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Summary 

The Australasian bittern (Botaurus poiciloptilus) is an endangered bird species that is 
dependent on wetlands for its entire lifecycle. The species has experienced severe 
population declines over the past 50 years in south-eastern Australia, prompting its 
endangered listing. The rapid decline in the species’ population highlights the need for 
baseline monitoring to document their distribution and habitat requirements. Major 
threats to the species include the draining of wetlands and clearing of native wetland 
vegetation required to support their feeding and breeding habitats. This guide aims to 
contribute to goals set in the national recovery plan for the Australasian bittern by 
providing the most up-to-date information on the species, including its watering 
requirements. This information has been collated to guide environmental watering for 
Australasian bitterns in key wetlands in south-western New South Wales.  

The Murrumbidgee and Lachlan catchments are Country for the Barapa Barapa, Mutthi 
Mutthi, Nari Nari, Ngarigo, Ngiyampaa, Ngunnawal, Wadi Wadi, Wolgalu, Wamba 
Wamba, Weki Weki, Yita Yita and Wiradjuri Aboriginal peoples. The lower floodplains of 
the Murrumbidgee and Lachlan rivers have important cultural values and provide critical 
breeding habitat for Australasian bitterns. Recent analysis of acoustic monitoring data 
and complementary ground surveys conducted under the NSW Saving our Species and 
Water for the Environment programs has shown that Australasian bitterns still occur in 
many wetland sites throughout the lower Murrumbidgee (Lowbidgee) and lower 
Lachlan, including sites that receive targeted or discretionary environmental water. 

To date, NSW and Commonwealth environmental watering programs for these wetland 
regions have included broad objectives around providing habitat for waterbirds in 
general and included objectives for Australasian bitterns where possible. However, 
restricted knowledge of the specific habitat requirements of the Australasian bittern 
has limited the development and implementation of more targeted water delivery for the 
species. Aspects of wetland hydrology that influence the distribution and breeding 
success of Australasian bitterns include the timing, extent, depth and duration of 
inundation events (see Figure 1). Information on these flow parameters is required to 
design environmental watering actions to support the continual survival of this species.  

The delivery of environmental water is an important management intervention for 
Australasian bitterns in inland wetlands. By restoring parts of the flow regime, these 
watering events can support nesting and promote the successful recruitment of 
Australasian bitterns, addressing one of the most important threats for the species. 
While the information presented in this guide is focused on nationally significant 
floodplain wetlands in the Murrumbidgee and Lachlan valleys, the supporting 
information may be useful for other regulated river catchments in the Murray–Darling 
Basin to assist in managing the broader recovery of the species. 



 vii 

 
Figure 1 Conceptual diagram showing ideal conditions required to support successful 

breeding of Australasian bitterns in floodplain wetlands, from territory 
establishment to egg laying, chick rearing and fledging. Photos: W Chad, M 
Herring, I Warren, G Rees 

Under ideal conditions, inflows commence over late winter and stable water depths are 
maintained over the core nesting period from spring into summer months, with gradual 
draw-down of water levels over late summer into autumn months. 
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1. Background 

1.1 Introduction 
The Australasian bittern (Botaurus poiciloptilus) is an endangered waterbird, listed in 
Australia at both national and state levels under the Commonwealth Environment 
Protection and Biodiversity Conservation Act 1999 and NSW Biodiversity Conservation Act 
2016, respectively. It occurs in Australia, New Zealand and New Caledonia; and in 
Australia is distributed from south-east Queensland to south-east South Australia, 
Tasmania and south-west Western Australia (Commonwealth of Australia 2022). The 
Australian population is currently estimated to be around 1,300 individuals (Herring et 
al. 2021a), which is small for a bird species with such an extensive range. Historically, 
the male bittern’s booming calls filled wetlands across inland and coastal Australia, 
playing an important role in Aboriginal storytelling and cultural connection to Country. 
Key threats to the species include the reduced condition and quality of critical wetland 
habitat due to the alteration of natural flow regimes, which is also identified as a key 
threatening process in some states.  

Records of Australasian bitterns are widespread across large wetland complexes of 
inland New South Wales. Detailed studies of Australasian bittern breeding ecology are 
mostly limited to artificial habitats including rice crops (Herring et al. 2021b). In wet 
years, they may breed reliably in NSW Riverina irrigation districts where large rice crops 
can function like wetlands when inundated, depending on the cultivation methods used. 
In comparison little is understood about the species’ responses to environmental 
watering in the floodplain wetlands of the Murray–Darling Basin. A key factor limiting 
the ability of environmental water managers to undertake targeted watering for 
Australasian bitterns in floodplain wetlands is the lack of information about the species’ 
distribution and responses to wetland inundation, including the ideal timing, extent, 
depth and duration of inundation. Defining watering regimes for the Australasian bittern 
is an immediate and critical need to secure the species in New South Wales and across 
its range. 

1.2 Purpose of this document  
This watering guide contributes to the national objective of ‘ensuring that habitat critical 
to the survival of the Australasian bittern is protected and managed to meet the 
ecological requirements of the species’ (Commonwealth of Australia 2022). The guide 
provides up-to-date and evidence-based information on Australasian bittern watering 
requirements. The national population of Australasian bittern has declined drastically 
over the past 50 years (Commonwealth of Australia 2022). The predicted increase in 
extreme weather events because of anthropogenic climate change, coupled with very 
dry years when limited water is available, may be catastrophic for Australasian bittern 
populations. In some regulated river catchments in the southern Murray–Darling Basin, 
water can be delivered to wetlands specifically to support Australasian bittern breeding 
(Wassens et al. 2024; Znidersic and Towsey 2023), with environmental water delivery 
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being an important management intervention for the species. By restoring elements of 
natural flow regimes, watering events can be targeted to support nesting and promote 
the successful recruitment of bitterns, addressing a key threat for the species. 

The national recovery plan for the Australasian bittern aims to demonstrate an 
increasing trend at key locations through annual surveys and to ensure that habitat 
critical to bittern survival is protected and managed to meet the ecological 
requirements of the species (Commonwealth of Australia 2022). This includes 
information from recent monitoring and research in the lower Murrumbidgee 
(Lowbidgee) Floodplain and lower Lachlan (DCCEEW 2025; Herring 2024a, 2024b; 
Wassens et al. 2024; Znidersic 2023). By increasing our understanding of the species’ 
watering needs, more targeted, precise and efficient watering regimes can be designed 
that will help the species to breed and recruit successfully. While this watering guide 
focuses on floodplain wetlands in the Murrumbidgee and Lachlan catchments in 
southern New South Wales, it may assist managers in other regulated river catchments 
in the Murray–Darling Basin in developing watering regimes to support the broader 
recovery of the species. 

1.3 Related documents 
State and Commonwealth threatened species assessments and conservation advice are 
available for the Australasian bittern (Table 1). The Australasian bittern national 
recovery plan (Commonwealth of Australia 2022) commenced in February 2023. 
Recovery activities relevant to NSW wetlands identified in the national recovery plan 
include the development of water management plans that reflect the specific 
environmental water requirements of the Australasian bittern (timing, extent, depth and 
duration of wetland inundation). 

The NSW Government has recently developed the NSW water strategy (DPIE 2021) to 
guide management of the state’s water resources over the next 20 years. The strategy 
recognises the importance of water to Aboriginal people and the NSW Department of 
Climate Change, Energy, the Environment and Water is committed to creating 
opportunities for Aboriginal people to contribute their cultural science and traditional 
knowledge to the development of objectives for environmental water. The Australasian 
bittern occurs on the lands of at least 70 Aboriginal nations (Garnett and Baker 2021). In 
the Murrumbidgee and Lachlan catchments, some Aboriginal peoples’ stories of 
Australasian bitterns are represented by the Bunyip Bird (Holden and Holden 2001). 

In New South Wales, land managed by Aboriginal people also provides important habitat 
for bitterns. For example, the Nari Nari Tribal Council manages extensive wetland 
complexes on Gayini (Nimmie-Caira) and Toogimbie (an Indigenous protected area) in 
the Lowbidgee Floodplain, which both support relatively high numbers of Australasian 
bitterns. Ongoing planning and implementation of management actions for Australasian 
bitterns such as those defined in this guide, including delivery of targeted environmental 
water, includes meaningful engagement with Aboriginal peoples invested in the species’ 
conservation. 
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Table 1 Australasian bittern policy documents supporting this watering guide 

Organisation Document title  Date (citation) 

NSW Scientific Committee Australasian bittern: review of 
current information in NSW 

November 2009  
(NSW SC 2009) 

NSW Government Australasian bittern – Scientific 
Committee determination  

November 2010 
(NSW SC 2010) 

NSW Government Australasian bittern (Botaurus 
poiciloptilus): Saving our Species 
strategy [public register] 

No date 
(DCCEEW n.d.) 

