) 
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Figure 5.3. The relationship between the salinity range values (maximum less minimum) 
(ppt) of each waterbird species observed, and the number of observations of each species, 
at 13 wetlands during 2006-07 (Correlation - Pearsons: r = 0.696, p <0.001, df = 51). 
 

 
 



Chapter 5: Salinity 

 166 

 

Large Wading Omnivores

Salinity (ppt)

0 5 10 15 20 25

Cattle Egret (83)

White-faced Heron (147)

Brolga (37)

Glossy Ibis (43)

White Ibis (81)

Strawnecked Ibis (97)

Royal Sponbill (44)

Yellow-billed Spoonbill (10)

 
 

Diving Pisciviores

Salinity (ppt)

0 5 10 15 20 25

Australian Pelican (59)

Australasian Darter (29)

Great Cormorant (6)

Pied Cormorant (2)

Little Black Cormorant (43)

Little Pied Cormorant (72)

Whiskered Tern (7)

Crested Tern (2)

Caspian Tern (1)

Gull-billed Tern (1)

 
Figure 5.4. (see caption next page) 
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Figure 5.4. Box plots (as indicated left to right: outliers, 90%, 75%, 
50%, 25%, 10%, outliers) of average salinities of wetlands measured 
during 2006-07, where 53 waterbird species (number of 
observations) were observed, presented in eight Foraging Groups 
(Note: varying scales). (In instances where only one or two 
observations of a species were made, maximum, minimum and 
average records of salinity were used to generate plots.)  
 

 



Chapter 5: Salinity 

 168

Table 5.4. Summary of salinity tolerances for 53 waterbird species based on monitoring in 
Clarence River floodplain wetlands 2006-07. (Species observed >95% in <3 ppt (freshwater) are 
shaded.) (For n <10, tolerances (in parentheses) are indicative only.)  

Species (n) 
Salt-intolerant 

(<5 ppt) 
Salt-tolerant 

(>5ppt) 
Unknown 

(n<10) 
Tolerance (ppt) 

~ 95% C.I. 
Australasian Grebe (72) ●   4 
Pelican (59)  ●  16 
Australasian Darter (29)  ●  10 
Great Cormorant (6)   ● (7) 
Pied Cormorant (2)   ● (2) 
Little Black Cormorant (43) ●   5 
Little Pied Cormorant (72)  ●  9 
Cattle Egret (83)  ●  6 
White-necked Heron (77) ●   5 
White-faced Heron (147)  ●  7 
Great Egret (81)  ●  7 
Little Egret (36)  ●  7 
Intermediate Egret (90) ●   4 
Black-necked Stork (18)  ●  8 
Brolga (37)  ●  6 
Glossy Ibis (43)  ●  6 
White Ibis (81)  ●  15 
Straw-necked Ibis (97)  ●  15 
Royal Spoonbill (44)  ●  16 
Yellow-billed Spoonbill (10) ●   5 
Plumed Whistling Duck (17) ●   2 
Magpie Goose (2)   ● (1) 
Black Swan (126)  ●  6 
Pacific Black Duck (173)  ●  7 
Grey Teal (131)  ●  7 
Chestnut Teal (85)  ●  15 
Australasian Shoveler (45) ●   5 
Pink-eared Duck (13) ●   2 
Hardhead [Duck] (47) ●   3 
Australian Wood Duck (55) ●   5 
Musk Duck (4)   ● (1) 
Swamp Harrier (39)  ●  6 
White-bellied Sea Eagle (17)  ●  19 
Eastern Osprey (9)   ● (22) 
Comb-crested Jacana (51) ●   2 
Buff-banded Rail (2)   ● (4) 
Dusky Moorhen (38) ●   2 
Purple Swamphen (130)  ●  6 
Eurasian Coot (45) ●   4 
Black-fronted Dotterel (8)   ● (10) 
Red-kneed Dotterel (2)   ● (2) 
Pacific Golden Plover (3)   ● (9) 
Masked Lapwing (158)  ●  8 
Sharp-tailed Sandpiper (20)  ●  14 
Bar-tailed Godwit (1)   ● (7) 
Latham's Snipe (34)  ●  18 
Common Greenshank (8)   ● (10) 
Marsh Sandpiper (12)  ●  8 
Black-winged Stilt (84)  ●  8 
Whiskered Tern (7)   ● (7) 
Crested Tern (2)   ● (2) 
Caspian Tern (1)   ● (5) 
Gull-billed Tern (1)   ● (5) 
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5.4. Discussion 

5.4.1 Overview of results 

Of the 53 species recorded, 13 were observed only in fresh or oligohaline water (<5 ppt) 

and were categorised as salt-intolerant species, with five of these species observed mostly 

in freshwater (<3 ppt). There were 25 species categorised as salt-tolerant species, 

occurring across a range of salinities up to the average limits measured in most of the 

wetlands (~ 10 ppt) and to the absolute limits in the most saline wetland (up to ~ 28 ppt). 

The remaining 15 species were observed on fewer than 10 occasions, and therefore, were 

not categorised according to association with salinity. Figure 5.2 provides an indication of 

the salt tolerances for the various species. 

Species of conservation significance 

Comb-crested Jacanas were observed only at sites with consistently fresh water (a 

maximum of 1.7 ppt), as were Magpie Geese although with only two observations. These 

results are consistent with general knowledge of both the jacanas (Dostine & Morton, 

2000) and the geese (Frith & Davies, 1961) in that they are reported to prefer fresh 

wetlands, however the current study is probably the first to define a salinity threshold for 

the jacanas. 

Black-necked Storks and Brolgas were observed in fresh and more saline (than fresh) 

wetlands, consistent with general knowledge of both species (Dorfman et al., 2001; 

Pringle, 1985). Of the migratory waders observed, each species occurred in both fresh and 

more saline wetlands, with Latham’s Snipe being the species most associated (percentage 

of total observations) with fresh water, which is also consistent with general knowledge 

of these species (Lane, 1987; Marchant & Higgins, 1993). 

5.4.2 Species and Management 

Identifying the tolerances of various species, particularly those limited to freshwater and 

water of lower salinity, is an important finding in this study and very important for better 

management of the local wetlands. Whether this represents the fundamental tolerances of 

each species, or is dependent on habitat associated with various salinities, is unclear and 

is an unresolved issue both here and in many previous studies of waterbirds and wetlands 

(Halse et al., 1993). Research that is species-specific and laboratory-based may be needed 
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to resolve this issue, although the results presented here have much practical value for use 

in making management decisions. 

There are at least 13 waterbird species that should be given special consideration if water 

of higher salinity (>5 ppt) is to be introduced into local wetlands (see Table 5.4). These 

are the Comb-crested Jacana (discussed above) Australasian Grebe, Little Black 

Cormorant, White-necked Heron, Intermediate Egret, Yellow-billed Spoonbill, Plumed 

Whistling Duck, Australasian Shoveler, Pink-eared Duck, Australian Wood Duck, 

Hardhead, Dusky Moorhen and Eurasian Coot. In addition, the Magpie Goose should also 

be considered due to its status as a threatened species, despite few observations. The 

apparent limitation of these species to fresh water and fresh wetlands is consistent with 

general knowledge (Marchant & Higgins, 1993; Pizzey, 1984; Pringle, 1985) although 

few studies actually measure the salinity levels of the waters in which species are 

observed. 

Previous studies (Goodsell, 1990; Paton et al., 2009) often presented different results for 

some of the same species observed in the current study. Comparisons of the data in this 

study to that from south-western Australia (Goodsell, 1990) (comparing data in Table 5.2 

to that in Table 5.3), indicated some similarities and some major differences. All the 

species in the current study, that were also present in that previous study, were recorded 

in wetlands of lower mean salinities reflecting the lower salinities of wetlands in the 

current study. For the Eurasian Coot, Musk Duck and Pink-eared Duck the mean 

salinities were much lower (2-5 ppt difference) in the current study. Despite this, the 

maximum salinities in which species were recorded were both lower for some species and 

higher for others in the current study compared to that previous study. Nine species 

showed similar mean salinities (± 1 ppt) but again, most of these showed either higher or 

lower maximum salinities, except for White-faced Heron and Dusky Moorhen with 

similar results in both studies.  

5.4.3 Data Collection 

Number of observations 

Despite the implication (see Figure 5.3) that, with sufficient observations, all species 

could be found in all salinities, some species clearly prefer fresh water. Comparisons with 

previous studies (Goodsell, 1990; Halse et al., 1993; Paton et al., 2009) indicate the 
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importance of wider sampling information to define species requirements beyond local 

areas. However for local conditions, the information in the current study can be 

considered robust because the study ran over two years and was conservative in requiring 

at least 10 observations for categorisation of species’ salinity tolerances.  

Like any ecological study, this study would benefit from more observations, but of 

particular benefit would be observations in wetlands of higher salinity, and more 

observations in saline waters generally. It is often difficult to set a minimum number of 

observations to make valid assumptions. Possibly, for some species, 10 observations were 

insufficient, and for others, less than 10 would have been sufficient, particularly where 

species are often observed at or near sea water (Marchant & Higgins, 1993), such as 

many species of terns (Pizzey, 1984), and migratory waders and shore birds (Lane, 1987). 

With four observations, Musk Duck was observed only in very fresh water in the current 

study, but observed in a salinity zone of over 25 ppt in the Coorong (Paton et al., 2009), 

implying there were not the suitable habitat conditions available in more saline waters 

during the current study, or that it was rare locally This underlies the importance of 

repeated observations prior to categorising a species. Most diving piscivores were 

categorised as salt-tolerant except for the unknowns (less than 10 observations), which, 

because of general knowledge of those species (Marchant & Higgins, 1993; Pringle, 

1985) might also be expected to be in this category with more observations.  

Site variation 

Many (≥25) of the species observed had broad salinity tolerances and high apparent 

thresholds, and were present on wetlands of different salinities, and certainly on all the 

local wetlands, which are predominantly of low salinity. Eight of the 13 salt-intolerant 

species were observed often in wetlands of salinity higher than fresh (>3 ppt) suggesting 

that maintaining freshwater is of importance to relatively few species (five). However, the 

highly variable nature of wetlands such as these (including fluctuating salinities) 

coincides with the highly mobile nature of most Australian waterbird species, which is 

often unpredictable (Kingsford & Norman, 2002). Despite the presence and abundance of 

a species locally, there is much temporal and spatial variation of these species’ habitats at 

the landscape level, and to which these species respond (Roshier et al., 2001). Local 

observations of species’ tolerances may be due to local habitat, microhabitat and 

behavioural responses and could affect distribution and abundance in ways that are not 
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either immediately obvious or readily discernible (Crowe & McMahon, 1997). Therefore, 

until much more is known about each of these species, the salinity tolerances established 

in the current study should be, at least initially, considered predominantly of local 

relevance, and only applied extra-regionally with caution. 

Measuring salinity 

There are difficulties in measuring and reporting salinity including the possibilities for 

confusions, between total dissolved solids and total dissolved salts, and between the 

relationship of salinity to conductivity (Boulton & Brock, 1999). This possibly reflects 

the dominant expertise of the researcher, where, for example, a wildlife ecologist might 

have a less-developed appreciation for water quality science than someone trained in 

hydrology and water chemistry. Furthermore, measuring salinity, particularly in general 

ecological studies (as opposed to water quality studies), tend not to discriminate in the 

salts constituting total salts, and tend to rely on field meters (as in the current study) 

rather than laboratory analyses. It also appears largely unknown what nutritional benefits 

waterbirds might derive from the intake of water, for example, the constituent non sodium 

chloride salts, or trace elements and micro-nutrients. Future research that included 

laboratory analyses of water and a balanced design of wetlands of varying salinities 

would be an appropriate advance from the current research.  

Contemporaneous sampling 

It is uncommon to take salinity measurements while undertaking waterbird counts. For 

example, the study of Paton et al (2009) was based on waterbird counts from 2000 to 

2007 although the salinity gradient of the estuary had been determined in studies prior to 

1990. The research findings of Goodsell (1990) were based on  the separate collection of 

data for each of waterbirds and water quality, although these data were collected over the 

same time period. Similarly, other studies in Western Australia, at both the site-specific 

and landscape level (Halse et al., 1993; 2003), were based on the collections of water 

quality data separately from waterbird data. Of course, these methodologies do not 

invalidate the results, especially where salinity levels are stable. On the Clarence River 

floodplain however, salinity levels in some wetlands can change quickly with tidal inputs 

through floodgates and rainfall and runoff. Furthermore, salinity levels within these 

wetlands can vary, and both issues can complicate the determination of salinity at which a 

bird is present. The method in the current study of measuring salinity and counting water 
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birds contemporaneously makes data collection more robust and is recommended for any 

future studies. 

5.4.4 Local Management Issues: higher salinity in wetlands 

Since flood mitigation from the 1950s onwards, a local management paradigm has been 

to maintain wetlands either in a dry condition for as long as possible, or as fresh as 

possible for grazing or cropping (see Chapter 2). Until 1997, limits of 1 ppt were set for 

any water that was to be let back through a floodgate into drains, or onto drained land (P. 

Wilson, CVC, pers. comm.). Despite efforts to encourage the introduction of water of 

higher salinity, a culture of freshwater only (or no water) on drained land still prevails 

(pers. obs.). 