 

Australian Government Advice to the Minister for 
Sustainability, Environment, 
Water, Population and 
Communities from the 
Threatened Species Scientific 
Committee on amendment to the 
list of threatened species under 
the Environment Protection and 
Biodiversity Conservation Act 
1999 

March 2011 

(Cth TSSC 2011) 
 

WA Department of 
Biodiversity, Conservation 
and Attractions  

Australasian bittern (Botaurus 
poiciloptilus) Western Australian 
recovery plan 

August 2018 
(WA DBCA 2018) 

Commonwealth Threatened 
Species Scientific 
Committee  

Conservation advice Botaurus 
poiciloptilus Australasian bittern 

January 2019 
(Cth TSSC 2019) 

Australian Government National recovery plan for the 
Australasian bittern Botaurus 
poiciloptilus 

2022 
(Commonwealth of 
Australia 2022)  

1.4 Threats to the Australasian bittern 
1.4.1 Altered hydrology 
Alteration to natural flow regimes of rivers, streams, floodplains and wetlands is a key 
threatening process in New South Wales (NSW SC 2022). The degradation and 
destruction of wetlands through regulation of major rivers and water extraction has 
ongoing impacts for bitterns and other waterbird species (Kingsford 2000; Kingsford 
and Thomas 2004), affecting the health of floodplain wetlands and reducing the quality 
and quantity of nesting and foraging habitat. The Australasian bittern is a highly mobile 
species which inhabits a wide range of wetland habitat types across river catchments. 
As such, it is thought to be best recovered by managing threats across its range, 
prompting its inclusion in the ‘Landscape’ management stream in the NSW Saving our 
Species program (DCCEEW n.d.). It has also been identified as a species of key 
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importance within the NSW Water for the Environment program due to its listing as an 
endangered species and its cultural significance. 

1.4.2 Destruction of wetland vegetation  
Clearing of native vegetation is a key threatening process under NSW and 
Commonwealth legislation (Biodiversity Conservation Act and Environment Protection 
and Biodiversity Conservation Act, respectively). The reduction in extent and quality of 
wetlands due to clearing for urban and agricultural development is a major threat for 
the bittern across its range. Inappropriate livestock grazing can also reduce wetland 
condition and potentially damage nesting sites. 

Inappropriate fire regimes also degrade habitat. High-frequency fire (a listed key 
threatening process) disrupts the life cycles of plants and animals, removes vegetation 
structure and impacts ecosystem composition. Fires in wetlands can severely impact 
aquatic vegetation and wetland soil, and promote weed growth (Allen 2000). Fire has 
been used at some bittern wetlands to manage dense vegetation where it has reduced 
the availability of open foraging areas. However, too-frequent fire events can destroy 
vegetation which provides habitat for Australasian bitterns (Cth TSSC 2011). Large beds 
of breeding habitat comprised of common reed (Phragmites australis) and cumbungi 
(Typha spp.) are also vulnerable to localised fires created by lightning strikes. 

1.4.3 Climate change 
Climate change will exacerbate the identified threats to Australasian bittern and 
potentially introduce unforeseen risks. Anthropogenic climate change is a key 
threatening process under NSW and Commonwealth legislation. Potential impacts on 
bitterns and their habitats could include changes in rainfall patterns (including extended 
dry periods), extreme weather events (including intense storms), and increasingly high 
daytime temperatures; all of which may contribute to an increased fire risk. These 
impacts may increase in some areas leading to changes in wetland vegetation species 
composition and structure (NSW SC 2021). 

1.4.4 Introduced species 
Introduced animals may damage wetland habitats and prey on bitterns, their eggs and 
chicks, however their impact on Australasian bittern populations is not well understood. 
Predation by red fox (Vulpes vulpes) and feral cats (Felis catus) are key threatening 
processes, and these species may prey on bittern eggs, chicks and adult birds. Habitat 
degradation from feral pigs (Sus scrofa) is also a key threatening process. Feral pigs 
have destroyed nests and consumed eggs and chicks of group-nesting waterbirds, 
which can lead to site abandonment (GB CMA 2024). Pigs may also damage wetland 
vegetation and compromise water quality by wallowing in and around wetlands.  

Although their impacts are not well understood, European carp (Cyprinus carpio) may 
reduce the quality of wetlands used by bitterns through modification of vegetation and 
water quality, and by preying on smaller native fish that are a food source for 
Australasian bitterns. Conversely, small carp (~50 mm in length) are also likely to be an 
important food source for bitterns. 
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1.4.5 Other threats 
Other, perhaps less critical, threats associated with Australasian bittern declines 
include reduced water quality (such as increased salinity and pollution impacts on birds 
and their prey), disease and loss of genetic diversity. 
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2. Current knowledge 

2.1 Population trends 
Australasian bittern population trends are detailed in the species’ national recovery plan 
(Commonwealth of Australia 2022). Population estimates have varied over the last 2 
decades, with only a medium level of confidence in estimates (Threatened Species 
Recovery Hub 2021). The species’ area of occupancy was thought to have declined by 
over 70% between 1977 and 2008 (Cth TSSC 2011). Numbers also decreased 
significantly after the Millennium Drought of 1997 to 2009 (Birds Australia 2010) but 
may have rebounded in the following decade (Table 2). Australasian bittern records 
available in the Atlas of Living Australia (ALA 2023) reflect this trend, but may have 
been confounded by an increase in monitoring and reporting in recent years rather than 
reflecting true population trends. 

Table 2 Population estimates for the Australasian bittern, 2000 to current 

Year Population 
estimate 

Source(s) 

2000–2009 2,500  Garnett and Crowley (2000), Australian population estimate 

2010 250 to 800 Birds Australia (2010) and unpublished data 

2011 247 to 796 Garnett et al. (2011), Australian population estimate 

2015 1,500 National Environmental Science Program Threatened 
Species Recovery Hub (2021), Australian population 
estimate 

2018 1,450 National Environmental Science Program Threatened 
Species Recovery Hub (2021), Australian population 
estimate 

2020 1,000 to 2,499 Birdlife International (2024a), global population estimate  

2021 1,300 Herring et al. (2021a), Australian population estimate  

2.2 Life history 
There are 14 Botaurus species worldwide, with 3 species residing in Australia: 
Australasian bittern, black bittern (Ixobrychus flavicollis) and Australian little bittern 
(Ixobrychus dubius). The Australasian bittern is the only species that is listed as 
threatened globally (Birdlife International 2024a), while the black bittern is listed as a 
vulnerable species in New South Wales. These species share some characteristics in 
terms of habitat, diet and breeding phenology (Table 3). While some bittern species from 
other parts of the world are well studied, such as the Eurasian bittern (Botaurus stellaris) 
and American bittern (Botaurus lentiginosus), limited detailed information is available for 
the Australasian bittern. 
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In all bittern species, the male is territorial, nesting with multiple females and the 
females raise the offspring on their own. Little data is available on age at maturity, with 
plumage of juveniles tending to be lighter than adults but some adults can also be pale 
in colour. All adult birds are considered mature at one year or older (Marchant and 
Higgins 1990). Australasian bitterns are sedentary in the breeding season but disperse 
post-breeding from inland areas to other regions, including coastal wetlands (Herring et 
al. 2016). Numbers of Australasian bitterns in coastal sites have been observed to peak 
over the winter months (Commonwealth of Australia 2022). 
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Table 3 Summary of life history characteristics for 4 similar bittern species  

Common name Scientific name Range Lifespan 
(years) 

Age at 
maturity 
(years) 

Clutch 
size 

(eggs) 

Incubation 
period 
(days) 

Fledging 
time 

(days) 

Australasian bittern  
 

Botaurus poiciloptilus Australia, New Zealand, New 
Caledonia (10,200,000 km2)6 

N/A 1 4–51 23–262 N/A 

American bittern  
 

Botaurus lentiginosus North America, Central America 
(17,600,000 km2)8 

8.3 NA 2–73 24–283 N/A 

Eurasian bittern  
 

Botaurus stellaris Europe, Asia, Russia, Africa 
(86,200,000 km2)5 

11 1 4–54 25–26 50–55 

Pinnated bittern  
 

Botaurus pinnatus South America, Central America 
(16,100,000 km2)7 

N/A N/A N/A 24–25 N/A 

Sources: 1 = Marchant and Higgins (1990); 2 = O’Donnell (2011); 3 = Cornell Lab (2024); 4 = Polak and Kasprzykowski (2010); 5 = Birdlife International (2024b); 6 = 
Birdlife International (2024a); 7 = Birdlife International (2024c); 8 = Birdlife International (2016). 
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2.3 Current distribution  
Australasian bitterns occur in Australia, New Zealand and New Caledonia, and similar 
population declines have occurred across its range (IUCN 2016). In New Zealand, marked 
declines in range and total numbers of birds have been observed since the 1970s 
(O’Donnell and Robertson 2016). In Australia, the species’ population has been 
categorised into 3 subpopulations: south-eastern (from southern Queensland to south-
east South Australia), south-western (Western Australia), and Tasmanian (NSW SC 
2010). Less than 100 individuals remain in the south-western population and 20 to 80 
individuals remain in Tasmania (Garnett and Baker 2021). The south-eastern population 
includes extensive inland and coastal records from New South Wales (Figure 2). 