An important management consideration is how salinity manipulation would affect 

individual and multiple wetlands. As shown in Little Broadwater (see Figure 5.1), zones 

of salinity can form within a wetland due to physical and biological barriers that affect 

water currents and impede hydrological connectivity (White, 2009). Managed 

hydrological manipulation should predict levels of salinity to be reached in wetlands, and 

evaluate the limitations of these on salt-intolerant (or possibly so) species, while 

considering the mobility of these species and alternative sites for them species if wetlands 

become too saline.  

Historically, waterbird numbers were high when there were saline, seasonal and tidal 

influences in local wetlands (see Chapter 2), including numbers of Comb-crested Jacanas, 

identified here as the most salt-sensitive species of those monitored. Given this historical 

perspective, and assuming there were sufficient wetlands locally that were exclusively-

fresh, and that wetlands to be manipulated were seasonally fresh, the introduction of 

water of higher salinity should not adversely affect species overall in the local area, 

although it might limit or exclude some species in certain wetlands. However, with flood 

mitigation, drainage of wetlands and altered local hydrology, many uncertainties remain 

regarding the effects of such hydrological restoration. Manipulation of salinity needs to 

be undertaken cautiously, and initially, at least, in an experimental framework. 
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5.5. Conclusions 
The manipulation of floodgates to deliver water flows is potentially important for 

maintaining and restoring wetlands, but careful monitoring of the salinity of this water 

and the target wetlands is required in considering the effect on waterbirds. At least 13 

species are likely to be sensitive to increased salinity (>5 ppt) in the local, seasonally 

fresh wetlands. This includes the Comb-crested Jacana with an apparent salinity threshold 

of 1.7 ppt. On the other hand, at least 25 species have broad salinity tolerances and would 

appear unlikely to be adversely affected by the introduction of additional water of higher 

salinity (up to at least 10 ppt) into these wetlands. 
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Chapter 7 

Waterbirds and drains on the Clarence River floodplain 

7.1. Introduction 

7.1.1 General 

Artificial water bodies are important as alternative or complementary waterbird habitat 

(Kingsford, 1992; Hartzell et al., 2007; Desrochers et al., 2008). They are particularly 

important in highly modified landscapes such as many agricultural areas where wetlands 

have been lost or greatly modified (Tourenq et al., 2001; Santoul et al., 2004; Botella et 

al., 2006). Their importance to many waterbirds is likely to increase in these areas in the 

future (Czech & Parsons, 2002) even though a few species (e.g., plovers in the United 

Kingdom and Sweden) can successfully exploit dry agricultural areas (Grönroos, 2003; 

Gillings et al., 2007). The creation and restoration of these habitats is an important and 

evolving environmental management technique (Kingsford, 1998; Baldassarre & Bolen, 

2006; Ma et al., 2010).  

Historic landscape drainage drastically decreased the area of high-value, natural waterbird 

habitat on the Clarence River floodplain through installation of a network of flood 

mitigation drains and levees (see Chapter 2). The network of drains here is extensive (see 

Figure 7.1) with approximately 700 km constructed, mostly since the 1950s (see further 

description below). Many of these drains support permanent water bodies (pers. obs.), 

although collectively, and because of their narrow width, the total area of water might be 

no more than 200 ha.  

The drains have both shallow and deep expanses, and can support aquatic macrophytes, 

fish and aquatic invertebrates (Kroon & Ansell, 2006), potential food items for foraging 

waterbirds. Recent restoration efforts on the Clarence River floodplain (since 1997) have 

included modifications to single-direction floodgates allowing increased tidal exchange 

and flushing of water in and out of many drains and some wetlands (P. Wilson, M. Foley, 

pers. comm.). This strategy significantly increased the abundance and biomass of fish and 

aquatic invertebrates in these drains (Kroon & Ansell, 2006).  
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During field research from 2005 to 2007, some local landholders and residents remarked 

(pers. comm.) that drains were good waterbird habitat. However, anecdotal records and 

casual observations of drains across the floodplain during this time (pers. obs.) suggested 

few birds and few species occurred on drains, with a few exceptions (see Figure 7.1 for 

the following locations). Comb-crested Jacanas were observed on floating waterweed 

(Salvinia molesta) at Swan Creek, a wide drain (>20m) created from an existing 

watercourse. Black Swans and ducks (Pacific Black Duck, Grey Teal, Chestnut Teal) 

were often observed, albeit in low numbers, on the Wooloweyah Ring Drain, a drain 

where water levels were consistently close to the top of the drain edges. Small and large 

waders (Ibis, Egrets and Black-necked Stork) were often present in Blanches drain, where 

one section had a broad base and gently-sloping sides, and shallow water (<15 cm). 

7.1.2 Aims 

Given the degree of modification of the local landscape, it is possible that drains are 

important, alternative habitat for some waterbirds, and revised management might further 

improve this habitat. The aim of this chapter is to evaluate drains as waterbird habitat, and 

determine if the strategy of modifying floodgates, and allowing tidal exchange of water in 

and out, increases the number of individuals and species of waterbirds in these drains. 

7.2. Location, Drainage and Drains 
The location and climate of the Clarence River floodplain are described fully in Chapter 

2. The floodplain is mostly estuarine with a maximum tidal amplitude of two metres 

seaward which diminishes progressively inland. The management of this tidal influence 

by drains and floodgates has been of great importance for agriculture, particularly sugar 

cane, on the lower floodplain.  

Publicly-funded drainage works on the Clarence River floodplain from the 1950s to 

1980s (Chapter 2) resulted in 110 km of levees, over 500 floodgates, 24 km of rock 

armouring, 53 bridges and 234 km of drains and modified watercourses (P Wilson, pers. 

comm.). Furthermore, there are almost 500 km of private drains, although some 

secondary, shallow drains (<50 cm) have disappeared on sugar cane land after accurate 

grading of paddocks by laser levelling (P Wilson, pers. comm.).  
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Floodgates were initially installed on drains to facilitate a one-way passage of water off 

the land preventing reverse flows during high tides and river flows, and thus maintaining 

a drained landscape. This also prevented the saline inundations of land that previously 

occurred due to high tides or with seasonal salinity wedges moving within the estuary and 

further up the floodplain. Subsequently, more land was available to grow crops, 

particularly sugar cane, and, where other land was drier for longer, facilitated cattle 

grazing. 

Drainage, however, also accelerated acid sulphate soil formation and subsequent negative 

water quality effects, while floodgates prevented fish passage. A program of floodgate 

modification and revised drain management was initiated in 1997 with the Clarence 

Floodplain Project, and aimed to maintain high water levels in drains to limit acid 

sulphate soil formation, and to re-engineer floodgates to permit the two-way flow of 

water. Modified floodgates provided mechanisms for controlling water height in drains 

while still preventing the flooding of land, and created fish passage into the drains. In 

drains where this strategy has been implemented, acid discharge has decreased (P. 

Wilson, pers. comm.) and, as remarked above, fish have also benefited. Until now, the 

effects on waterbirds have not been evaluated. 

7.3. Methods 

7.3.1 Data Collection 

Sixteen sites were monitored over 2006 and 2007 (see Figures 7.1 and 7.2): 10 sites at 

drains on Harwood Island named (by Clarence Valley Council) M1 to M11 (there was no 

site M2); a remnant wetland (Site M12); and five sites at drains elsewhere on the lower 

floodplain named R1 to R5 (see Figure 7.3 for images of examples of each of these). 

The Harwood Island sites were located on drains with floodgates that were being re-

engineered to facilitate tidal-water exchange. These floodgates began a new operational 

regime in November 2006 and were monitored five times prior to this and four times 

after. For reference, the remnant wetland (M12) at the head of one of these drains (near 

M11) was monitored concurrently with the 10 drains. The five drains R1 to R5, selected 

for further reference and comparison, were without modification to their structure or 

management, and were monitored concurrently with the 10 Harwood Island drains but 
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only on the four post-modification dates. Table 7.1 shows the dates of monitoring. Sites 

were visited at various times from about 10 am to 4 pm on the dates shown. 

 

Table 7.1. Dates of observation of water birds and water quality sampling at flood 
mitigation drains at monitoring sites on Harwood Island (M1 to M12) and reference 
drains elsewhere on the Clarence River floodplain (R1 to R5) 
(● = floodgate on drain closed to water exchange; ◘ = floodgate on drain open to water 
exchange). 

 Date 

 2006 2007 

Monitoring 
Site 15/Mar 13/Apr 25/May 6/Sep 17/Oct 19/Dec 6/Mar 25/May 18/Oct

M1 –M12 ● ● ● ● ● ◘ ◘ ◘ ◘ 

R1 – R5      ● ● ● ● 
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Figure 7.1. Clarence Valley floodplain: (a) location; (b) without drains, showing natural 
watercourses only; (c) with flood mitigation and agricultural drains marked, and showing 
location of Harwood Island and reference monitoring sites R1 to R5.  
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Figure 7.2. Harwood Island and location of monitoring sites M1 to M12 (public drains 
marked in blue). 
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(a). Harwood Is Drain (Site M4) 25 May 2006 

 
(b). Remnant wetland (Site M12) 19 December 2006 

 
(c). Reference Drain (site R5) 19 December 2006 
 
 
 
 

Figure 7.3. (a), (b) and (c): Drains and remnant wetland, 2006. 
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At each visit, the species and number of waterbirds were recorded with observations by 

naked eye, binoculars or telescope from the same, single location at each site. Birds were 

assigned to various foraging groups, as detailed in Chapter 3: diving piscivores (dp); 

wading piscivores (wp); large wading omnivores (lwo); herbivorous grazers (hg); diving 

omnivores (do); dabbling ducks (dd); birds of prey (bop); and small waders (sw). 

Also at each site visit, single water quality samples were taken and measured on-site with 

a field meter for salinity and pH. On 18 October 2007 the cross-profile of each drain was 

measured using a tape measure, dumpy level and staff to determine ground levels, water 

levels, vertical distances from the tops of drains to water levels, and water depths (Table 

7.2). Water levels in the drains appeared to remain relatively constant, varying by less 

than 10 cm over the course of the study. An approximate distance of observation was 

measured at each site (Table 7.2) by pacing adjacent to the drain, allowing an estimation 

of the areas of water observed at each site, which ranged, approximately, from 0.02 to 

0.22 ha. 

7.3.2 Data Analysis 

Data were analysed by conducting a series of t-tests (two-tailed) for difference (p <0.05) 

between means of counts of waterbird numbers and species for each of: the 10 drains 

before the modification of floodgates (n = 5 each drain); the 10 drains after the 

modification of floodgates (n = 4 each drain); and the five reference drains (n = 4 each 

drain). An nMDS plot was prepared in PRIMER version 6 (Clarke & Gorley, 2006) to 

allow a visual comparison of the data for waterbird numbers and species. To detect 

possible associations between waterbird numbers and species, and chemico-physico 

attributes of drains, data were analysed for correlation using Minitab (Minitab, 2000) 

calculating the Pearson correlation coefficient (r) and p values. This was undertaken for 

means of waterbird data for all drains with width of water, vertical distance to water and 

water depth, and for total counts of birds and species for Harwood Island drains with 

salinity and pH because most variation in water quality was in those drains. 
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Table 7.2. Site attributes of drains monitored for waterbirds 2006-07 at Harwood Island 
(M1-M12) and reference drains elsewhere on the Clarence River floodplain (R1-R5). 
Refer to Figures 7.1 and 7.2 for site locations. 

Site Drain Name ~Distance of 
Observation 

(m) 

Width of 
Water (m) 

Vertical 
Distance to 
Water (m) 

Depth of 
Water in 
Drain (m) 

M1 Ferry 50 3.3 2.3 0.6 
M3 Wants Lane 100 3.1 1.6 0.4 
M4 Reedy Creek #1 200 8.8 1.7 0.9 
M5 Reedy Creek #2 100 10.5 0.2 1.0 
M6 Youngs #1 50 6.1 0.9 0.8 
M7 Youngs #1 100 7.2 1.1 0.9 
M8 Youngs #2 50 8.4 1.6 0.6 
M9 Narho Creek 200 5.1 1.1 0.7 
M10 Narho Creek 50 5.0 0.9 0.3 
M11 Narho Creek 100 3.5 0.2 0.3 
M12 Narho Creek 

(remnant wetland) 100 9.0 0.3 0.1 

R1 Woodford Is 
Extension 200 11.3 4.0 0.3 

R2 Palmers Channel 
(Marsh’s Drain) 200 10.2 0.8 0.3 

R3 Edwards Ck 200 7.6 1.8 1.8 
R4 Tyndale No. 1 200 6.7 2.6 0.6 
R5 Tyndale No. 2 200 7.1 2.4 1.0 
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7.4. Results 

The numbers of birds observed on the drains were very low (see Table 7.3) and in over 

half of the visits, no birds were recorded. A total of only 13 species was recorded, 10 on 

Harwood Island drains, and nine on the reference site drains. Pacific Black Ducks were 

the most widespread and abundant species (see Table 7.4). Dusky Moorhen and Purple 

Swamphen occurred in over half the sites, though typically with only one or two birds. 

Numbers were generally higher on the reference wetland (M12) than on the drains (mean 

of 13 birds per visit), with 14 species, including six not recorded in any of the drains (see 

Table 7.5). The reference sites away from Harwood Island appeared to have more birds, 

especially R1 and R2, with R2 having a large count of Pacific Black Ducks (240) on 25 

May 2007. While the reference sites appeared to differ from the Harwood Island sites 

they were not more similar to the wetland site. Furthermore, there were no significant 

differences in the numbers of species and birds between the two groups of drains (Table 

7.3).  