Australasian bitterns are a highly mobile species and are not restricted to one wetland 
site or wetland complex. However, like other waterbird species, they benefit from using 
a wide range of wetlands when suitable habitat is available. Records of relatively high 
numbers of Australasian bitterns have been recorded at key locations in the NSW 
Murray–Darling Basin, including the Barmah–Millewa Forest, Great Cumbung Swamp 
Region (lower Lachlan), Gayini Wetlands, Yanga National Park – North Redbank 
Wetlands (Lowbidgee Floodplain), Coleambally and Murrumbidgee Irrigation Areas, 
Fivebough and Tuckerbil swamps and the Macquarie Marshes (Figure 2). These inland 
sites all receive environmental water managed by NSW and Commonwealth 
governments.  

The NSW Riverina region encompasses major agricultural areas in the Murray and 
Murrumbidgee river catchments, where rice crops are grown from October to May, but 
the area of habitat available for Australasian bitterns varies greatly from year to year 
(Herring et al. 2019). The shift away from rice crops to cotton more recently has 
increased the importance of watering natural wetlands for Australasian bitterns. Many 
of these inland wetlands are recognised as nationally significant, supporting several 
thousand hectares of suitable Australasian bittern habitat when inundated (Table 4). 

The Ramsar listed Barmah–Millewa Forest and neighbouring Kerang Lakes (in Victoria) 
can support a high number of Australasian bitterns because of their proximity to other 
surrounding wetland habitats. Both wetland systems are characterised by a range of 
wetland types, all located within a relatively small area. This mosaic of wetland habitat 
likely enables easy access between nesting habitat and nearby foraging areas. Targeted 
ground surveys in Barmah–Millewa Forest have detected up to 73 calling males at peak 
times (Belcher et al. 2017) and Australasian bitterns have also been recorded regularly 
in the Kerang Lakes system from 2017 to 2021 (Papas et al. 2021) (Table 4). 
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Figure 2  Distribution of Australasian bittern records in New South Wales (Atlas of Living Australia [ALA] records) and key locations in New 
South Wales that support Australasian bittern
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Table 4 Wetlands in south-eastern Australia that support Australasian bitterns, 
including key locations in the Murrumbidgee and Lachlan catchments (see 
Figure 2 for NSW site locations) 

Notes: 

* these estimates are based on a combination of observed and heard birds and only represent the maximum 
number of records available for a subset of each wetland area.  
^ habitat availability varies year to year according to water allocations.  
# limited targeted monitoring to date.  
Sources: 1 = Belcher et al. (2017); 2 = Murray Darling Wetlands Working Group unpublished data (see NSW 
DPE 2022); 3 = Herring et al. (2024b); 4 = Znidersic (2023); 5 = Herring et al. (2014); 6 = DCCEEW 
unpublished data (2012–23); 7 = Keith Hutton, pers. obs.; 8 = (Papas et al. 2021); 9 = Chris Purnell, Birdlife 
Australia pers. comm.; 10 = SA DEH (2006); 11 = Bob Green, Birdlife Australia pers. comm. 

Site name (NSW river 
catchment) 

State Habitat type Peak record 
(year)*  

Estimated 
area of 
suitable 
habitat 
(hectares)^ 

Barmah–Millewa Forest 
(Murray) 

Vic/NSW Common reed/giant 
rush 

73 (2017)1 2,000  

Gayini Wetlands 
(Murrumbidgee) 

NSW Lignum 
shrubland/typha  

44 (2021)2 8,000  

Yanga National Park – 
North Redbank Wetlands 
(Murrumbidgee) 

NSW Tall spike 
rush/common reed  

7 (2018)3 5,000 

Great Cumbung Swamp 
Region (Lachlan) 

NSW Common reed 10 (2022)4 16,000 

Coleambally and 
Murrumbidgee Irrigation 
Areas (Murrumbidgee) 

NSW Commercial rice 
crops/farm dams with 
fringing vegetation 

66 (2013)5 5,000–
113,000 

Macquarie Marshes 
(Macquarie–Castlereagh) 

NSW Common reed/lignum 
shrubland  

5 (2017)6 # 16,000 

Fivebough and Tuckerbil 
swamps (Murrumbidgee) 

NSW Common reed 34 (2015)7 620 

Kerang Lakes: Lake 
Cullen, Lake Murphy, 
Johnson’s Swamp, Reedy 
Lake 

Vic Lignum shrubland, 
cumbungi, saline 
wetland 

20 (2017–20)8 1,140 

Lake Connewarre Vic Shallow, estuarine 
lagoon 

26 (2021)9 950 

Bool Lagoon SA Common reed/typha 23 (2006)10 3,000  

Pick Swamp, Piccaninnie 
Ponds 

SA Marsh and sedgelands 1611 230  
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Many of the natural wetlands in the Murrumbidgee Valley where Australasian bitterns 
have been recorded are large, open floodplain wetlands that are well connected to the 
river and surrounding wetlands (see Figure 3). On the Lowbidgee Floodplain, the Yanga 
National Park – North Redbank Wetlands system supports river red gum (Eucalyptus 
camaldulensis) wetlands with an understorey of tall spike rush (Eleocharis sphacelata). In 
the Gayini Wetlands complex, there are large expanses of lignum shrubland (Duma 
florulenta). Both habitat types support Australasian bittern breeding habitat when 
inundated (Herring 2024b). North of the Lowbidgee Floodplain, the Great Cumbung 
Swamp Region receives flows from the Lachlan River. When both Lowbidgee and lower 
Lachlan wetland systems are inundated, they collectively provide a large area of 
suitable habitat for Australasian bitterns (DCCEEW 2025). 

The Great Cumbung Region may have been a stronghold for the species in the past as it 
supports one of the largest areas of common reed in the Murray–Darling Basin. River 
regulation and altered floodplain hydrology have reduced the frequency of inundation, 
affecting the extent and health of the wetland vegetation (Higgisson et al. 2020). 
However, after 2 decades with no confirmed records, Australasian bitterns have been 
detected in wetlands in the Great Cumbung Swamp and neighbouring wetlands in 
recent years (Herring 2024a; Znidersic 2023; DCCEEW unpublished ground survey data 
2016–23). Increased survey effort in the Great Cumbung Region through the NSW 
annual spring ground survey program (DCCEEW 2024) and Saving our Species southern 
bell frog (Litoria raniformis) acoustic monitoring program (DCCEEW 2025; Waudby et al. 
2021) have also contributed to confirmed detections and increased knowledge of the 
species’ distribution in this important wetland system. 

Coastal wetlands provide reliable habitat for Australasian bitterns, especially during dry 
periods. These sites are located within and close to urban areas and experience 
different pressures to inland sites. Urban encroachment can limit wetland size, remove 
connectivity between wetlands and limit water heights due to the risk of flooding 
property. This likely has reduced Australasian bittern abundance, with coastal records 
generally sparse and consisting of only one or 2 individuals per site. There are only a few 
key coastal sites remaining in New South Wales that provide the mix of estuarine and 
freshwater habitats required to support breeding Australasian bitterns. These wetlands 
include the Hunter Estuary Wetlands Ramsar site and Lake Innes Nature Reserve (see 
Figure 2). 

Other important coastal sites outside of New South Wales include Piccaninnie Ponds 
Ramsar site, Bool Lagoon and Fleurieu Peninsula in South Australia, as well as selected 
wetlands around Warrnambool and Melbourne, and the Gippsland Lakes in Victoria. 
Historically, many of these sites supported higher numbers of Australasian bitterns. For 
example, up to 14 Australasian bitterns were recorded in the Edithvale-Seaford Ramsar 
wetlands, near Melbourne, in the 1990s but now only 5 Australasian bitterns are 
recorded reliably in any given monitoring season (Ramsar Sites Information Service 
2001).
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Figure 3 Australasian bittern records in the Lowbidgee Floodplain and lower Lachlan wetlands regions (Atlas of Living Australian [ALA] 
records from 2000 to 2023), including the Gayini Wetlands, Redbank wetlands (including Yanga National Park – North Redbank 
Wetlands) and the Great Cumbung Swamp
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2.4 Ecology  
Knowledge of Australasian bittern foraging and breeding ecology is based on a small 
number of studies with limited information available for inland wetlands (see 
Appendix A). Foraging is generally solitary, occurring at night, dusk or dawn, but has 
also been observed less frequently during the day (Fitzsimons 2022; Menkhorst 2012). 
Bitterns forage along the shallow edges of wetlands, waterways and channels, but may 
also make feeding platforms of flattened vegetation (McKilligan 2005). Water depths of 
less than 0.3 m are preferred for feeding (Marchant and Higgins 1990). 

Bitterns eat a variety of food items. Their diet primarily comprises medium-sized prey 
such as frogs, fish, eels, snakes, and sometimes plant material, including leaves and 
fruit (McKilligan 2005). Other recorded prey items include lizards, birds, rats, mice, 
crustaceans, spiders and insects (Cth TSSC 2019). Studies on foraging behaviour 
include observations of Australasian bitterns eating southern bell frogs, small fish such 
as Galaxias maculatus, and house mice (Mus musculus) (Menkhorst 2012; Menkhorst and 
Silcocks 2004). Australasian bitterns have also been recorded foraging in paddocks that 
are dry, potentially searching for rodents (Garnett and Baker 2021; D Parker, personal 
communication, 20 May 2024).  

Nesting is typically solitary, but they may also nest close to other pairs (McKilligan 
2005). Nesting density varies, with high densities of bitterns recorded in some wetland 
sites, such as Gayini Wetlands and Barmah–Millewa Forest (Table 4). Breeding occurs 
over the spring and summer months. Males defend a territory, attracting females 
through displays, which include advertising flights and a loud booming call. Data 
collected for the Eurasian bittern suggest it may take one to 2 months for males to 
establish their territories before egg laying begins (Gilbert et al. 2007). A nesting 
platform is built within tall, emergent vegetation made from bent-over reeds and 
shrubs. The female Australasian bittern maintains the nest and raises the chicks. Nests 
are thought to be positioned 0.3 m above the water in vegetation 2.5 m tall and contain 
4 to 5 eggs (Marchant and Higgins 1990). However, Australasian bitterns are known to 
nest lower in rice fields and tall spike rush wetlands (Herring et al. 2019; Herring et al. 
2021b). 

Proximity to open water and an appropriate area of cover are integral for the 
establishment of territories by male Eurasian bitterns and subsequent nesting. The 
Eurasian bittern has been found in habitats comprised of varying widths of vegetation, 
but one study found the narrowest parts were at least 100 m wide, with nests within 
70 m of open water (Gilbert et al. 2005). Australasian bitterns can also nest alongside 
other group-nesting waterbird species, including large numbers of ibis and spoonbills, 
which has been observed in the Gayini Wetlands and Barmah–Millewa Forest in the 
southern Murray–Darling Basin. Vegetation structure (rushes, reeds, sedges and shrubs) 
appears more important than vegetation type, with Australasian bitterns recorded 
nesting in a variety of dense emergent wetland vegetation, including cumbungi, 
common reed, lignum shrubland, sedges (Carex and Cyperus spp.), and tall spike rush 
(Figure 4). 
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Australasian bittern nests have infrequently been recorded in dry habitat, away from 
wetlands (Marchant and Higgins 1990; O’Donnell 2011). Low tree canopy cover is also 
considered to be a prerequisite for Australasian bittern nesting sites. However, in Yanga 
National Park on the Lowbidgee Floodplain tree canopy cover is moderately high and 
Australasian bitterns have been confirmed nesting in river red gum–tall spike rush 
wetlands when conditions are suitable (Herring 2019). Australasian bitterns have also 
been recorded calling along creek lines with riparian vegetation that connect habitats in 
the Redbank system and Gayini Wetlands in the Lowbidgee Floodplain (DCCEEW 2025).  

Large semi-permanent and permanent lakes that support emergent vegetation may also 
act as refuge habitat for Australasian bitterns. For example, Australasian bitterns have 
been recorded at Lake Wyangan near Griffith (ALA 2023), and Lake Cowal near West 
Wyalong (M Carnegie, Lake Cowal Foundation, personal communication, 2021). The mix 
of large waterbodies and smaller vegetated wetlands in agricultural areas in the 
Murrumbidgee and Lachlan river catchments may play a role in enabling Australasian 
bitterns to move among wetland systems. 

 
Figure 4 Examples of wetland habitat types that support Australasian bitterns 

(clockwise from top left): Lignum shrubland, Typha channel, shallow Juncus 
wetland, and shallow marsh sedge wetland. Photos: A Borrell  
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3. Watering guidelines for the Australasian 
bittern 

3.1 Water requirements 
Understanding the links between wetland hydrology and Australasian bittern habitat 
requirements is critical to ensure environmental water can be delivered effectively to 
support positive breeding outcomes for the species (Figure 5). Coordination with other 
complementary activities, such as grazing management and targeted pest animal 
control programs, is also needed to address key threats. The most important aspects of 
managing wetland inundation to support Australasian bitterns are the flow timing, 
water depth, inundation duration and extent (Figure 1 and Figure 5). Where feasible, 
these aspects of the flow regime can be manipulated using managed water deliveries 
over 3-to-5-year planning cycles. Noting that individual wetland sites have differing 
geomorphology, inundation history and vegetation types that will influence their ideal 
watering regime.  
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Figure 5 Conceptual diagram showing links between watering actions for floodplain 

wetlands in New South Wales and Australasian bittern habitat requirements 
and life history 

Australasian bitterns have similar habitat requirements to group-nesting waterbird 
species such as ibis and spoonbills. These species require flows over spring and summer 
months that inundate wetland habitats for an extent, depth and duration necessary to 
support successful breeding. This includes nesting and egg laying through to fledging 
of their young (Figure 1). Initial inflows would typically commence over late winter, with 
stable water depths maintained over the core nesting period from spring into late 
summer. Under ideal conditions, a greater area of wetland is inundated to provide more 
breeding and feeding opportunities for a larger number of individuals. Information 
available for each water requirement and its importance to Australasian bitterns is 
summarised in Table 5 and discussed in subsequent sections.  
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Table 5 Summary of flow regime parameters and their importance for successful 
Australasian bittern breeding in floodplain wetlands 

Hydrological 
parameter 

Ideal conditions  Importance to Australasian bitterns  

Flow timing Aug–Sep: commence 
flows 

Nov–Dec: stable 
water level 

Jan–Mar: gradual 
draw-down 

Adult males need a lag period of 1 to 2 months to 
establish their territories, with breeding occurring over 
spring and summer months. Providing flows over winter 
months may help males find appropriate sites, allowing 
them to build their body in readiness for breeding and to 
establish their territories to attract female birds in spring. 

Stable water flows over spring and summer are needed 
to support nesting (see ‘Water depth’). The gradual draw-
down of water in late summer/early autumn allows the 
wetland to maintain condition.  

Inundation 
extent 
(magnitude)  

Inundate core 
breeding sites and 
neighbouring 
foraging habitats 

Watering larger areas of floodplain results in bitterns 
being detected at a higher number of sites and in greater 
abundance. Ensuring adjoining feeding habitats 
surrounding the breeding habitat are inundated over late 
summer-early autumn may also support the survival of 
young birds. 

Water depth Depth varies across 
sites, among habitat 
types, and breeding 
stage 

A stable water level is likely to be more important than 
achieving a certain depth, especially during the critical 
nesting period (Nov–Dec) when rapid changes in water 
levels are more likely to drown eggs and nestlings and/or 
strand nests. Gradual declines in water levels are also 
more favourable during the mobile chick/fledging stage 
(Jan–Mar) when young birds are at still at risk of 
predation by feral pigs, cats and foxes. Shallower water 
depths of less than 0.3 m are preferred for feeding. 

Inundation 
duration 

6 months over the 
breeding period: 
Sep–Feb 

The Australasian bittern’s critical breeding period 
extends from September to February. The minimum 
duration required for breeding needs to be long enough 
to ensure the wetland has time to respond to inundation 
and for male birds to find a site, establish a territory and 
attract females, followed by nest building, incubation 
and hatching of eggs, and for those chicks to fledge to 
allow them to disperse from the wetland.  

Inundation 
frequency 
(interval 
between 
events) 

Where possible, 
annual drying of 
breeding sites over 
autumn-winter 
months  

A period of drying preferably needs to occur prior to and 
after the inundation event(s) to maintain the condition of 
wetland nesting habitat and food availability over 
multiple seasons. Noting the provision of alternative 
areas of inundated wintering habitat may also be of value 
to adult and juvenile birds. 
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3.1.1 Flow timing 
The Australasian bittern’s critical breeding period extends from September to February 
(O’Donnell 2011). Adult males need a lag period of 1 to 2 months to establish their 
territories, with breeding occurring over spring and summer months. Calling activity in male 
Australasian bitterns in the Lowbidgee Floodplain and Great Cumbung Region can begin as 
early as late August with peak calling from late October to mid-November (DCCEEW 2025), 
which coincides with their expected egg-laying period. This period and the weeks following 
are likely the most critical time for egg incubation and immobile small chicks, when eggs 
and young are the most vulnerable to predation and rapid rises in water levels.  