Despite very low numbers, all foraging groups except for small waders were represented 

on the drains. In contrast, the remnant wetland (M12) had two species of small waders but 

no diving species (Table 7.5). Whereas the composition of the waterbird fauna was 

clearly different in the wetland compared with the drains, there is little indication of a 

change in composition in the drains due to the opening of the floodgates (Figure 7.4). 

There were no significant differences between the numbers of species and birds in the 

Harwood Island drains from the period before floodgates were opened, and the period 

after (Table 7.3).  
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Table 7.3. (a) Number of waterbirds; (number of species), and means (s.e.) at drains on Harwood Island (M1-M11), before and after floodgate 
opening, and Reference Drains (R1-R5) elsewhere on the Clarence River floodplain, during monitoring visits in 2006-07. (b) Results of t-tests: p 
values. 

(a)            Drain M1 M3 M4 M5 M6 M7 M8 M9 M10 M11 
Before 
15/03/06 1 (1) 0 (0) 4 (3) 0 (0) 1 (1) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 
13/04/06 0 (0) 6 (2) 6 (2) 4 (3) 2 (1) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0) 
25/05/06 10 (1) 0 (0) 2 (1) 12 (2) 0 (0) 0 (0) 0 (0) 2 (1) 0 (0) 0 (0) 
6/9/2006 0 (0) 0 (0) 2 (1) 4 (2) 0 (0) 0 (0) 0 (0) 5 (2) 0 (0) 0 (0) 
17/10/06 0 (0) 0 (0) 6 (2) 3 (2) 0 (0) 0 (0) 0 (0) 8 (2) 1 (1) 0 (0) 
Mean No.s (se) 2.2 (1.96) 1.2 (1.20) 4 (0.89) 4.6 (1.99) 0.6 (0.40) 0 (0) 0 (0) 3.4 (1.36) 0.2 (0.20) 0 (0) 

Mean No. Spp (se) 0.4 (0.24) 0.4 (0.40) 1.8 (0.37) 1.8 (0.49) 0.4 (0.25) 0 (0) 0 (0) 1.4 (0.24) 0.2 (0.20) 0 (0) 
After 
19/12/06 6 (1) 1 (1) 10 (1) 5 (3) 0 (0) 0 (0) 2 (1) 7 (2) 2 (1) 0 (0) 
6/3/2007 0 (0) 0 (0) 5 (1) 14 (4) 0 (0) 6 (2) 0 (0) 2 (1) 0 (0) 0 (0) 
25/05/07 0 (0) 0 (0) 0 (0) 5 (2) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 
18/10/07 0 (0) 0 (0) 14 (3) 0 (0) 0 (0) 4 (2) 0 (0) 2 (1) 0 (0) 0 (0) 
Mean No.s (se) 1.5 (1.50) 0.2 (0.25) 7.2 (3.04) 6.0 (2.92) 0 (0) 2.5 (1.5) 0.2 (0.25) 2.8 (1.49) 0.8 (0.48) 0 (0) 

Mean No. Spp (se) 0.2 (0.25) 0.2 (0.25) 1.2 (0.63) 2.2 (0.85) 0 (0) 1.0 (0.58) 0.2 (0.25) 1.0 (0.41) 0.5 (0.29) 0 (0) 
Before + After           
Mean No.s (se) 1.9 (1.21) 0.8 (0.66) 5.4 (1.44) 5.2 (1.61) 0.3 (0.24) 1.1 (0.75) 0.2 (0.22) 3.1 (0.95) 0.4 (0.24) 0 (0) 

Mean No. Spp (se) 0.3 (0.17) 0.3 (0.23) 1.6 (0.34) 2.0 (0.44) 0.2 (0.15) 0.4 (0.29) 0.1 (0.11) 1.2 (0.22) 0.3 (0.17) 0 (0) 
 
Reference Drain R1 R2 R3 R4 R5    p  
19/12/06 6 (2) 11 (5) 2 (1) 1 (1) 0 (0) (b) t-test  No.s  No.s Spp 
6/3/2007 25 (4) 14 (2) 4 (3) 0 (0) 1 (1)  M before M after 0.619 0.915 
25/05/07 67 (2) 249 (3) 5 (1) 0 (0) 40 (1)  Reference M before 0.162 0.105 
18/10/07 31 (3) 14 (3) 7 (2) 5 (2) 0 (0)  Reference M after 0.170 0.112 
Mean No.s (se) 32.2 

(12.75) 
72.0 

(59.00) 
4.5 (1.41) 1.5 (1.19) 10.2 

(9.92) 
 Reference M All 0.166 0.105 

Mean No. Spp (se) 2.8 (0.47) 3.2 (0.63) 1.8 (0.48) 0.8 (0.48) 0.5 (0.29)      
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 Table 7.4. Mean number of waterbirds (s.e.) observed in flood mitigation drains in 2006–2007. Drains M1 to M11 (n=9), and reference drains 
R1 to R5 (n=4). See Table 7.1 for dates of observations. Waterbird foraging groups : diving piscivores (dp); wading piscivores (wp); large 
wading omnivores (lwo); herbivorous grazers (hg); diving omnivores (do); dabbling ducks (dd); birds of prey (bop); small waders (sw). 

Species (foraging 
group) M1 M3 M4 M5 M6 M7 M8 M9 M10 M11 R1 R2 R3 R4 R5 

Australasian Grebe 
(do)   

<1 
(0.1) 

<1 
(0.1)        

3 
(1.5)    

Little Pied 
Cormorant (dp)    

<1 
(0.1)     

<1 
(0.1)    

1 
(0.5)   

White-faced Heron 
(lwo)        

0 
(0.2) 

<0 
(0.1)       

Great Egret (wp) 
   

<1 
(0.1)            

Intermediate Egret 
(wp)            0    

Pacific Black Duck 
(dd) 

1 
(1.1) 

<1 
(0.2) 

2 
(1.2) 

3 
(1.2) 

<1 
(0.1) 

1 
(0.6) 

<1 
(0.2) 

2 
(0.7)   

25 
(12.5) 

65 
(58.4) 

3 
(1.5)

1 
(0.5) 

10 
(9.9) 

Grey Teal (dd) 
   

<1 
(0.2)            

Chestnut Teal (dd) 
   

<1 
(0.2)        

2 
(1.8) 

1 
(0.5)   

Hardhead (do)           1 (0.7)     
Wood Duck (dd) 

           
1 

(0.5)    
Swamp Harrier 

(bop)   
<1 

(0.1)             
Dusky Moorhen 

(hg) 
<1 

(0.1) 
<1 

(0.4) 
2 

(0.6) 
1 

(0.5) 
<1 

(0.2) 
<1 

(0.2)  
<1 

(0.1) 
<1 

(0.2)  5 (0.9) 
1 

(0.6)  
1 

(0.8)  
Purple Swamphen 

(hg) 
1 

(0.7) 
<1 

(0.1) 
1 

(1.1) 
<1 

(0.3)    
<1 

(0.2)   2 (1.5) 
1 

(0.8) 
1 

(0.3)   
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Table 7.5. Mean number of waterbirds per drain, presented in groups of drains: Harwood 
Island before and after opening of floodgates (10 drains); reference drains (five drains), 
and a remnant wetland. Mean totals are shown with and without Pacific Black Ducks in 
the counts. Waterbird foraging groups (see Table 7.4) are indicated (in parentheses). 

Harwood Is. 
Before 
floodgate 
opening 
(n=50) 

Harwood Is. 
After 
floodgate 
opening 
(n=40) 

Reference 
Drains 
(n=20) 

Remnant 
Wetland 
(n=9) 

 
Species 
(foraging group) 

Mean se Mean se Mean se Mean se 
Australasian Grebe (do) <0.1 0.03 0.6 0.38 

Little Pied Cormorant (dp) 0.1 0.04 0.1 0.10 

White-faced Heron (lwo) <0.1 0.02 0.1 0.05   0.7 0.29

Eastern Great Egret (wp) <0.1 0.03   0.1 0.11

Intermediate Egret (wp) 0.1 0.05 0.3 0.17

Pacific Black Duck (dd) 1.0 0.32 1.1 0.38 20.7 12.05 6.2 1.76

Grey Teal (dd) <0.1 0.04   

Chestnut Teal (dd) <0.1 0.04 0.5 0.36 1.4 0.75

Hardhead (do) 0.2 0.16 

Australian Wood Duck (dd) 0.1 0.10 0.2 0.22

Swamp Harrier (bop) <0.1 0.03   

Dusky Moorhen (hg) 0.4 0.14 0.4 0.18 1.4 0.49 0.1 0.11

Purple Swamphen (hg) 0.1 0.05 0.5 0.30 0.6 0.33 0.4 0.34

Cattle Egret (lwo)   0.7 0.33

Masked Lapwing (sw)   0.4 0.29

Latham’s Snipe (sw)   1.6 0.87

White Ibis (lwo)   0.3 0.33

Straw-necked Ibis (lwo)   0.1 0.11

Royal Spoonbill (lwo)   0.1 0.11

No. Spp 7 7 9  14

No. Foraging Groups 4 6 5  5

Mean Total No.s 1.6 0.40 2.2 0.59 24.1 12.43 12.8 2.17

Mean Total No.s excluding 
Pacific Black Ducks 0.6 0.15 1.1 0.35 3.4 0.87 6.6 1.82
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Location

Reference

Wetland

Harwood Before

Harwood After

 
Figure 7.4. nMDS plot of waterbird species presences and abundance at 11 sites on 
drains on Harwood Is before and after floodgate opening, on five reference drains and on 
a remnant wetland on Harwood Island. (Transformation: Fourth root; Resemblance: D1 
Euclidean distance; 2D Stress: 0.11). The unbroken oval line indicates the concentration 
of data for drains, and the dotted oval line indicates the concentration of data for the 
remnant wetland. 
 

The numbers of birds and numbers of species at a site were positively correlated (p <0.05) 

with the width of the drain (p = 0.018 and 0.036 respectively) but not to other physical 

habitat variables (Figure 7.5). Salinity and pH exhibited much more variation in the 

Harwood Island drains than at the references sites (drains and wetland) (Table 7.6). In the 

Harwood Island drains salinity was recorded from below 1 ppt to over 22 ppt, and pH 

from 6.4 up to 9.3. Meanwhile, at the Reference drains salinity was mostly below 5 ppt, 

although reaching up to 9.4 ppt in one drain, with pH between 6.5 and 8 in all these 

drains. The numbers of species, but not numbers of birds, at a site were negatively 

correlated with salinity in the Harwood Island drains (p = 0.015), while both the numbers 

of birds and the numbers of species at a site were positively correlated with pH (p = 0.012 

and 0.014 respectively) (Figure 7.6). 
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Table 7.6. Range from minimum to maximum of salinity (ppt - parts per thousand) and 
pH, at drains on the Clarence River floodplain during monitoring visits in 2006-07. 

Drain Salinity (ppt) pH 
M1 0.5-12.8 6.4-8.0 
M3 1.1-15.5 6.6-7.7 
M4 1.7-18.7 6.7-8.2 
M5 1.2-11.3 7.2-8.6 
M6 2.0-22.5 7.3-8.5 
M7 1.3-19.7 7.6-9.3 
M8 1.3-21.9 7.2-9.2 
M9 4.4-19.3 7.3-8.5 
M10 4.6-21.8 6.7-7.8 
M11 1.2-7.2 7.6-9.1 

M12 (Remnant wetland) 1.0-2.5 7.7-9.3 
R1 0.4-4.4 6.6-7.9 
R2 0.2-0.8 6.5-7.8 
R3 1.8-9.4 6.4-7.8 
R4 1.1-2.0 6.5-8.0 
R5 0.7-3.4 6.7-7.9 
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Figure 7.5. Mean numbers and species of birds at all drain sites (M1 to M11 and R1 to 
R5) relative to: (a) width of drain; (b) vertical distance from water surface to top edge of 
drain, and; (c) depth of water in drain. Significant associations (p <0.05) are indicated 
between: the number of species and width of water; and, the number of birds and width of 
water. 

 
r = 0.601 No. Birds 
 
r = 0.543 No. Spp 
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Figure 7.6. Number of waterbirds and species at Harwood Is drains (sites M1 to M11) 
relative to: (a) salinity, and; (b) pH. Significant associations (p <0.05) are indicated 
between: the number of species and salinity, the number of species and pH; and, the 
number of birds and pH.  
 

 

r = -0.244 No. Spp

r = 0.248 No. Spp 
 
r = 0.254 No. Birds 
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7.5. Discussion 

There are many reasons why low numbers and species of waterbirds were observed in the 

drains. Drains represent only a relatively small area of water compared to a wetland, are 

narrow and steep-sided, and are often sunken into the landscape and so permit poor 

visibility of potential predators. Drains are poorly vegetated within and around, and they 

have adjacent areas that are frequently disturbed due to agricultural activities, with sugar 

cane being harvested each year or two, and are themselves sometimes cleared of side 

vegetation (depriving some waterbirds of shelter), usually by herbicide treatment, as a 

standard agricultural practice for weed suppression (pers. obs.). 

Little can be inferred from the introduction of tidal flows into the drains. With no 

significant differences between waterbird numbers or species before and after the opening 

of floodgates, perhaps more time is required for suitable habitat to improve. Floodgate 

modifications may ultimately improve waterbird habitat in remnant wetlands and 

watercourses associated with the drains, as indicated by anecdotal reports subsequent to 

the current study (e.g., Thomas, 2008, appended, relating to near the vicinity of site M5).  