3.1.2 Inundation extent 
High river flows that inundate large areas of floodplain habitat are a major driver of 
waterbird breeding responses (Brandis et al. 2018; Kingsford and Auld 2005). Flows that 
connect rivers and floodplain habitats are important drivers for distribution of fish and frog 
prey species (Karim et al. 2012), and provide movement opportunities for Australasian 
bitterns. Survey data from the Lowbidgee Floodplain and Great Cumbung Region indicate 
that the number of calling male Australasian bitterns and number of occupied sites 
appears to be linked to the magnitude of wetland inundation (Figure 6). 

Large flow events increased the distribution of the species, but consecutive years of 
environmental watering were also important for providing breeding opportunities for 
Australasian bitterns (DCCEEW 2025). The extent of inundation at individual sites is likely 
the most important driver for breeding responses. Analysis of acoustic monitoring results 
indicates the likelihood of Australasian bittern detection increased as the area of 
inundation increased at each site where bitterns were detected in the Lowbidgee 
Floodplain from 2017 to 2023 (Bino 2024). 

While the importance of refuge habitat for the Australasian bittern is not well understood, 
the Lowbidgee Floodplain may provide refuge habitat for Australasian bitterns during 
years when wetland inundation is low across their range. Bittern calls have been detected 
in both areas during periods of minimal floodplain inundation, indicating these wetlands are 
still providing habitat despite the dry conditions. For example, Australasian bittern calls 
were detected in Bala Rookery (November 2019 to January 2020) in the Gayini Wetlands 
and Nap Nap Swamp (October to November 2018 and February 2020 respectively) on Nap 
Nap Station (Wassens et al. 2024) when these sites were inundated during a relatively dry 
period. While it was not confirmed if bitterns were breeding, these sites are likely to have 
provided feeding habitat for birds residing in the area. 
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Figure 6  Six years (2017 to 2023) of monitoring data for Australasian bitterns in the 

Lowbidgee Floodplain, encompassing Yanga National Park, the western portion of 
the Gayini Wetlands and neighbouring private land 

Data was derived from both on-ground surveys (Herring 2023) and from acoustic recorders 
deployed by NSW Department of Climate Change, Energy, the Environment and Water 
(DCCEEW 2025) and  Charles Sturt University (Wassens et al. 2024). Monitoring coverage 
varied among years. High natural river flows in 2022–23 limited site acccess and monitoring 
coverage. 
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3.1.3 Water depth and inundation duration  
Recommendations for water depths are highly site-specific because of differences in 
vegetation type and hydrology at any given site. Australasian bitterns nest in a wide 
range of water depths from 15 cm to 1.5 m depending on the type of vegetation nesting 
habitat available. The Eurasian bittern is reported to also nest in a wide range of water 
depths (from 15 to 79 cm) (White et al. 2006). At known Australasian bittern sites in the 
Lowbidgee Floodplain, the probability of male calling increased with increasing water 
depth and also where sites were inundated for periods greater than 6 months, including 
over spring and summer (Wassens et al. 2024). Deeper sites may provide more reliable 
breeding sites (Wassens et al. 2024), noting that shallower water depths of less than 
0.3 m are preferred for feeding (Marchant and Higgins 1990). 

Water depths that exceed the height of nesting and foraging vegetation can result in 
calling activity to cease. When water levels exceeded 1.4 m in the Barmah–Millewa 
Forest during high river flows, Australasian bitterns stopped calling and recommenced 
after water receded to a lower level (Znidersic and Towsey 2023). It is also likely that a 
maximum water depth threshold exists at which tall spike rush wetlands become 
unsuitable for Australasian bittern breeding. For example, when the Redbank system in 
Yanga National Park experienced extended high flow events in 2022–23, water depths 
(over 1.6 m at Two Bridges Swamp) fully inundated tall spike rush growth in breeding 
sites during the core breeding season, limiting Australasian bittern calling activity 
(Herring 2023). This issue appears to be less critical in the dense, taller lignum stands of 
the Gayini Wetlands and common reed in the Great Cumbung Swamp where birds can 
establish higher nests. 

Maintaining a stable water depth for the duration of the nesting period is most critical to 
ensure that nests remain protected from land-based predators. A stable water depth 
also ensures that females on nests have easy access to nearby food resources, as they 
are the sole caretaker of chicks. If the female is forced to search further afield for food 
the risk that young will be predated and/or starve increases (Adamo et al. 2004). Rapid 
increases in water levels can drown low-lying nests with eggs or young chicks. Sudden 
decreases in water depth may also cause abandonment of nests, which has been 
recorded in group-nesting waterbird species that breed in similar habitats (Brandis et al. 
2011; GB CMA 2022; Webster and Borrell 2016). 

The duration of inundation also drives patterns in vegetation community extent and 
condition in wetland habitats. Water held at shallow depths for long periods can cause 
certain aquatic vegetation species (Juncus, Typha spp.) to dominate a wetland, reducing 
open water areas that Australasian bitterns rely on for foraging. In some cases, drying 
out sites can mitigate this problem and maintain the condition of nesting vegetation 
between breeding events. Vegetation that is too thick with no access to open water 
might deter nesting efforts and/or compromise breeding outcomes. For example, 
Eurasian bitterns were found to prefer a greater edge to open water ratio in their 
breeding sites (Gilbert et al. 2005). 
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3.1.4 Inundation frequency  
Wetlands that do not receive regular drying phases may experience a decline in wetland 
vegetation health over the medium term. Drying of ephemeral and seasonally inundated 
wetlands maintains soil health, promotes seed germination, and increases nutrient 
availability and carbon storage capacity (Jenkins and Boulton 1998; Watkins et al. 2017; 
Zhang et al. 2022). However, providing some wetland habitat availability over the winter 
period is likely to be important for many wetland fauna species, including the 
Australasian bittern. Inundating some wetland habitat over winter in key inland 
floodplain wetlands can allow adult and juvenile birds to remain in these habitats to 
build body condition over autumn and winter months.  

Male Australasian bitterns were detected calling during winter months in monitored 
sites in the Gayini Wetlands, on the Lowbidgee Floodplain (Wassens et al. 2024), 
indicating a preference to remain inland if conditions are suitable. Recent tracking work 
of Australasian bitterns showed that they can travel long distances to access new 
habitat. Post-breeding some birds can disperse up to 400 to 600 km from rice fields in 
the Riverina to coastal wetlands, while other birds remained at inland sites including 
wetland sites managed with environmental water (Birds Australia 2015; Herring et al. 
2019). Flying long distances can be dangerous and increases the risk of mortality, so 
reduced movements may have a positive impact on a bittern’s lifespan. 

3.2 Known bittern sites and their history of use  
Compilation of available ground and acoustic records showed that 30 sites in the 
Lowbidgee Floodplain in the 2016 to 2024 period (Table 6) and 19 sites in the lower 
Lachlan in the 2021 to 2024 period (Table 7) supported Australasian bitterns. These 
records (Figure 7) indicate that Australasian bitterns can use a range of vegetation 
communities, including lignum shrubland, shallow freshwater sedgeland, common reed 
and creek line habitats across the Lowbidgee Floodplain and neighbouring Great 
Cumbung Region and Booligal Wetland system. Analysis of available acoustic data 
indicated that a subset of these sites can support high bittern calling activity in spring 
and summer months, based on the number of calling days and number of booms per day 
(see DCCEEW [2025] for more details). 

Increased ground and acoustic survey coverage over the past 5 years provided updated 
information on the distribution of Australasian bitterns in the Lowbidgee Floodplain, 
Great Cumbung Region and Booligal Wetland system. Environmental water events in the 
Lowbidgee Floodplain in this period included a managed event in 2020–21, and large 
natural inundation events in 2021–22 and 2022–23. In comparison, Australasian bittern 
breeding responses were limited during an extended dry period in 2019–20, with no 
bitterns detected through ground or acoustic surveys in the Redbank area (Figure 6 and 
Table 6). In the lower Lachlan, Australasian bitterns were detected at 12 of 13 
monitoring sites in the Great Cumbung Region and 3 sites in the Booligal Wetland 
system in 2021–22 which coincided with extensive habitat availability at the time due to 
high river flows and extensive wetland inundation. Noting there was limited monitoring 
coverage during the largest inundation extent recorded in 2022–23 (Table 7).
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Table 6  Lowbidgee Floodplain: Summary of Australasian bittern acoustic and ground survey records available for sites monitored in the 
2016 to 2024 period  

See Figure 7 for locations. 