The continual fluctuation of salinity might impede the improvement of habitat. In this 

regard, tidal flows may actually be detrimental to potential resident waterbirds, with the 

constant and rapid fluctuations in water flows and salinity reducing the variety and 

abundance of potential food. Results suggest that there are more species at lower salinities 

in the drains, although this could be an aberration of a limited data set, and along with pH 

and the physical attributes of drains, requires the collection of additional data for a better 

understanding of the processes underway. The findings of other ecological studies of 

local drains and associated watercourses (Kroon & Ansell, 2006; Kroon & Ludwig, 2010) 

indicated that these processes are complicated, but that revised management can achieve 

significant results.  

While the areas of water considered in the current study were very small in comparison 

with the area of the individual wetlands studied in Chapters 3, 4 and 5, collectively, the 

drains could be an important local waterbird habitat, at least for some common species. In 

Chapter 3 it was indicated that the concept of area dependency (Paracuellos, 2006) did 

not apply to the natural wetlands under consideration. However, the concept may be more 

relevant to the consideration of drains, which can be considered as very small wetlands, 
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supporting only the common (area-independent) species that forage in near-shore 

habitats, particularly Pacific Black Ducks. Significant results for the width of drains in the 

current study (there are more birds and species in wider drains) support this notion. Any 

further research of drains and waterbirds could consider the entire area of the drains rather 

than segments, and include collection and collation of bathymetric information, as 

detailed in Chapter 4. 

Management Options 

There are few management options available to enhance waterbird habitat quality in these 

drains, especially given that their primary functions are as agricultural infrastructure. 

Decreasing their efficacy in this regard is likely to be strongly resisted by farmers. 

Nevertheless, the following strategies might assist waterbirds in existing drains: 

(i) Maintain high water levels to allow better access for swimming and diving birds. This 

may cause problems with over-topping where drains are graded to facilitate water flow; 

(ii) Maintain low water levels in drains to encourage habitat for wading birds. However, 

this strategy conflicts with strategy (i) and other strategies that encourage fish passage 

and suppress acid sulphate soil formation;  

(iii) Encourage the growth of floating macrophytes for waterbird habitat, above and 

below the water level, although establishment and growth of these plants are impeded by 

changing water quality, particularly salinity (Johns, 2010). 

Most recent best practice for the management of acid sulphate soils considers that, 

wherever possible, existing deep drains should be widened and shallowed (Tulau, 2007), 

a process that removes the steep batters of the drains. This is a practice that might have 

the secondary benefit of improving waterbird habitat. Such reshaping was undertaken on 

a 600-m section of drain on the Clarence River floodplain in 2004 (Hirst et al., 2009), and 

on at least 1.3 km of sections of drains on the Richmond River floodplain (north of the 

Clarence River) in 2008 (Yasmin Cabot, Richmond River Council, pers. comm.). 

Significant improvements in water quality were observed at both locations, although there 

are no reports on whether the reshaping resulted in increased waterbird use. 

Depending on funds, reshaping is likely to be considered by the Clarence Valley Council 

in the pursuit of continuous environmental improvement of public infrastructure, and 
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especially when as much re-engineering work as possible has been done on floodgates (P. 

Wilson, pers. comm.). However, drain reshaping is expensive with unproven value for 

birds, and few private landholders are likely to make financial outlays for environmental 

outcomes at the expense of production (M. Foley, pers. comm.). Furthermore, drains 

needs to be considered individually in this regard, as for some, the in-filling could be 

washed away by rainfall and flooding and so negating efforts to establish or improve 

waterbird habitat. Also and unfortunately, if more waterbirds are attracted to drain areas, 

the result could be perceived negatively by some farmers, as some waterbirds are 

potential pests to farm lands, particularly herbivores that eat crops or crop seedlings, e.g., 

swans, brolgas, swamphens and some ducks. Nevertheless, drains should be included 

when considering the management of local wetlands for waterbirds, as they are, at least, a 

physically prominent component of the mosaic of the floodplain’s wetlands. 

7.6. Conclusions 
This study provided no evidence that hydrological management could alter the use of 

drains by foraging waterbirds. It appears more likely that the physical structure of 

individual drains facilitates use by birds. It is possible that changing the physical structure 

of drains by reshaping with earthmoving equipment could improve waterbird habitat 

qualities, although more evidence is required that this is an effective method, for example, 

from sites where such earthworks have been undertaken. Furthermore, drain reshaping is 

expensive and, efforts may be better concentrated on the restoration of remnant wetlands 

and natural watercourses either associated with the drains, or elsewhere on the floodplain.  

Drains are not a substitute for natural wetlands with respect to waterbird habitat, although 

they can provide habitat for some common species such as Pacific Black Ducks, and 

collectively, the drainage system could provide important complementary habitat for at 

least a proportion of the local populations these species.  
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APPENDIX  
 
Thomas, M. 2008. Letter to Clarence Valley Council. Harwood Island. 
 

To whom it may concern, 

I want to express my thanks to the organisation responsible for the Project that culminated 

in the opening of the floodgates to the creeks and drains of Harwood Island. I live on one 

such little creek (Reedy, I believe it is called) and watched over the decades this little 

watercourse become a stagnant, smelly swamp. No self respecting bird went near it and it 

was far beyond being a habitat for any thing that lived under the water.  

Now I can't believe the wonderful change. I now have a living water course at my door. 

The blue kingfishers flit around constantly, the spoonbills wade along the shallows, the 

myriad of little birds abound!! There is a pulse with the tide flow that makes it live, and 

the little fish have returned in droves. Thank you. thank you. And what is more -- it no 

longer smells! 

A little step in the right direction, but very important to me. 

Mary Thompson   
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Chapter 8 

Managing wetlands for waterbirds on the Clarence River 

floodplain 

8.1. Introduction 

In previous chapters the importance of wetlands and waterbirds was discussed. Globally, 

the area and function of wetlands, and the waterbirds they support, are in dramatic decline 

(Wetlands International, 2006). Management strategies that include ways to preserve the 

remaining natural habitats are now required, while creating new habitats and restoring 

sites that are functioning poorly (Ma et al., 2010). 

Social and economic issues are important in wetland management (Turner et al., 2000). 

Social and human health problems have been linked to the increasing disconnectedness of 

people from their natural environment (“nature deficit disorder”) (Louv, 2005). Chapter 2 

detailed the historical, economic and social importance of waterbirds to people of the 

Clarence River floodplain, and how the adverse consequences of degradation of the 

wetland habitats there now requires ongoing management, particularly the restoration of 

the natural wetlands.  

Improvements in the management of wetlands are being sought continuously, particularly 

where they can mutually benefit multiple stakeholders, for example, from agriculture, 

nature and recreational opportunities, as documented in Australia (Whitten & Bennett, 

2005) and internationally (Turner et al., 2003). Improving outcomes for waterbirds by 

undertaking such management is very likely to have direct, economic benefits. Bird 

watching alone was estimated to have contributed US$36 billion to the United States 

economy in 2006 (Carver, 2009). 

Coastal management in Australia, including the management of coastal wetlands, is 

evolving and embracing the concepts and management practices of global environmental 

change, sustainable development, integrated resource management, and community 

movements and participation (Harvey & Caton, 2003). Although relying on government 

agencies, this management is often most effective when there is community acceptance, 

assistance, participation and ownership. This is because the undertaking of these activities 
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indicates that there is a successful integration of ecological benefits into the prevailing 

social and economic framework (Evans & Birchenough, 2001). 

Setting precise ecological targets in wetland restoration can be difficult because inter-

specific relationships are lost during degradation of the ecosystems, or if management is 

focussed on just a single species (Weller, 2004). This means that many attributes of a 

mature ecosystem are often unknown, although the pioneering, successional stages are 

most easily duplicated (Weller, 2004). Therefore, long term goals might need to be broad 

and flexible with management being perceived, at least initially, in an experimental 

framework (Lindenmayer et al., 2008). 

In this chapter I aim to provide a context for managing wetlands for waterbirds on the 

Clarence River floodplain, and outline the limitations and opportunities for future 

management. This is based on the findings of the previous chapters and additional 

personal observations and communications (pers. obs. and pers. comm., respectively) 

from 2005 to the present, weighed against the prevailing social and economic issues 

associated with current land use on the floodplain that affect waterbirds and their local 

wetlands habitats. 

8.2. An International Overview 

Globally, wetlands have been so degraded and depleted that their management is 

considered essential if waterbirds are to be conserved (Erwin, 2002; Taft et al., 2002). A 

management dichotomy has developed between artificial and natural wetlands (Ma et al., 

2010) with artificial wetlands becoming increasingly more important for waterbirds. 

Artificial wetlands are often natural wetlands converted to agricultural uses, particularly 

rice production in the northern hemisphere and tropical areas (Czech & Parsons, 2002). 

Many natural wetlands have been lost or degraded, although restoration of their remnants 

to a more natural state appears to be widespread in Northern America (Erwin & Beck, 

2007), Europe (Wolters et al., 2005) and Japan (Nakamura et al., 2006). Restoration can 

result in a rapid recovery of even heavily damaged ecosystems, with plant and animal 

communities, and ecosystem function, restored to freshwater systems within 10 to 20 

years (Jones & Schmitz, 2009). 

Hydrological manipulation of artificial and restored wetlands, to increase waterbird 

species richness and abundance, is widespread in Europe and North America (see also 
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Chapter 4). Strategies include “structural marsh management” and “moist soil 

management” (Anderson & Smith, 1999; Coops et al., 2004; Kaminski et al., 2006), and 

scheduled draw downs (of water on wetlands), to manipulate vegetation composition and 

structure (Erwin, 2002) and benthic invertebrate communities (Rehfisch, 1994) associated 

with various waterbird populations. The restoration of coastal wetlands often includes 

such strategies, and also the re-establishment of tidal flooding, which can involve 

considerable expense and major earthworks (Turner & Streever, 2002). Some localised 

techniques in North America include burning marsh vegetation to promote the growth of 

tubers and rhizomes for geese, and using explosives to diversify habitats (Baldassarre & 

Bolen, 2006). While acknowledging the success of each of the various techniques, there is 

a growing recognition of the difference between the maintenance of wetland area and 

maintenance of wetland function (Ma et al., 2010), with function linked strongly to 

hydrology (Middleton, 2002). 

The integration of waterbird management more broadly into wetland management is 

developing conceptually and practically. Knowledge of spatial and temporal scales, 

compatibility with other land uses, multiple species and ecosystem-based approaches, and 

habitat and population dynamics, are all issues that can be considered in managing 

wetlands for waterbirds (Erwin, 2002). There is much scope for future research and 

improved management to include these issues, and Ma et al. (2010) developed a set of 

priorities in this regard, as listed in Table 8.1. 



Chapter 8: Management 

 215

Table 8.1. Priorities for future research and management of wetlands for waterbirds (after 
Ma et al., 2010). 

 

Priorities 

i. Long-term studies and monitoring of temporal and spatial dynamics and processes 

of restored wetlands 

ii. Rigorous experiments at small to medium scales to separate the variables 

iii. Assessment of habitat requirements and quality for waterbirds in terms of net 

energy demands, time budgets and population dynamics 

iv. Locally-based research that applies research to practice 

v. Development of decision support systems to predict the effects of wetland 

management, incorporating socio-economic scenarios 

 

8.3. An Australian and Local Overview 

The importance of including waterbirds in wetland management strategies in Australia is 

well documented (Kingsford, 1998; Kingsford & Norman, 2002), and waterbirds are 

often important components of integrated approaches. In Australia, the appropriate 

landholders or land managers have the primary responsibility for managing wetlands and 

their associated flora and fauna, under the legislative and policy framework of the 

relevant state and territory government (DEWHA, 2010b).  

The management of wetlands for waterbirds in Australia, particularly by restoration and 

creation of new habitats, requires much more research. Understanding how Australian 

wetland systems and waterbirds function has relied greatly on research developed in the 

northern hemisphere, although fundamental ecological differences between the two 

locations for both wetlands and waterbirds are now apparent (Jenkins et al., 2005; 

Kingsford & Norman, 2002). Key strategies for managing Australian wetlands for 

waterbirds are halting habitat loss, protecting wetlands and waterbirds statutorily and in 

reserves, regulating hunting and undertaking restoration.  
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8.3.1 Conservation of Species and Habitat: Statutes and 

Reserves 

Native species in Australia are protected under relevant state/territory legislation (e.g., 

NSW Threatened Species Conservation Act, 1995), and federal legislation (Environment 

Protection and Biodiversity Conservation Act, 1999), including lists of those species that 

are threatened in that state/territory or nationally. Federal legislation also recognises 

international treaties such as the Ramsar convention on wetlands and migratory bird 

agreements (MBAs) with Japan, China and the Republic of Korea (JAMBA, CAMBA, 

RoKAMBA respectively). Legislation often also lists threatened ecological communities. 

Threatened species and ecosystems require special consideration under planning 

legislation and for land management purposes across Australia. More recently, and 

currently, regional biodiversity plans (e.g., Draft Northern Rivers Biodiversity 

Management Plan) have been, and are being, developed to integrate the recovery of 

threatened species and ecological communities into a socio-economic framework at a 

landscape scale (DECCW, 2009).  

Wetlands of important ecological significance in Australia are well documented in the 

Directory of Important Wetlands in Australia (DIWA) (Environment Australia, 2001). 