Water management 
area/site code 

Site name  2016–17 2017–18 2018–19 2019–20  2020–21  2021–22  2022–23  2023–24^ 

Gayini-Nimmie Caria 

EUL Bala Rookery Y, c, e Ye N Y, b,c,d,e Y, c,d,e Y, d,e Y, b,d,e Y, c 

SUI Fairfax Floodway  – – – Y, d,e Y, d,e Y, d,e Y, d,e Y, c,e 

KIA1.1 Dinan (Kia) Lake  – – N –  N  Y, c,d Y, a,c,d N 

KIE1 Watu (Kieeta) Lake – – – –  –  –  Y, a – 

LOO1 Emu (Loorica) Lake  – – – –  Y, a* –  –  – 

NAP Nap Nap Swamp N N Y, b Y, b N Y, b N  – 

NIM1 Nimmie Creek  – – – Y, a Y, a Y, a –  – 

TEL Bayil Bank Y, b N N N  Y, e Y, e N – 

WEB1 Websters Bank – – – –  Y, a –  –  N 

WAR Warwaegae Road – – – – – – – Y, c 

Redbank 

ATH1 Athen  – – Y, a N  Y, a  Y, a –  – 

BRE1 Breer Swamp  – – Y, c N  Y, a,b,c,d,e N  N  N 

COA1 Coates Swamp  – N Y, a N  Y, a Y, a,e* N N 

GLE1 Glenn Dee  – – – –  Y, a –  –  – 
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Water management 
area/site code 

Site name  2016–17 2017–18 2018–19 2019–20  2020–21  2021–22  2022–23  2023–24^ 

LPG Little Piggery – – – –  Y, e – – – 

MER Mercedes Swamp Y, b N Y, b, e N  N  N  N  N 

MON1 Monkem Creek  – N Y, a N  Y, a Y, a Y, a,c N 

MUR1.1 Murrundi Swamp  – – Y, a N  N  Y, a,c –  N 

NAR1.5 Narwie Swamp  Y, c, e Y, a Y, a N  N  Y, a,c Y, c N 

STAL1 North Stallion  – N N –  –  Y, a* –  – 

PEE1 Pee Vee Creek – – Y, a N Y, a* Y, a* Y, a,c N 

PIB Piggery Bridge  – – Y, c –  Y, a,c N  N  N 

PIG Piggery Lake – – N N  Y, b,c N  N  – 

SPR1 Springbank  – – N N  Y, a,c Y, a –  – 

STE Steam Engine  Y, c Y, a Y, a N  Y, a,c,e Y, a,c,e Y, c,e N 

TAL1 Tala Lake  – – – –  Y, a Y, a –  – 

TBR Two Bridges – N Y, b, c, e N Y, c,e Y, b,c N N 

UAR1 Uara Creek – – – –  N  Y, a* N  – 

WAU1 Wagourah Lake – – N N  Y, a,b,c,e Y, a,b,e N – 
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Water management 
area/site code 

Site name  2016–17 2017–18 2018–19 2019–20  2020–21  2021–22  2022–23  2023–24^ 

Western Lakes 

PLC4 Paika Reedbeds – – – –  –  Y, f  N  N 

Notes: ^ processing of 2023–24 acoustic data is incomplete; – = no data.  
Sources: a = SoS/acoustic record (*acoustic record was distant, so bird suspected to be offsite) (DCCEEW 2025); b = Charles Sturt University acoustic record (Wassens 
et al. 2024); c = Ground survey records (Herring 2023, 2024b); d = Murray Darling Wetlands Working Group ground survey record NSW DPE 2022); e = CSU and/or 
DCCEEW incidental ground survey record; f = Landholder incidental record and photograph (P Morton, pers. obs.). 
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Table 7  Lower Lachlan: summary of acoustic and ground survey records of Australasian 
bitterns for sites monitored in the 2021 to 2024 period 

Formal monitoring commenced in 2021 with limited site access for acoustic and ground 
monitoring in 2022–23. See Figure 7 for site locations. 

Water management 
area/ 
site code 

Site name 2021–22 2022–23 2023–24 

Booligal Wetland system  

BOO1 Lake Bullogal Y, a – – 

NOON1 Noonamah Black Box Y, a – – 

VIL1 Lachlan River at the Ville Y, a* – – 

Great Cumbung region  

BLI1 Blimbungi Inlet Y, a – N, a 

BOX1 Box Camp Y, a – – 

BUN1 Bunumburt Lake Y, a Y, a* N, c 

BUN2 Bunumburt Back Lake Y, a N, a N, c 

CLE1 Clear Lake Y, a – N, c 

COM1 Lake Comayjong Y, a Y, a* – 

DRY1 Dry Lake Y, a Y, b,c Y, c 

JOH1 Johns Swamp – Y, a,b,c N, a,c 

LIG1 Lignum Lake# Y, a Y, b N, a,c 

NL Nooran Lake Y, d – – 

OX Oxley Bridge – – Y, d 

SP Spells Paddock Y, d – – 

SNA1 Snake Bank Y, a – N, a 

TUP1 Tupra Overflow Y, a N, c N, d 

TUP2 Tupra House Pond Y, a* Y, c* – 

TUP3 Tupra Pumphouse Y, a – N, a 

Notes:– = no data available; # includes area of Boocathan channel north of Lignum Lake.  

Sources: a = SoS acoustic (*SoS acoustic record is distant, so bird suspected to be offsite) (DCCEEW 2025); 
b = CSU acoustic (Znidersic 2023); c = ground surveys in January 2023 including birds offsite (Znidersic 
2023) and November–December 2023 (Herring 2024a); d = incidental DCCEEW ground survey records. 
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Figure 7  Wetland survey sites where Australasian bitterns were detected during acoustic and/or ground surveys in the Lowbidgee 

Floodplain (2016–2024) and lower Lachlan (2021–2024) in southern New South Wales (inset) 
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3.3 Watering approach 
Environmental water managers prepare annual watering plans that consider a range of 
climate conditions and water availability scenarios for the year ahead. Annual plans are 
prepared in consultation with water advisory groups. They consider the previous year’s 
conditions, the current health of key wetland sites and incorporate information available 
for priority species. The annual environmental water plans are consistent with the 
requirements of the Murray–Darling Basin Plan (Basin Plan) (Murray–Darling Basin 
Authority 2012), long-term water plans (a component of the Basin Plan), water sharing 
plans (made under the NSW Water Management Act 2000) and the NSW water strategy 
(DPIE 2021). 

All watering events planned for priority sites are subject to water availability each year. 
The conditions predicted for the year ahead are described under water resource 
availability scenarios as either very dry, dry, moderate, or wet to very wet. These 
categories are used to guide an overarching watering approach at the start of each 
water year for the Murrumbidgee and Lachlan catchments to either protect (very dry/ 
dry), maintain (dry), support recovery (moderate) or enhance natural events (wet to very 
wet). Watering objectives and potential watering approach for supporting Australasian 
bitterns are provided for the Lowbidgee Floodplain in Table 8 and lower Lachlan in 
Table 9. 

Delivery of environmental water is influenced by practical considerations and the type 
of water available. For example, the 2 types of environmental water used in the southern 
river valleys are ‘planned environmental water’ and ‘held environmental water’. Planned 
environmental water is water committed for ecosystem health or other environmental 
purposes through rules in surface and groundwater sharing plans. Held environmental 
water is water allocated to a water access licence held for environmental purposes. 
Held environmental water is a commonly used term for ‘licensed environmental water’. 
Both types of water are used differently in different river valleys, which can affect how, 
when and where water is delivered. 

Additionally, environmental water delivery typically must meet multiple competing 
objectives. Delivering environmental water to support wetland ecosystems, including for 
maintaining wetland vegetation health and providing refuge habitat for prey species 
(such as frogs) during dry and very dry periods, can provide long-term outcomes for 
Australasian bitterns. The ease of delivering water also varies across wetland regions. 
For example, options for delivering water via infrastructure to maintain inundation 
duration in individual sites are greater in the Lowbidgee Floodplain than the lower 
Lachlan. As well as the ability to deliver water through floodplain infrastructure, 
landholder permissions also must be secured before the start of each watering event. 

Waterbird ecological objectives and targets were developed as one of 5 themes in the 
NSW long-term water plans published in 2019–20 (see link in ‘More information’ 
section). These objectives align closely with waterbird expected outcomes specified in 
the Basin-wide environmental watering strategy (MBDA 2025). The long-term water plans 
identify objectives that focus on waterbird species richness (ecological objective WB1), 
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abundance (WB2), breeding activity (WB3 and WB4) and waterbird habitats (WB5). 
Strategies to support the group-nesting waterbird breeding objective (WB4) focus on 
augmenting flows at active breeding sites and adjoining foraging grounds to support 
successful breeding attempts within delivery and climatic constraints. Similarly, key 
watering strategies for Australasian bitterns in floodplain wetlands should also focus on 
the provision of breeding and foraging habitats. This approach aligns with management 
strategies identified for the Gayini Wetlands by the Nari Nari Tribal Council (NNTC 
2019). At Gayini, water is delivered to key wetland sites that support Australasian 
bitterns and is dispersed so country is inundated on either side of the main wetlands, 
creating foraging habitats and delivering flows across country and downstream. Where 
required, top-up flows are delivered to maintain stable water levels in key breeding 
sites. 