Only 4% (~188,000 ha) of the wetlands in NSW are in coastal catchments, with less than 

50% of these listed under DIWA (Kingsford et al., 2004). Many coastal wetlands in NSW 

are protected statutorily under the State Environmental Planning Policy No. 14 (SEPP 14) 

(Environmental Planning and Assessment Act, 1979), a planning instrument based on the 

mapping of over 1500 wetlands in 1985. Any disturbance to these wetlands, including for 

restoration, must consider their legal status, particularly with respect to clearing, 

construction, draining and filling works (Schaeper et al., 1999). About 35% of the area of 

coastal wetlands in NSW are protected either in reserves or by SEPP 14 (Kingsford et al., 

2004), and most of the wetlands of the Clarence River floodplain are protected in either of 

these ways. 

Over 11% of Australia is in a protected area of some sort (government and private) under 

the broad framework of the National Reserve System (DEWHA, 2010a). This system 

identifies representatives of all ecosystems for inclusion in the collective network of 

reserves based on biogeographical regionalisation, prioritising additional areas for 
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inclusion if they are under-represented. Wetlands of north-eastern NSW, including some 

of those on privately-owned land on the Clarence River floodplain, have been identified 

as a high priority for inclusion in the National Reserve System (DECC, 2008). However, 

conservation reserve status does not necessarily protect ecological function, particularly 

with respect to hydrology. 

Environmental Flow Management 

Since the mid-1990s, Australian governments and their bureaucracies have been engaged 

in water reform processes where the allocation of water considers environmental 

requirements (environmental water allocations) (e.g., NSW Water Management Act, 

2000), such as maintenance of waterbird populations. However, this has led to variable 

approaches in implementation due to a vast range of geographical, political, climatic and 

ecological differences across the country (Arthington & Pusey, 2003). Considerations of 

waterbirds can be readily accommodated in such water allocations when located at single 

sites and associated with a single allocation, e.g., large colonies of nesting birds in inland 

NSW where the impacts of water allocations are immediately obvious (Kingsford & 

Auld, 2005). On the NSW north coast where there is less regulation of rivers than the 

inland, and waterbird populations are spread across many catchment areas and at 

numerous small sites (i.e., wetlands), environmental flows are considered for their general 

ecological benefits rather than for waterbird populations in isolation (pers. obs.). 

8.3.2 Hunting 

Recreational hunting of waterbirds, specifically waterfowl, is permitted only in the states 

of Victoria, South Australia and Western Australia, although shooting is permitted in 

NSW to control pest birds in agricultural crops (Kingsford & Norman, 2002). The overall 

effects of hunting on waterfowl abundance in Australia are undetermined (Kingsford et 

al., 1999). However, there can be significant localised effects beyond the known high 

natural mortality rates among these species, and the ingestion of lead shot by these and 

other species is of ongoing concern (Kingsford & Norman, 2002). Unconfirmed 

incidences of illegal hunting of ducks do occur, as reported occasionally on the Clarence 

River floodplain (Anonymous, pers. comm.). 
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8.3.3 Restoration 

A review of wetland restoration in Australia up until 1996 (Streever, 1997) indicated the 

proliferation of projects to that time, but remarked that there was a general lack of clear 

and specific goals, and that monitoring was generally of low quality and insufficient 

duration. Wetland restoration in Australia has continued to proliferate since that time 

(pers. obs.), including in NSW, and is funded by non-profit organizations, the private 

sector, and local, state, and federal government. This is particularly through funding 

schemes of the latter such as the Natural Heritage Trust and its successor, Caring for Our 

Country (Australian Government, 2008). Projects are often small (1 to 100 ha, <$10,000, 

1-3 years) and concerned with either weed management and/or the control of livestock 

(pers. obs.), which are known to have adverse impacts on wetlands (Robertson, 1998). 

The regionally-based NSW government Catchment Management Authorities are major 

conduits of funds for wetland restoration in NSW, including the north coast of the state 

(NSW Catchment Management Authorities, 2009). 

Restoration of coastal wetlands has become common in Australia (Laegdsgaard, 2006) 

including modifications of one-way floodgates to allow water to be better manipulated 

(Glamore & Indraratna, 2009). Hydrological manipulations of tidal water into some 

wetlands has increased fish habitat (Kroon & Ansell, 2006) and ameliorated the effects of 

acid sulphate soils (Johnston et al., 2005; White, 2009).  

Drained wetlands are implicated in major fish kills on the NSW north coast, attributed to 

estuarine deoxygenation by hypoxic floodwaters, particularly during hot weather, caused 

by the death of by non-wetland plants (mostly pastures) in these wetlands (Wong et al., 

2010). These plants are intolerant of inundation and die when flooded, leading to 

decomposition processes that lower the oxygen in the water that is discharged into water 

ways via the drainage system, after the levels of the receiving waters drop (Wong et al., 

2010). Restoration of these wetlands is considered important in decreasing the incidences 

and severity of such fish kills. 

There is no documentation of the overall effect of wetland restoration projects on the 

status of waterbird species in Australia, and nationally many waterbird species continue 

to decline in abundance (Kingsford et al., 1999; Kingsford & Porter, 2009). Furthermore, 

knowledge of Australian waterbird ecology is probably insufficient to make a considered 
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assessment, especially when considering how long term recruitment has been affected by 

changed wetland hydrology (Jenkins et al., 2005; Kingsford & Auld, 2005).  

As no waterbird species have been delisted from threatened species legislation 

(Threatened Species Conservation Act, 1995), the possible impact of wetland restoration 

projects generally on Australian waterbirds is either: (i) providing no overall benefit to 

waterbirds; (ii) only helping to halt the decline of some threatened species or populations 

at certain locations; or (iii) possibly, benefiting mostly non-threatened species, e.g., 

Australian Wood Duck (Kingsford, 1992). Alternative explanations might be that: (i) 

degradation of other wetlands continues faster than the pace of restoration; (ii) 

insufficient data has been collected and analysed to make appropriate assessments; (iii) it 

may be too early for an assessment to be made due to long lag times; or (iv) possibly, 

there is a problem with the concept of threatened species and successful biodiversity 

conservation needs to think beyond this (Trimble & Aarde, 2010). In any case, it appears 

that relevant strategies need to be accelerated, changed or developed if waterbird 

conservation is to be successful. 

8.4. Planning 

8.4.1 Scale 

Waterbirds in Australia almost certainly operate at spatial scales much larger than those at 

which wetlands are managed (Kingsford & Norman, 2002; Roshier et al., 2001). 

Therefore, extra-regional factors could affect the apparent success of restoration efforts. 

Alternatively, successful restoration might not lead to increased waterbird numbers of one 

or more species, as these species might not be in sufficient abundance to re-establish 

locally, or conditions might be more favourable at other sites compared to, for example, 

the Clarence River floodplain.  

Records of large aggregations of waterbirds in recent decades have been from inland and 

northern Australia (Kingsford & Porter, 2009), e.g., 102,000 nests of Straw-necked Ibis at 

Narran Lakes, NSW (Ley, 1998) and up to 2-3 million Magpie Geese in Arnhem Land, 

Northern Territory (Bayliss & Yeomans, 1990). Indeed, the relative importance of the 

Clarence River floodplain, and coastal wetlands of southern and eastern Australia 
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generally, to waterbirds, is largely undetermined, but has certainly diminished historically 

due to the degradation of habitat there (see Chapter 2).  

Migratory waders operating at the global scale are inherently dependent on coastal areas 

(Lane, 1987), but many endemic Australian species are pan-continental, and are nomadic 

or move irregularly, with individual birds recorded in locations thousands of kilometres 

apart during their lifetimes (Roshier et al., 2001). In this regard, the restoration of part of 

a wetland, or a whole wetland might be a noble objective, but be of little consequence to 

species operating at landscape levels without broader restoration and management 

outcomes for the habitat for these species. Nevertheless, the importance of restoration on 

sites such as the Clarence River floodplain can not be dismissed, although the limits to its 

ability to restore waterbird habitat should be appreciated. What it does have is much 

potential for restoration and therefore, with appropriate management, the potential to 

increase its relative long-term significance. 

Although the landscape scale is acknowledged as an appropriate perspective for 

management, realistically this is difficult. Manageability tends to decrease as the unit of 

landscape scale increases in size, as depicted in Figure 8.1. For example, as indicated on 

the Clarence River floodplain, the most manageable unit of wetland is a piece of land 

with a single landowner (Figure 8.1). Negotiations regarding proposals for management 

of a wetland can falter when conflicts arise between its multiple owners (Peter Wilson, 

CVC, pers. comm.). In turn, this can be further complicated when there are multiple 

wetlands, one or more associated water courses, and terrestrial, social and economic 

issues to consider. 
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Figure 8.1. The relationship between the ecological significance to waterbirds, and the 
manageability of wetlands, of increasing landscape scale and complexity (after Erwin, 
2002). See locations in Chapter 3. 
 

8.4.2 Plans and Guidelines 

To avoid the perception of lack of obvious purpose, common for wetland management in 

Australia (Streever, 1997), guidelines and plans are required that offer a clear vision and a 

set quantifiable objectives for measuring progress (Lindenmayer et al., 2008). Table 8.2 

proposes a list of key issues for biodiversity conservation management at the landscape 

scale. Many of these issues set a context for managing wetlands on the Clarence River 

floodplain and can be considered, and incorporated into, future management guidelines or 

plans. 
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Table 8.2. Key issues to be considered when developing practical plans and guidelines 
for biodiversity conservation (from Lindenmayer et al., 2008). 

 
KEY ISSUES 

 
Setting Goals 
1. Develop long-term shared visions and quantifiable objectives. 
 
Spatial issues 
2. Manage the entire mosaic, not just the pieces. 
3. Consider both the amount and configuration of habitat and particular land cover types. 
4. Identify disproportionately important species, processes and landscape elements. 
5. Integrate aquatic and terrestrial environments. 
6. Use a landscape classification and conceptual models appropriate to objectives. 
 
Temporal issues 
7. Maintain the capability of landscapes to recover from disturbances. 
8. Manage for change. 
9. Time lags between events and consequences are inevitable. 
 
Management approaches 
10. Manage in an experimental framework. 
11. Manage both species and ecosystems. 
12. Manage at multiple scales. 
13. Allow for contingency. 
 

 

In recognition that conservation on its own has often not worked in Australia, it is 

important to acknowledge that plans and guidelines need to be developed to work within 

the existing framework of dominant land uses, both current and future (Lindenmayer et 

al., 2008). Important general practices that need to be considered in developing a plan for 

managing a wetland for waterbirds are given in Table 8.3. In setting quantifiable 

objectives, there must be recognition that management has limits, and specifically, there 

are limits to which management can increase birdlife (Weller, 1994). 

While acknowledging other land uses and the limitations of management, the potential 

negative attributes or consequences of restored wetlands also need to be recognised 

(Weller, 1994). For example, restored wetlands could: (i) create excessive water; (ii) 

sterilise land for some or all agriculture; (iii) attract herbivorous / granivorous birds 

(ducks, swans, geese) to adjacent crops and pastures; (iv) serve as potential weed banks, 

particularly for aquatic weeds; (v) increase mosquito habitat; and (vi) be of objectionable 

odour. 
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Table 8.3. Wetland management practices to provide waterbird habitats (after Ma et al., 
2010). 

 

• Identify species likely to occur at the site, and at what time of year 

• Identify the habitat requirements of target waterbirds 

• Set the wetland management objectives 

• Define how management can achieve habitat conditions 

• Identify factors that regulate habitat conditions 

• Develop management practices 

• Undertake short and long term evaluation: decide if management is meeting the 

objectives 

• Monitor waterbird dynamics 

• Adjust management where and when appropriate 

• Consider the social and economic constraints 

 

 

8.5. The Clarence River Floodplain 

8.5.1 Regional Context  

The Clarence River floodplain is located in the north coast region of NSW (see Chapter 2 

for details), sometimes referred to as the ‘northern rivers’ region. The region is 

experiencing increasing urbanisation with a rapid growth of population , as people are 

attracted to the mild climate and relatively good rainfall, soils, transport and 

communications (Institute for Rural Futures, 2008). Natural resource management, 

including for wetlands, needs to contend with these trends to prevent the over-

exploitation and degradation of land and water resources. Figure 8.2 indicates the major 

elements of the regional landscape which are also relevant for the management of 

wetlands on the Clarence River floodplain.  
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Figure 8.2. A generalised representation of the major landscape elements and interactions 
on the north coast of New South Wales (from Institute for Rural Futures, 2008), including 
for the Clarence River floodplain and its surrounds. Arrows indicate the main direction of 
influence on other landscape elements, showing wetlands connected directly or indirectly 
to most other elements. 
 

8.5.2 Review of Findings from Previous Chapters  

Since settlement by Europeans in the early 1800s, the landscape of the Clarence River 

floodplain has changed dramatically, with major drainage schemes from the 1950s 

onwards degrading over 90% of the area of wetland waterbird habitat. The resultant 

drainage infrastructure included ~500 floodgates, 110 km of levees, 234 km of 

government-owned drains, and ~500 km of privately-owned drains (Clarence Valley 

Council, 2009). Environmental problems became apparent when, along with the loss of 

wetlands, there was an enormous loss of fish and waterbirds, exposure of acid sulphate 

soils, increased occurrence of fish diseases and changed salinity regimes (Chapter 2).  

Local government initiatives since 1997 have instigated modifications to engineering 

structures such as floodgates and drains, for the inclusion of tidal gates and fish flaps, and 

installation of retention structures. Importantly, these initiatives included negotiated 

agreements with landholders to revise the hydrological management of wetlands via 

drains and floodgates. There are three major land uses currently on the floodplain, being 
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sugar cane farming, urban development and livestock grazing. Wetland areas that are 

important to waterbirds have only been retained in grazing land, although the ecological 

function of these wetlands remains depleted. Drainage and land use impact on urban areas 

and sugar cane land has been so intense that most wetland area and function have been 

lost. 

Field studies of waterbirds and wetlands from 2005 to 2007 (see Chapters 2 to 7) showed 

there is much variety among wetlands, and sometimes within wetlands, for both abiotic 

characteristics (size, depth, salinity) and presence of foraging waterbird species and 

numbers. The most abundant species on all wetlands monitored were Grey Teal, Pacific 

Black Duck, Black Swan, Purple Swamphen, Masked Lapwing, Straw-necked Ibis and 

White-faced Heron.  

While different species have different habitat requirements (related to salinity, water 

depths and vegetation), the major issue limiting the abundance of birds was the 

sustenance of area of water of sufficient depth. Many large wetlands often had few 

waterbirds, although historically they were reported to support large numbers. The 

relationship between depth and area of water on a wetland typical of the Clarence River 

floodplain is shown in Figure 8.3. Where water is fluctuating around a mean of 80 cm, as 

it was before drainage, the wetland had a much greater area of water (~100 ha) than it did 

with a mean depth of 50 cm after drainage (~10 ha). 

 

 

 

 

 

 

 

Figure 8.3. Depth-area curve (solid line) for a stylised wetland typical of the Clarence 
River floodplain. Mean water levels are indicated: upper dashed line indicates a natural 
mean-maximum water level; and, lower dotted line indicates a mean-maximum water 
level following drainage of the floodplain. 
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Different species can respond to different depths, however it appears that water is now 

too shallow for too long at most wetlands to maintain function as foraging habitat for 

waterbirds. This was clearly evident when comparing Little Broadwater to other 

wetlands, and suggests that to restore foraging habitat on many local wetlands, water 

should be maintained at depths of at least 30 cm for much of the area of each wetland for 

longer periods. In doing so, due to the wetlands’ profiles (particularly larger, flatter ones 

where there is a continuum of depths), this would simultaneously facilitate extensive 

areas of moist land (no free water), shallower (0-30 cm) water and deeper pools, some 

being >30 cm deep and others >100 cm deep. These shallower and deeper depths are 

important for various species. 

A major concern among restorers is the effect of the introduction of water of higher 

salinity into wetlands. The research indicated that although most waterbirds are tolerant 

of salinities at least up to 10 ppt, changing the salinity regime would affect species 

composition of the waterbird community. A few species appear limited to freshwater 

only, e.g., Comb-crested Jacana, while other species, such as the Eurasian Coot, White-

necked Heron, Australasian Grebe, Australian Wood Duck and Hardhead, although 

occurring widely, are more abundant in fresh wetlands. Changing the salinity regime in 

many wetlands might not affect species presence but could affect the relative abundance 

of each species. However, introducing extra water of higher salinity need not necessarily 

make the entire wetland more saline. Water can act as a wedge and retainer of fresher 

water in zones of wetlands more distal from drains and floodgates. Where water does not 

mix well, for example, due to substrate or vegetative barriers, zones could appear to 

function as separate waterbird habitats within the one wetland. Therefore, with careful 

control of flows through floodgates, the introduction of some higher salinity water might 

act as a hydrological wedge and maintain areas of fresher water in the upper reaches of a 

wetland. However, managers would need to proceed cautiously with such a practice with 

careful consideration for the flow dynamics, water quality, bathymetry and waterbird 

ecology specific to each wetland. 

The grazing of cattle on the floodplain wetlands was observed to change the structure of 

marsh vegetation which is important for waterbirds, as grazing was advantageous to many 

waterbird species by making the water more accessible. This was seen to be similar to the 

impact of herbivorous waterbirds, particularly Black Swans. They were thought to be an 
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important factor in the quantity of marsh vegetation in a wetland, having consequences 

for presence and abundance of other species. This was also found to be important for flow 

dynamics, with thick marsh impeding water circulation (White, 2009). While swans 

require deep water of large enough expanse for take off and landings, they also prefer to 

graze emergent vegetation in water that is at least ~20 cm deep and will graze out these 

areas first before grazing in shallower areas, including grazing on dry land and on 

submerged vegetation. Numbers of swans, and therefore grazing pressure, varies within 

and between years although appears stable during nesting until young are fledged. The 

significance here is that the growth of sedge appears to be a limiting factor to waterbird 

presence, and that grazing by either swans or livestock is needed to promote waterbird 

species diversity and abundance. From a management perspective, efforts could be made 

to either encourage the presence of swans with suitable water levels, or strategically 

modify the current grazing of wetlands by cattle while maintaining water levels that 

provide foraging habitat for waterbirds. 

A study of drains indicated that they provided habitat for relatively few species of 

waterbirds compared to natural wetlands. This was attributed to their shapes, which in 

cross-section were very steep sided, and in plan view were narrow - the former providing 

little habitat for wading species and the latter making it difficult for species to fly in and 

out. Furthermore, drains were often located in areas of intense agricultural use and the 

disturbance from farm practices was close and frequent. Reconnection of drains to the 

estuary by modification of floodgates did not appear to affect the presence and abundance 

of piscivorous waterbirds, that, it was speculated, might have been attracted to drains 

following improved fish passage. A possible modification to drains to improve their 

waterbird habitat potential is reshaping, a process undertaken on the nearby Richmond 

River floodplain (north of the Clarence) on 1.6 km of sections of drains for purposes of 

acid sulphate soil management (Yasmin Cabot, Richmond Council, pers, comm.). The 

process involves making the drain shallower by using earthmoving equipment to lower 

the slopes of the sides of the drains to be a wider V-shape, and in doing so could offer 

improved habitat for wading species. 

Overall, while waterbird species presence was often seasonal across the floodplain, the 

numbers of waterbirds showed no obvious seasonal patterns. Birds appeared to operate at 

a larger spatial scale than the floodplain. Different bird species respond differently 
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depending on behaviours, although extra regional influences might override what is 

happening locally. 

A most important finding of this research was the affirmation that hydrological 

manipulations via floodgates on drained wetlands can positively affect waterbirds by 

dramatically increasing their foraging habitat. Waterbird habitat on the floodplain can 

only be improved dramatically when inundation of wetlands is prolonged and not 

episodic, and realistically, this can only be done with revised management of floodgates 

and other hydrological control structures. 

8.5.3 Management Strategies and Techniques 

Reserves 

Most wetlands on the Clarence River floodplain are on privately-owned lands with few in 

conservation reserves. Cowans Pond (~6 ha wetland) is partly owned and managed by 

Clarence Valley Council as a nature reserve, and partly privately-owned and managed for 

livestock grazing. It has local ecological value as waterbird habitat (see Chapters 3, 4 and 

5), and is important for bird watching due to its ease of access. Yaegl Nature Reserve 

includes a forested (Melaleuca quinquenervia) wetland (~10 ha wetland) but provides 

little waterbird habitat due to the closed, dense vegetation (pers. obs.). The Everlasting 

Swamp State Conservation Area (~450 ha wetland) is predominantly marshland, and 

supports a high number of waterbird species, sometimes in high abundances (see 

Chapters 3, 4 and 5). The site has been heavily impacted by drainage and restoration is 

currently limited by an inability to manipulate the hydrology due to the floodgate 

structures being off-site.  

Covenants 

Efforts have been made to encourage landholders to place their wetlands under covenants 

for the purposes of conservation (Voluntary Conservation Agreements), however, there 

has been negligible acceptance of this due to the small amounts of compensation offered 

relative to the long-term nature of limitations on land use (Peter Wilson, CVC, pers. 

comm.). 
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Restoration and Management by Individuals 

Because much of the floodplain is privately-owned and used for agriculture, management 

of individual wetlands is the concern of private landowners. Funding is provided to some 

landowners for small wetland restoration projects, mostly as small grants (<$10,000) 

from government sources, and predominantly concerned with weed removal, tree planting 

and fencing out of livestock (Nigel Blake, Northern Rivers Catchment Management 

Authority, pers. comm.). Some offers of funding have been linked to covenanting. Many 

landholdings across the floodplain contain drains and/or floodgates, and many 

landholders manipulate local hydrology to suit their management style of wetlands. 

Hydrological Manipulation  

A range of hydrological control structures, mostly floodgates, exist to manipulate water 

levels on wetlands. Initially, most of these were constructed as one-way devices designed 

to keep water out and off wetlands, but now after modifications, can be used to 

reintroduce water (from floods or tidal influences) back into wetlands or retain runoff 

water from rainfall and overland flow. Earthworks can also be undertaken to manipulate 

hydrology by changing earthen levee walls and bunds, excavating silted areas and 

changing the cross-sectional profiles of drains. The ability to manipulate the quantity and 

quality of water allows various strategies to be considered. These include: (i) retaining 

fresh water; (ii) allowing tidal exchange with the receiving waters (river or estuary); (iii) 

allowing seasonal exchange with the receiving waters; (iv) continuing as before with one-

way drainage; or (v) undertaking a mixture of these strategies. Implementation of such 

strategies have been fundamental to the Clarence Floodplain Project (see Section 5.4).  

Wet Grazing 

Wet grazing is a concept promulgated by NSW government agencies to encourage 

floodplain livestock graziers to retain or introduce water on their drained wetlands to 

promote the growth of wet pasture species, particularly water couch Paspalum distichum 

rather than less nutritious dry land species (Clay et al., 2007). The practice is believed to 

benefit graziers while ameliorating acid sulphate soils, and although it was promoted to 

benefit waterbirds, observations during 2005 to 2007 indicated it resulted in only small 

and occasional benefits to waterbirds, reflected in data for Kennys wetland (see Chapters 

3 and 4).  
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Many graziers are reluctant to flood land with water of relatively higher salinities, 

especially if there is a risk that water could be entrapped, evaporate, concentrate and 

precipitate out salts causing crusting and scalding of the land. Otherwise, the limitations 

of wet grazing to restoring waterbird habitat include that: water is often not deep enough 

for long enough for long term habitat to develop; it does not include deeper water where 

pasture tends not to grow; and it is timed for the benefit of cattle foraging and not for the 

temporal variation of waterbird abundance. Furthermore, where wetlands have multiple 

owners, those landowners occupying only the deeper areas of the wetland are 

disadvantaged, because they are required to have deep water to service the wet pasture 

requirements of those in shallower areas. 

8.5.4 The Clarence Floodplain Project  

Hydrological manipulation for wetland management and restoration across much of the 

floodplain is undertaken by the local government authority, Clarence Valley Council, as 

custodian of the government-owned infrastructure such as floodgates and levees. Since 

1997, this management has been guided by the Clarence Floodplain Project (CFP) 

(Clarence Valley Council, 2009), an evolving strategy working collaboratively with 

government and private landholders, and recognising the links between hydrology 

wetland function. In recent years the CFP received national awards for its achievements 

in natural resource management, including recognition among Australasia’s top 25 

ecological restoration projects (SERI, 2009). An important aspect of the CFP was its 

community based approach and, by being consultative and inclusive, developed social 

networks and information sharing through regular meetings and newsletters, and 

extension from its staff. 

In general, the CFP has delivered excellent environmental outcomes with respect to fish 

habitat, water quality and connectivity between wetlands and the river and its tributaries. 

Increased tidal exchange, improved fish passage, raised water tables and lengthened 

durations of inundation in acid sulphate soil areas have been key to achieving these 

outcomes (Johnston et al., 2005; Kroon & Ansell, 2006; White, 2009).  

However, whilst outcomes for waterbirds have improved due to the CFP, and could 

continue to improve, gains so far have been modest and are apparent at a few wetlands 

only, chiefly Little Broadwater (see Chapters 3 and 4). Results from the previous chapters 
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suggest that the current abundance of waterbirds and area of functioning waterbird habitat 

remains far below that depicted in historical accounts (see Chapter 2). Current land uses 

on the floodplain, mainly sugar cane farming and livestock grazing, but also urban areas, 

severely limit the potential for restoring additional waterbird habitat and natural flood 

pulses to wetlands. However, alternative possibilities are emerging (see Section 8.6). 

8.5.5 Case Studies 

The findings presented in previous chapters indicated that Little Broadwater was the 

outstanding wetland of the Clarence River floodplain for foraging waterbirds. Of the 

wetlands monitored, it consistently supported the highest number of waterbirds and 

number of species. This was attributed to it being of large overall area, and the 

maintenance of sufficiently high water levels providing larger areas for foraging 

waterbirds. This contrasted to some other wetlands of large overall area (e.g., Edwards 

Creek, Everlasting Swamp State Conservation Area and Morans) that had consistently 

low water levels and therefore relatively small areas of habitat for foraging waterbirds.  

Small isolated wetlands, often not directly affected by drainage appeared to be important 

waterbird habitat in the matrix of floodplain wetlands. These wetlands were often 

continually fresh, maintained relatively stable water depths and areas, supported relatively 

high densities of waterbirds per overall area, and were habitat for the Comb-crested 

Jacana, a threatened species in NSW.  