Table 8  Lowbidgee Floodplain: Watering objectives and potential watering approach for 
supporting Australasian bitterns 

Planning 
considerations 

Very dry Dry Moderate Wet to very wet 

LTWP 
objectivesa 

– WB 1,2,5 WB 1,2,3,4,5 WB 1,2,3,4,5 

Watering 
approach 

Protect Maintain Recover Improve 

Watering 
objectives 

Maintain 
habitat in 
key 
breeding 
wetlands 

Provide 
refuge for 
Australasian 
bitterns in 
key 
wetlands 

Provide breeding 
conditions for 
bitterns across sites 

Provide breeding and 
optimal recruitment 
conditions for bitterns 
across Lowbidgee 

Wetland 
conditions 

Very 
limited 
area of 
wetland 
inundated 
and 
substantial 
wetland 
drying 

Limited area 
of wetland 
inundated 

Inundation of core 
wetland area. Some 
natural flows in 
wetlands with 
additional managed 
flows 

Lengthy periods of high 
flow, major dam spills. 
Long periods of natural 
wetland inundation over 
large extent, 
with/without managed 
flows to extend the 
event  

Potential 
environmental 
watering sites 

– Core known 
bittern sites  

Known breeding 
sites and additional 
sites closest to 
these sites to be 
prioritised 

Connectivity of wetlands 
for bitterns and foraging 
areas. Additional flows to 
known breeding sites at 
end of the event 

Priority water 
management 
areas (WMA) 

– Parts of the 
Gayini 
Wetlands, 

Greater extent of 
the Gayini 
Wetlands, North 

All WMAs 
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Planning 
considerations 

Very dry Dry Moderate Wet to very wet 

North 
Yanga, mid 
North 
Redbank  

Yanga, upper and 
mid North Redbank 

a = Murrumbidgee long-term water plan (LTWP) ecological objective – see Table 4 in DPIE (2020a).  

Table 9  Lower Lachlan: Watering objectives and potential watering approach for 
supporting Australasian bitterns  

Planning 
considerations 

Very dry Dry Moderate Wet to very wet 

LTWP 
objectivesa 

– WB 1,2,5 WB 1,2,5 WB 1,2,3,4,5 

Watering 
approach 

Protect Protect Maintain Improve 

Watering 
objectives 

Avoid critical 
loss 

Inundate key 
refuges, if 
possible, to 
maintain 
ecosystem 
functions 

Maintain 
inundation extent 
and duration in 
core Australasian 
bittern breeding 
sites 

Maintain inundation 
extent and duration in 
breeding and foraging 
habitats 

Wetland 
conditions 

Very limited 
area of 
wetland 
inundated 
and 
substantial 
wetland 
drying 

Limited area 
of wetland 
inundated   

Inundation of core 
wetland area  

Lengthy periods of 
high flow, major dam 
spills. Long periods of 
natural wetland 
inundation over large 
extent, with/without 
managed flows to 
extend the event  

Potential 
environmental 
watering sites 

– Limited 
ability to 
deliver water  

Known breeding 
sites and 
additional feeding 
habitats closest to 
these sites to be 
prioritised 

Connectivity of 
wetlands for 
Australasian bitterns 
and foraging areas. 
Additional flows to 
known breeding sites 
at end of the event 

Priority water 
management 
areas (WMA) 

– – Great Cumbung 
Region  

Great Cumbung 
Region, Booligal 
Wetland system  

a = Lachlan long-term water plan (LTWP) ecological objective – see Table 4 in DPIE (2020b).  
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4. Monitoring and research needs 

4.1 Monitoring techniques  
Ongoing monitoring is required to improve knowledge of Australasian bittern 
distribution in floodplain wetlands and to document the species’ responses to 
environmental water delivery. The national recovery plan (Commonwealth of 
Australia 2022) identifies the need to design and implement a long-term monitoring 
program to identify population trends using standardised techniques at annual 
monitoring locations. Ideally this monitoring should be conducted alongside the 
collection of data on other parts of the ecosystem which impact bitterns, including 
breeding habitat condition and prey abundance (for example, frogs and wetland fish). 
Monitoring and research should also be led and/or supported by the First Nations 
groups managing or living on Country, and information shared and managed in 
conjunction with relevant groups (NNTC 2023).  

Monitoring the Australasian bittern presents several challenges as they are visually, 
behaviourally, spatially and temporally cryptic (Williams 2016). They are extremely well 
camouflaged, conduct limited flights, are mostly nocturnal, and move slowly and 
stealthily. They also mostly inhabit dense vegetation that can be difficult to access, 
particularly in very large wetland complexes in remote parts of the Murray–Darling 
Basin.  

When designing a monitoring plan for the Australasian bittern it is important to identify 
the objectives of the program. This will assist in deciding on an appropriate monitoring 
method and what information is to be gathered. Variables that could be monitored 
include presence/absence of the species, abundance, calling patterns, and habitat use 
within a wetland site including information on nesting locations and breeding outcomes.  

Male Australasian bittern calls are commonly used to detect presence as their calls are 
loud and have a distinct structure, with a low and narrow frequency range. This makes 
their calls relatively easy to hear and for an experienced observer to then locate 
individuals on the ground. Their distinctive calls also enable them to be identified using 
acoustic monitoring techniques. A recent review of monitoring techniques for 
Australasian bitterns (TERN Australia 2024) also provides detailed information for 4 
techniques described in the following sections. 

4.1.1 Triangulation surveys 
The most common monitoring method for bitterns is the triangulation survey method, or 
‘listening’ surveys. This approach aims to capture the presence of calling bitterns in a 
defined survey area. The benefit of the triangulation method is that minimal equipment 
is required, observers can be trained relatively easily, and the standardised method can 
be used at a national level across multiple observers including volunteers (Birdlife 
Australia 2022; O’Donnell and Williams 2015). 
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The triangulation survey method relies on more than one observer being present with 
the skills to identify individual birds. This survey method is most effective when the 
wetland is relatively accessible, and the survey can be carried out from the edge of a 
circular wetland, with a clear line of site free from tall vegetation. It is also best to 
survey multiple wetlands in the same area at a similar time as bitterns can move 
between wetlands before they have established a territory. This helps to avoid the 
double counting of birds. 

Triangulation involves using more than one observer positioned at points spread across 
the site, taking bearings and loudness/distance estimations across a defined period. See 
O’Donnell and Williams (2015) for detailed methods. Factors that may influence 
triangulation results include wind speed and direction, the distance of the bird from the 
observer, vegetation type, and occurrence of non-regular boom calls which can be heard 
at the start of a breeding season before territories are fully established. A survey period 
of one hour after dawn and/or before dusk is generally enough time to document all 
calling bitterns while being short enough that it is unlikely bitterns are moving around 
and being double counted. One hour gives the observers enough time to collect bearings 
of multiple birds and listen for overlapping calls of birds that can help distinguish 
individuals from each other. High calling rates can be more onerous on the observer to 
record as keeping track of the bearings, number of booms, and each individual bird can 
take time and concentration.  

The triangulation method may not be suitable for wetlands that are not a standard 
circular shape or in small wetlands when few birds are present. Triangulation is also 
thought to be unsuitable for wetlands larger than 250 hectares as male birds can be too 
distant, or it becomes too difficult to determine locations of individual birds because of 
overlapping calls (O’Donnell and Williams 2015). 

4.1.2 Area searches 
At sites where the triangulation method is not appropriate, that is, in very large wetlands 
or wetlands that are not circular in shape, other monitoring methods can be used. If 
access allows, it may be possible to get close to calling males to map the position of 
each bittern more accurately. Using a kayak, a wetland can be surveyed by searching 
the area methodically and mapping bitterns along the way. A handheld GPS for tracking 
the route taken is best for this type of survey so survey coverage is consistent across 
visits and to ensure double counting is not occurring. Slow approaches in a kayak tend 
to not startle the calling bird (O’Donnell et al. 2013) and may provide an opportunity to 
establish more accurate positions. Once the position is identified, a GPS point can be 
recorded. Depending on the size of the wetland this method can be much more time 
intensive than triangulation surveys. For area surveys, it is still best to target peak 
calling times around sunrise and sunset.  