For the management of other drained wetlands with floodgates installed, Little 

Broadwater provides an appropriate benchmark upon which to base management 

(including restoration) strategies. The wetland itself is the subject of ongoing speculation 

about future management with broad management objectives being developed by state 

and local government being: (i) reduce acid export; (ii) improve fish passage, water 

quality and waterway health; (iii) maintain and improve remnant terrestrial and aquatic 

ecosystems; (iv) maintain and improve agricultural productivity; and (v) rehabilitate and 

restore terrestrial and aquatic ecosystems (DPI & CVC, 2006).  

Mindful of the above objectives, White (2009) defined three possible management 

strategies for Little Broadwater: (i) seasonal/adaptive management; (ii) tidal flushing; and 

(iii) a return to previous management, but warned that the latter would probably 

negatively affect most of the above objectives, except for agricultural productivity, as it 
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involved the maintenance of consistently low water levels. Whatever strategy or 

combination of strategies was to be adopted, continuing monitoring was recommended 

for hydrological and ecological parameters over a time period of 10-20 years to document 

ecosystem changes (White, 2009).  

Research findings presented in Chapter 3 indicated that the Everlasting Swamp State 

Conservation Area supported low numbers of waterbirds and species, as remarked upon 

previously, although the total number of species recorded at the site was high (39, cf 46 at 

Little Broadwater). The site, in its current state, is limited in its restoration potential in 

that the current hydrological control structures that affect its water levels are not situated 

within its boundaries. Furthermore, these structures are used to maintain water levels 

appropriately low for the purposes of cattle grazing on an adjoining property which also 

contains the larger part of the wetland (The Everlasting Swamp) of which the State 

Conservation Area forms part. However, purchase of the adjoining grazing property as an 

extension to this reserve is now a high priority for the NSW government (Shelley 

Braithwaite, DECCW, pers. comm.). 

A successful acquisition of the Everlasting Swamp would mean the whole wetland would 

be under the control of one landowner (NSW Government), and furthermore its 

designated land use would be for conservation purposes, including conservation of 

waterbirds. In this regard the Everlasting Swamp offers the potential for restoration of the 

largest area (~1,500 ha) of waterbird habitat on the Clarence River floodplain, and 

probably within coastal NSW (pers. obs.). Furthermore, restoration would provide 

considerable extra habitat for fish, and protect ecologically significant vegetation 

communities that exist on the site (pers. obs.). Importantly, restoration would appear to be 

relatively straightforward as the maintenance of water levels over a large area of land are 

controlled by one or two floodgates.  

As part of the possible restoration process of the Everlasting Swamp, additional flow 

control structures placed within the wetland’s drainage network could allow future 

experimental manipulation of natural and artificial zones (paddocks surrounded by small 

drains) to examine waterbird responses to, for example, water levels and salinity (cf 

Collazo et al., 2002; Gawlik, 2002). Even more in the site’s favour, Little Broadwater is 

part of the Everlasting Swamp wetland cluster, as is Imesons Swamp, another nearby 

large wetland (~200 ha) also being considered for inclusion in the reserve system. With 
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the maintenance of higher water levels on the Everlasting Swamp, its habitat qualities for 

foraging waterbirds would be expected to increase quickly. Indeed, marsh vegetation and 

many waterbird species were observed to appear in the Little Broadwater wetland soon 

after the introduction of water after being dry (White, 2009) although monitoring was not 

undertaken to quantify the differences. 

8.5.6 Unknown Issues 

Groundwater 

Groundwater plays an important role in Australia’s water budget (Arthington & Pusey, 

2003). However, much is unknown about the role of groundwater in coastal wetlands, 

despite recent major advances in the management of acid sulphate soils in these areas 

(White, 2009). Restoration by hydrological manipulation on the Clarence Valley 

floodplain is largely focussed on surface water and its manipulation, although recent 

research indicates that the contributions of groundwater to the salinity and nutrient levels 

in coastal wetlands are significant, possibly more so than surface water (Glamore & 

Indraratna, 2009; Santos et al., 2008; 2009). The possible implications for waterbird 

habitat are many, and the associations with groundwater in coastal wetlands are largely 

unknown. The implications are wider still if considered at a landscape level for the effects 

of drainage and restoration of sub-surface water across the floodplain. 

Climate Change 

Climate change and subsequent sea level rise have been identified as a critical 

environmental threat to coastal wetland ecosystems in Australia in the 21st century 

(Australian Government, 2009). There is the potential for salinisation of some freshwater 

wetlands and permanent inundation of some tidally-influenced wetlands (Dunlop & 

Brown, 2008). Higher sea levels may squeeze out coastal wetlands, particularly so where 

they are situated between open water and urban development, as has been predicted, for 

example, in North America in San Francisco Bay (Takekawa et al., 2006). Increasing 

urbanisation of the NSW north coast, including the Clarence River floodplain, combined 

with rising mean levels of water in wetlands, is likely to have implications for urban 

planning and the natural capacity of wetlands as waterbird habitats in future years. 
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8.6. Management in Practice: looking forward 

8.6.1 Waterbird Species and Habitat Requirements 

There are over 50 species of waterbirds that occur on wetlands of the Clarence River 

floodplain (see Chapters 2, 3, 4 and 5) which can be grouped when considering how to 

manage wetlands. Groups and their composition are shown in Table 8.4. The habitat 

requirements of the species can vary by group, but also vary within each group, as 

summarised in Table 8.5. While there is often much overlap, as indicated, it would be 

difficult to achieve the habitat requirements of all species at one wetland at one time.  

Initial decisions are required with regards the target species, group or groups of birds, 

against the capability of the wetland or wetlands to support these. For example, if the 

target species was the Comb-crested Jacana, the management focus would be on 

maintaining fresh water (Chapter 5) in the target wetland(s) with suitable depths (Chapter 

4) at all times, and therefore only wetlands with these capabilities would be considered. 

Similarly, for any other species or group, the capability of the wetlands to support the 

appropriate depth, salinity and other habitat requirements needs to be considered.  

Typically, the aims of management are broad (pers. obs.), such as to improve habitat for 

as many species as possible. If so, management must be considered in a spatial and 

temporal framework (Erwin, 2002) so that various wetlands are managed differently with 

some having seasonal differences in management methods. For example, some wetlands 

would be maintained fresh while others had fluctuating salinities and depths to suit the 

various species and groups at certain periods of the year. As shown in previous chapters, 

a variety of habitats already exist across the floodplain. So, on selected wetlands 

managers could seek to work with the natural features of each wetland, and at locations 

and times where and when the management outcomes can be most readily achieved, for 

example, with the strategic use of floodgates simulate the natural flood pulse. 
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Table 8.4. Groups of waterbirds for management on the Clarence River floodplain. Based 
on information presented in previous chapters. 

Management Group Composition of Group 

Individual Species Over 50 species. Can be considered individually, as multiple 
species, or as entire group.  

Foraging Group Diving Omnivores; Diving Piscivores; Wading Piscivores; Large 
Wading Omnivores; Dabbling Ducks; Herbivorous Grazers; 
Small Wading Birds; Birds of Prey  

Threatened Species Black-necked Stork; Brolga; Magpie Goose; Comb-crested 
Jacana 

(Also: Eastern Osprey, a bird of prey generally not included as a 
waterbird; and Cotton Pygmy Goose, rarely observed locally) 

Seasonal Species Migratory Waders: Sharp-tailed Sandpiper; Bar-tailed Godwit; 
Latham's Snipe; Common Greenshank; Marsh Sandpiper; 
Whimbrel; Eastern Curlew; Pacific Golden Plover 

Keystone Species Black Swan - its herbivorous activities can have an effect on a 
wetland of greater proportion than other species (see Chapter 6) 

Nesting Other than migratory waders, most species nest on the floodplain, 
often on wetlands separate from foraging sites, and sometimes 
not in wetlands (e.g., in adjacent woodlands) 

Moulting Moulting is a critical  period in the life cycle for waterfowl when 
they are flightless for about one month and thus more vulnerable 
to predation 

 



Chapter 8: Management 

 236

 

Table 8.5. Habitat requirements of management groups of waterbirds on the Clarence 
River floodplain. Based on information presented in previous chapters. 

Management Group Habitat Requirements of Group 

Individual Species Varies with each species in  

• water depths (see Chapter 4),  

• salinity (see Chapter 5) and  

• vegetation 

Foraging Group • Diving Omnivores and Diving Piscivores: generally 
deeper water >30 cm, varying salinities  

• Wading Piscivores, Large Wading Omnivores, Dabbling 
Ducks, Herbivorous Grazers, Small Wading Birds and 
Birds of Prey: generally shallower water of varying 
salinities, or moist areas, sometimes mudflats 

Threatened Species • Black-necked Stork: water <30 cm deep of varied salinity 

• Brolga: water <30 cm of varied salinity, and moist areas 

• Magpie Geese: freshwater <30 cm deep in marsh 

• Comb-crested Jacana: freshwater >30 cm deep with 
floating vegetation 

Seasonal Species • Migratory Waders: September to May only (at most), 
water <30 cm deep in marsh, moist areas or bare mudflats 
with varied salinity. However, only Latham's Snipe and 
Marsh Sandpiper often observed at fresh sites. 

• Latham's Snipe: dense grass or sedge at water’s edge 

Keystone Species • Black Swan: generally deeper water >20-30 cm, marsh 
and open water mix, varying salinities (see Chapter 6) 

Nesting • If wetland dependant, usually water >30 cm deep 

Moulting • Areas >30 cm deep are needed to offer refuge to  
moulting (flightless) birds 
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8.6.2 Wetland Management Strategies and Objectives 

It is important for the management of a wetland to have clear and measurable objectives. 

Deciding on the waterbird species, or group of species, for which the wetland is to be 

managed then requires development of a strategy to achieve this. The various 

management strategies based on hydrological manipulation (discussed in Section 5.3.3) 

are listed in Table 8.6, including a summary of how each strategy would regulate or 

achieve habitat conditions relevant for various species or groups. 

Table 8.6. Management and factors regulating habitat conditions for various species or 
groups of waterbirds on the Clarence River floodplain. 

Management Strategy Habitat Conditions for Species or Groups 

Retaining Fresh Water Freshwater habitats. Suitable for most species and 
groups depending on water depths and hydroperiod. 

Tidal Exchange  Temporal fluctuation of habitats daily and seasonally 
with water depths, wet areas and salinity. Continuously 
fluctuating wet or moist shallow areas, occasionally 
deeper. Potentially more fish, so would suit piscivores 
and mobile wading species, not dependant on site for 
nests. Possible visitation by opportunistic freshwater 
species. 

Seasonal Exchange  Mostly freshwater habitat, exchanging water only 
during times of low salinity in receiving waters. 
Suitable for most species and groups depending on 
water depths and hydroperiod. 

Continuing As Before  Suitable for few species and groups and in low 
abundances. At most sites suitable for mobile 
opportunistic foragers; sites affected by drainage 
(generally smaller) suitable for various species 
depending and salinity and water depths. 

Mixture of Strategies. Potential for creating habitats for different species and 
groups at different times of year. 
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8.6.3 Social and Economic Issues 

As discussed previously, a range of socio-economic issues limit the range and scope of 

wetland management strategies, and at present on the Clarence River floodplain managers 

are not planning primarily for nature conservation (including waterbirds). Other priorities 

include: agricultural productivity for crops and pastures; amelioration of acid sulphate 

soils; and fisheries. Table 8.7 lists the range of hydrological scenarios relating to the 

attitudes of various landholders for the management of their land. As shown there are a 

variety of attitudes, but there is overlap and varying degrees of compatibility of the 

various management scenarios.  

Table 8.7. Management Scenarios according to agricultural landholder preferences for 
depth and salinity of water in wetlands on their properties. Based on personal 
observations and personal communications 2005-2007. 

Management 
Scenario  

(Water Levels) 

Attitude and Reason 

Constantly Low Must be dry as much as possible: e.g. sugar cane, crops; can not 
flood; need to exclude tidal saline water.  

Constantly High Must be wet as much as possible: e.g. as a water storage, watering 
source for livestock. Fresh water is withheld but sometimes this 
depends on the size of the property, as graziers don’t want all land 
to be consumed by water or for too long as pasture is sacrificed.  

Variable but 
Carefully Managed 

Partially manipulate: will accept some water but to exclude saline 
or high water levels e.g. Kennys wetland. Some landholders will 
accept the passage of water through drains to natural wetlands, 
previously isolated by drainage. 

Managed  Fully manipulate to simulate a natural wetland with suitably high 
water levels and salinity regime, and natural flood pulse. 

Constant and 
Unmanaged 

Landholders interested in nature conservation. Aim for a self-
sustaining, ‘natural’ wetland. 

Variable and 
Unmanaged 

Apathetic, but usually with respect to land inconsequential to 
productivity or lifestyle. 
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Scales of the compatibly for the various land uses are given in Table 8.8. Land used for 

waterbirds is most compatible with land used for conservation in general, remnant native 

vegetation and fish habitat. Tourism was thought to be highly compatible with waterbirds 

because of a local and general interest in ecotourism e.g., bird watching (pers. obs.). The 

lowest compatibility was between cropping and waterbirds, as sugar cane farming in 

particular requires there be as little other vegetation, and free water, on the land as 

possible (Table 8.8).  

Types of land use are not static over time (see Chapter 2), and Table 8.9 presents a 

consideration of restoration potential of wetlands with various current land uses. While 

the possibility for restoring wetlands on sugar cane land is nil to low under present 

management, the probability of improving waterbird habitat there, if restoration was to be 

undertaken, is considered moderate due to waterbird habitat on these lands being so poor 

at present. In contrast, natural wetlands in conservation areas are already of relatively 

high quality waterbird habitat, so even though their management could be improved, the 

probability that waterbird habitat there would be improved is low (Table 8.9).  

Restoration of wetlands on grazing land offers a very high probability of achieving 

improvements, as many of these wetlands were historically of high quality waterbird 

habitat and remain structurally intact. However, the possibility of restoration by 

hydrological manipulation on these lands is often limited by the reluctance of graziers to 

retain water on their land to suitable depths and duration. Offering most potential are 

currently degraded wetlands on conservation land, where the possibility of restoration is 

high, and although limited by available funds have a very high probability for improving 

waterbird habitat. The Everlasting Swamp, discussed previously, is the main example of 

this scenario. 
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Table 8.8. Subjective assessment of the compatibility of land uses on the Clarence River 
floodplain: 1. Nil to Very Low; 2. Low; 3. Moderate; 4. High; 5. Very High. Based on 
distribution and abundance of waterbirds at various wetlands observed 2005-2007 (see 
Chapters 2 to 7) and personal communications. Shading indicates a very high 
compatibility, with figures in bold indicating a very high compatibility with waterbirds. 

          
Livestock Grazing 2         

Conservation (General) 1 3        
Remnant Native Veg. 1 3 5       

Fish Habitat 1 3 5 5      
Tourism 1 3 5 3 5     
Urban 1 2 1 1 1 4    

Waterbirds 1 3 5 5 5 4 2   
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Table 8.9. General, subjective assessment of restoration potential of wetlands by 
hydrological manipulation or other means under different land uses: (a) Possibility for 
restoration of waterbird habitat to be undertaken under current land use scenarios; (b) 
Probability that if restoration was undertaken it would achieve improved outcomes for 
waterbirds. Scale: 1. Very Low; 2. Low; 3. Moderate; 4. High; 5. Very High. Based on 
general observations 2005-2007 (see Chapters 2 to 7) and personal communications.  

   Land Use   

Landscape 
Feature  Livestock 

Grazing 

Sugar & 
Other 
Intensive 
Farming 

Conservation 
Other e.g. 
Urban, 
Roads 

Drained Wetland Possibility 2 1 4 1 
 Probability 4 3 5 3 
Natural Wetland Possibility 3 3 4 3 
 Probability 2 3 2 3 
Constructed 
Drain Possibility 3 3 4 1 

 Probability 1 2 2 2 
Natural Channel Possibility 3 3 4 3 
 Probability 2 2 2 3 
 



Chapter 8: Management 

 241

8.6.4 Monitoring 

Important components of management are monitoring and establishing mechanisms to 

adjust management practices to reflecting the results of this monitoring. A list of 

monitoring components for wetlands managed for waterbirds and methods to achieve 

them is given in Table 8.10. A rigorous process of monitoring and adjustment might be 

required for 10-20 years from the beginning of a restoration project, to document 

ecosystem changes and adjust practices to optimise the management outcomes. 

Table 8.10. Components and methods for the monitoring of wetlands managed for 
waterbirds on the Clarence River floodplain. Based on pers. obs. 2005-2007. 

Monitoring Component Method(s) 

Water Levels Gauges; automatic loggers 

Water Area Bathymetric survey combined with water level records; 
field measurements 

Bird Numbers Visual counts 

Species Numbers Visual identifications 

Waterbird Nests Visual counts 

Water Quality  Salinity, pH, nutrients and metals measured with: field 
instruments; automatic loggers; field samples and laboratory 
analyses 

Duration of Inundation 
(Hydroperiod) 

Frequent and regular measurement of gauges; automatic 
loggers 

Vegetation  Visual identification and field measurement of structure and 
species composition 

Weeds Frequent and regular field inspection for aquatic weeds 

 

8.6.5 Management Practice 

The components for inclusion in a guideline or plan for the management of a wetland for 

waterbirds are shown in Figure 8.4. As shown, each of the issues discussed previously are 

important in developing an integrated approach to management. 
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Figure 8.4. Components and flow path for a guideline or plan, for managing a wetland 
for waterbirds on the Clarence River floodplain.  
 

Wetland Site 

Management Objectives 
(Waterbirds: one or more, species or group) 

Socio-economic Considerations 
• Agriculture 

• Urban 
• Other 

Integrate Other Management Considerations 
• Acid Sulphate Soils 
• Fish Habitat 
• Agricultural Productivity 

Hydrological Manipulation 
• Salinity: fresh / variable 
• Water levels: maximum depths 
• Water levels: fluctuating or stable 

Monitoring and Evaluation 

Adjustment 

Active Management Passive Management: natural 
hydrology; self sustaining 
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8.6.6 Data Gaps and Uncertainties 

Additional Data and Research 

Further relevant research and data gathering will be of continuing use in improving the 

management of wetlands for waterbirds. This includes aspects such as: (i) more 

bathymetric survey of increasing accuracy, probably assisted by airborne laser technology 

(see Chapter 4); (ii) comparisons of the functioning of restored wetlands to natural and 

artificial wetlands, and the integration of other studies such as trophic dynamics and 

carbon issues; (iii) integration of local studies into landscape-scale studies, possibly 

assisted by satellite tracking of individual waterbirds, and including studies of the 

relationships between nesting and foraging sites; (iv) long term hydrological studies 

(including of groundwater) of local wetlands assisted by automatic logging devices; and 

(v) moving beyond the study of waterbirds that use only raw counts or density estimates 

(Erwin, 2002) and more into the significance of the relative roles of species in the 

wetlands as suggested by the study of grazing by Black Swans (see Chapter 6). 

The Relationship of Agricultural Practices to Waterbirds 

The effects of agriculture on waterbirds appeared clear when considering hydrological 

management, particularly the drainage of wetlands (see Chapter 2). This appeared almost, 

if not entirely, negative. The Australian Wood Duck is reported to be one of the few, if 

not only, species of waterbirds to have benefited from agricultural development in 

Australia (Kingsford, 1992). However, other waterbirds do exploit agricultural land, 

including both dry cropping and pasture lands (e.g., Brolga, egrets, ibises) (see Chapters 2 

and 3), and in altered landscapes these could represent important foraging sites. 

Studies of intensively farmed land in southern Sweden (Grönroos, 2003) and east Britain 

(Gillings et al., 2007) showed that the Eurasian Golden Plover Pluvialis apricaria and 

Northern Lapwing Vanellus vanellus favour such areas over other areas, and therefore a 

change to farming practices there might adversely affect these species. Similar species in 

Australia, the Masked Lapwing Vanellus miles and Pacific Golden Plover Pluvialis  fulva 

occur on the Clarence River floodplain. The Pacific Golden Plover breeds in, and 

migrates from, eastern Siberia and western Alaska each year, and was observed locally in 

low numbers (<20) on dry edges of some floodplain wetlands in summer months from 

2005 to 2007. Conversely the Masked Lapwing was often observed at most wetlands 
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during this time, and also in dry pasture, where it was even observed to nest (pers. obs.). 

Very little is known about the importance of agricultural land to waterbird species locally, 

and what effects (if any) changing agricultural practices could have on these species. 

Waterbirds in the Landscape: If We Build It, Will They Come? 

The underlying assumption to managing wetlands for waterbirds, and particularly 

undertaking restoration activities for this purpose, is that it will lead to an increase in the 

number of waterbirds and species using these wetlands. However, this is one of the 

greatest uncertainties in management and assumes that waterbirds will come to the 

Clarence River floodplain in preference to other locations. The mobile nature and 

irregular movements of many Australian waterbird species, the decline in their numbers 

and habitat (Kingsford & Norman, 2002), and the varying seasonal availability of 

alternative habitats, make it difficult to deduce the relative overall importance of the local 

floodplain to Australian waterbirds. This underlies the importance for long term research 

of the wetlands and waterbirds both here and at the landscape level.  

Decision Making 

Decision making is a difficult process in ecological management due to the uncertainties 

of outcomes, and is usually undertaken with inadequate levels of knowledge (Burgman, 

2005). Dealing with uncertainty and information gaps can be accommodated in 

management by, for example, preparing “Decision Tables” and “Classification and 

Regression Trees” (CARTs) (Burgman, 2005). Model selection and “Adaptive 

Management” are often mentioned in ecological management (Lindenmayer et al., 2008) 

although such processes are often poorly applied to wetlands in Australia (Richard 

Kingsford, UNSW, pers. comm.). These difficulties underlie the importance for long term 

monitoring of waterbirds and wetlands, and the improvement needed in the ability to 

adjust management based on monitoring results. 
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8.7. Conclusions 

There is an obvious need for better management of wetlands for waterbird habitat, 

globally and in Australia. The Clarence River floodplain, with its wetlands of historical 

significance to waterbirds, could play a major role in conserving threatened species and 

providing much increased functional area for many Australian waterbird species in 

general.  

In managing wetlands for waterbirds it is important to have clear objectives, focussed on 

one or more species, or groups. Often, management objectives for one species or group 

will compliment another species or group. Furthermore, managing wetlands for 

waterbirds may compliment, or be compatible with, other land uses and other broader 

management objectives, such as fisheries productivity or water quality. Appropriate 

strategies to achieve the objectives should be selected based on the best available research 

and data. Management should include the monitoring of quantifiable parameters as 

indicators of progress, which should in turn influence, and be allowed to change, ongoing 

management practices. 

While all waterbird species could be expected to benefit from improved management of 

wetlands on the Clarence River floodplain, the knowledge of some of these species is 

inadequate at present, reinforcing the need for further and long term research and 

monitoring of these species and their habitats locally and at the landscape level. 

Appropriate hydrological manipulation of wetlands via floodgates and drains appears to 

be effective in maintaining better waterbird habitat on the Clarence River floodplain, 

exemplified at one wetland in particular, Little Broadwater. Opportunities for similar 

approaches replicating these strategies are limited on the floodplain under the prevailing 

land uses and management. However, of all potential sites for restoration on the 

floodplain, the Everlasting Swamp presents the most potential for the future. 
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Chapter 9 

General Conclusions 

The wetlands of the Clarence River floodplain support diverse waterbird habitats. These 

habitats have diminished much in area and function relative to their historical condition, 

and consequently the numbers of waterbirds hosted by these wetlands have declined 

dramatically, even within living memory. Waterbirds provide a strong and important link 

between humans and the natural environment of the floodplain, and people have formed 

various associations with waterbirds and the local wetlands upon which they depend, 

currently, and historically. Recent trends in restoration and improved management of 

local wetlands offer much hope that waterbird habitats will continue to increase in area 

and function in the future. 

The Clarence River floodplain naturally supports many broad, shallow wetlands of high 

value to foraging waterbirds. European settlement on the Clarence River floodplain, since 

the early to mid 1800s, changed how these wetlands were used by displacing the resident 

populations of Aboriginal people, introducing agriculture, and undertaking major 

drainage schemes. Many wetlands have been lost in the altered topography, but many 

others remain although often with reduced function as waterbird habitat, because water is 

maintained artificially at consistently low levels. There remain, however, some wetlands 

of high quality waterbird habitat. 

The spatial and temporal variation of waterbird habitat between and within wetlands of 

the floodplain is strongly influenced by the general climate, seasonal rainfall and the 

hydrological management of many of the wetlands, particularly via floodgates. The 

different waterbird species have a range of foraging habitat requirements relating to the 

depths and salinity of water in a wetland and the maintenance of these variables. These 

two variables are the ones most easily, and most often, manipulated by local wetland 

managers.  

Hydrological manipulations via floodgates on drained wetlands can positively affect 

waterbirds by dramatically increasing their foraging habitat, particularly when the 

inundation of wetlands is prolonged. The actions of local government since 1997 have 

been instrumental in changing not only how water is managed with regards to local 
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wetlands, but also the perception of wetlands by local residents, including the ecological 

function of these wetlands. 

There is still much that is unknown about Australian waterbirds and their relationship to 

the broader landscape, as well as to local wetlands. There is much that can be achieved 

from ongoing research of waterbirds and wetlands at the landscape scale, and also by 

wetland- and species-specific studies. Further application of mapping technology such as 

LIDAR for more accurate and complete surveys of individual wetlands would greatly 

assist in understanding the habitats of each species, particularly where depth and area 

studies are used. Satellite tracking technology used on individual birds would greatly 

assist in understanding the movements of different species within and between wetlands 

and the floodplain, and across the broader landscape.  

The wetlands of the Clarence River floodplain offer many opportunities for further 

research and, if a new conservation reserve eventuates (The Everlasting Swamp), the 

research is likely to be new and exciting. Opportunities do already exist for conducting 

experiments at small to medium scales, but it is important that longer-term research is 

able to separate variables, and this could be achieved with dedicated sites for experiments 

that can manipulate the hydrology. The results of any locally-based research can have 

immediate relevance much further a field due to most Australian waterbirds species 

having wide distributions. It is also important that the integration of socio-economic 

issues into ecological management (and vice-versa) continue to develop as field of 

research.  

The findings in this study have increased the knowledge of waterbirds on a coastal 

floodplain. This has relevance for other coastal floodplains and their waterbirds both 

within Australia and internationally, and contributes to the knowledge of Australian 

waterbirds generally. With this knowledge, management decisions on the Clarence River 

floodplain can be much more informed. Management is likely to evolve on the floodplain, 

determined by socio-economic imperatives and opportunities. As new management 

strategies are implemented, the monitoring, evaluation, reporting and the subsequent 

continual improvement of these strategies should provide better outcomes for the 

conservation of many Australian waterbird species. 
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