4.1.3 Nest searches 
Nest searches are more suited to wetlands that have low vegetation and that are easier 
to access on foot, such as in agricultural settings and tall spike rush wetlands (Herring 
2024a; Herring et al. 2021b). This technique can be used to estimate the abundance of 
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female birds and the stage of nesting; things that triangulation and area searches are 
not able to do. These surveys also support the collection of information on nest success, 
predation and fledging rates. In most floodplain wetlands, nest searches are difficult to 
conduct as the height and density of nesting vegetation limits access. Ground searches 
for nests can be very difficult and time intensive, and also risk disrupting nesting 
activity, especially if done too early in the breeding season before eggs have been laid.  

Further development of drone survey technology, including the collection of thermal 
imagery (TERN Australia 2024), will likely enable future nest data collection over larger 
areas as part of routine monitoring, while limiting the potential disturbance of nesting 
birds. 

4.1.4 Acoustic monitoring  
Deployment of acoustic recorders is more suitable for monitoring the presence of 
Australasian bitterns in some situations, particularly for remote sites where access is 
difficult and/or where it is likely that natural flood events or local rainfall will limit site 
access over the core breeding season. Acoustic monitoring also allows for collection of 
finer-scale temporal data than is possible if undertaking ground surveys alone.  

Acoustic recorders can be programmed to record during times when bittern calling 
peaks, which is generally 2 to 3 hours either side of sunset and sunrise (DCCEEW 2025; 
Znidersic et al. 2024; Znidersic and Towsey 2023). This is beneficial because it can be 
challenging for observers to conduct ground and/or kayak surveys during these times of 
the day. Acoustic recorders deployed in combination with ground surveys can increase 
bittern detection rates (Znidersic and Towsey 2023). They also provide more 
comprehensive data on the first date when calling commences at the start of the 
breeding season as well as peak calling dates, which can be used as a proxy for the time 
of egg laying. More recent developments in acoustic data processing are also allowing 
for estimates of Australasian bittern abundance rather than just presence/absence 
information (Znidersic et al. 2024). 

Recorders are ideally deployed before the start of the breeding season (from August 
onwards) before environmental water is delivered. Data analysis (extraction) is often the 
limiting factor in determining the results from acoustic monitoring programs due to the 
very large amount of data collected. Data analysis can be very labour and cost intensive. 
The acoustic datasets are also generally processed after the breeding season which 
means the information is only available retrospectively to inform future watering events 
and is not available in real-time to inform water delivery to key wetlands. See O’Donnell 
and Williams (2015) and DCCEEW (2024) for recommended approach for processing of 
acoustic data, including visually analysing sound files to reduce processing times. 

4.2 Current gaps in survey coverage 
To date, wetlands in the Murrumbidgee and Lachlan catchments with limited monitoring 
data include the Booligal Wetland system on the lower Lachlan. This system supports 
large areas of lignum shrubland similar in extent to the Gayini Wetlands and hosts tens 
of thousands of group-nesting waterbirds in very wet years.  
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There are also gaps in coverage for anabranch sites in the Mid-Lachlan and in the Mid-
Murrumbidgee region, including the Fivebough and Tuckerbil swamps Ramsar site.  

Survey coverage has also not typically included wetlands dominated by canegrass 
(Eragrostis australasica). The importance of canegrass as habitat for bitterns in the 
Riverina is currently unknown, as these habitats are currently not monitored. 

4.3 Priorities for research  
Research that addresses current gaps in knowledge for the Australasian bittern would 
support the conservation of this species. Priorities for research identified in the national 
recovery plan for the Australasian bittern (Commonwealth of Australia 2022) include: 

• breeding success, survival and causes of mortality 

• local and long-distance movements through the landscape 

• diet and prey availability in wetlands supporting Australasian bittern 

• genetic diversity of the Australasian bittern from across its range. 

Additional research focused on floodplain wetlands that support Australasian bitterns 
and receive environmental water would also be of great value in improving the 
knowledge base for decision-making. Key knowledge gaps for environmental water 
sites in the NSW Murray–Darling Basin include:  

• the number of sites or hectares, including minimum area, of foraging habitat 
required to support a viable population of Australasian bitterns 

• the influence of wetland habitat heterogeneity and connectivity on Australasian 
bittern occurrence 

• the impact of predation on Australasian bittern nests and how this varies with site 
condition, habitat type, and inundation depth and duration 

• maximum foraging distances of adult and juvenile birds around nesting sites 

• the importance of overwintering habitat for juvenile Australasian bittern survival 

• outcomes of fire management, including cultural burning, on Australasian bittern 
habitat availability and vegetation structure 

• the impact of land-use changes, including change in rice cropping practices, on 
Australasian bittern population trends 

• the impact of introduced species, such as European carp and feral pigs, on the 
habitat condition of Australasian bittern sites 

• development of non-invasive survey techniques, for example drone surveys and 
eDNA surveys, to determine the presence of active nests and the number of female 
birds. 
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Appendix A 

Table 10 Summary of information on Australasian bittern foraging, breeding and movements  

Type of study Observation 
date(s) 

Study site Habitat type Description Reference 

Foraging August 2023 Werribee, south-west of 
Melbourne, Victoria 

Water treatment 
plant 

Bittern eating a small mammal during the day, 
on 2 separate occasions. 

Menkhorst and 
Silcocks 2004 

July 2010 Werribee, south-west of 
Melbourne, Victoria 

Shallow water in 
channel at water 
treatment plant 

Six behaviours observed during the day: 
hunting (67%), feeding, resting, preening, 
travelling and disturbed. Consumed 1.8 bell 
frogs per hour. 

Menkhorst 2012 

August 2007 Cuttlefish Bay, 
Kangaroo Island, South 
Australia 

Non-vegetated 
ephemeral 
wetland in open 
pasture 

Sighting of a bittern foraging diurnally in 
winter. 

Fitzsimons 2022 

1892–2020 Four regions in New 
Zealand 

 Various Feather analysis revealed contemporary 
bitterns are experiencing higher levels of 
nutritional stress compared to historical birds. 

Kennard 2022 

Breeding 2003–2005 Murrumbidgee Irrigation 
District, Coleambally 
Irrigation District, New 
South Wales (NSW) 

Rice field Waterbirds in rice project, 5 males recorded in 
one season. 

Taylor and 
Schultz 2010 

2009–2010 11 wetlands located in 
southern Western 
Australia 

Wetlands Bitterns were observed at 7 of the 11 wetlands. 
Breeding was observed at Lake Pleasant View 
pre-2008 and in the 2009–10 season. Breeding 

Clarke et al. 2011  
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Type of study Observation 
date(s) 

Study site Habitat type Description Reference 

was observed at a site in Albany during the 
2009–10 season. 

Breeding  2012–2013 Coleambally Irrigation 
District, Murrumbidgee 
Irrigation District, 
Murray Irrigation 
District, NSW 

Rice field 70 bitterns recorded in rice crops during the 
2012–13 season; largely concentrated within 
the Coleambally Irrigation District. 

Herring et al. 2014 

2013–2017 Coleambally Irrigation 
District, Murrumbidgee 
Irrigation District, NSW 

Rice field 72 bitterns recorded across 4 rice seasons; 
bittern presence increased with increased 
cover and height of rice. 

Herring et al. 2019 

2013–2018 Coleambally Irrigation 
District, Murrumbidgee 
Irrigation District, NSW 

Rice field 17 nests located in 189 study sites – 13 from 10 
study sites plus 4 opportunistic sites outside of 
the study. 

Herring et al. 
2021b 

1893–2008 North and South Islands 
of New Zealand 

Various 109 nests reports analysed for timing, clutch 
size, number of nestlings and nesting habitat 
type. 

O’Donnell 2011 

2014 South-west Western 
Australia 

Wetlands Acoustic data analysed for determining 
individual bittern calling. 

Graff 2014 

Movement 2007–2012 105 wetlands located in 
south-west Western 
Australia 

Wetlands Long-term survey of bittern presence and 
breeding. 132 records of bitterns in 29 
wetlands. 

Pickering 2013 

 2014 Lake Whangape, New 
Zealand 

Juncus spp. and 
Persicaria spp. 

Tracking habitat use by a rehabilitated bittern. Williams and 
Brady 2014 
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Type of study Observation 
date(s) 

Study site Habitat type Description Reference 

2016 Coleambally Irrigation 
Area, NSW 

Fledged from 
rice crop 

Satellite tracking study of juvenile male bittern, 
travelled to and from the NSW Riverina and 
South Australian coastline.  

Herring et al. 2016 
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More information 
• Long-term water plans – NSW 

• Water sharing plans 

https://www.environment.nsw.gov.au/topics/water/water-for-the-environment/planning-and-reporting/long-term-water-plans
https://www.dpie.nsw.gov.au/water/our-work/plans-and-strategies/water-sharing-plans
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