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Abstract 

A lack of appropriate scientific research, historical data and robust bioclimatic models 

for Kakadu National Park has made it difficult to predict the potential ecological impacts 

of climate change upon Kakadu’s wetlands with any certainty (Bayliss et al., 1997; 

Bartolo et al., 2008).  The most recent climate projections for Kakadu National Park, 

sourced from CSIRO are derived from the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change (IPCC) for the years 2020, 2050 and 2070 

(Hennessy et al., 2008).  Previous reports on the impacts of climate change upon 

Kakadu were based on earlier IPCC models, which have created some inconsistencies 

in the literature (Hennessy et al., 2004; Bayliss et al., 1997; Cobb et al., 2000).  These 

latest projections, although highly variable, indicate Kakadu is likely to experience 

higher average temperatures and more hot days, with more extreme cyclones and 

floods.  Rainfall is not projected to either increase or decrease, although seasonal shifts 

could occur.  Significant saltwater intrusion of freshwater wetlands is likely to 

significantly reduce freshwater wetland habitat. 

Three wetland key species were used as case studies to examine some of the potential 

ecological impacts of climate change based upon existing literature and knowledge of 

each species’ life history.  The case studies showed how specific impacts interact with 

each other, making it difficult to predict future changes in the abundance and 

distribution of each species.  However, the projected level of saltwater intrusion due to 

sea level rise is likely to have a significant impact upon species which depend heavily 

upon freshwater wetlands, such as wild rice and magpie geese.   

The case studies also highlighted the importance of conserving species which play a 

key role in the food chain, such as wild rice.   The flow-on impacts of climate change 

will depend upon ecological relationships and the environmental vulnerability of each 

particular species.  Highly adaptive species with a broad diet such as the saltwater 

crocodile are likely to be less sensitive to the impacts of climate change than those with 

more specific requirements. 

This study highlights the need for information sharing and continued open 

communication between traditional owners, park managers and user groups. It also 

reiterates the need for adaptive planning which considers the needs of traditional 
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owners and user groups under the constraints of climate change and potential conflicts 

that may arise.  Finally, the Kakadu wetlands are just one of many habitats threatened 

by climate change.  This thesis emphasises the urgent need for policies and action to 

immediately reduce our global greenhouse gas emissions if we are to prevent major 

losses in biodiversity around the world.  
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Chapter 1:   

Introduction 

1.1  The wetlands of Kakadu National Park 

The wetlands of Kakadu National Park are part of the Alligator Rivers Region, located 

150km east of Darwin in the wet-dry tropics of Northern Australia (Eliot et al., 2000).  

The Ramsar Convention (1971) defines a wetland as an area of marsh, fen, peatland or 

water, natural or artificial, permanent or temporary, with water static or flowing, fresh 

brackish or salt including marine areas not exceeding a depth of 6m at low tide (Bayliss 

et al., 1997; Cooke, 1999; Ramsar Convention on Wetlands, 2007).  Wetlands perform 

important regulatory functions such as nutrient cycling, provide habitat for a diverse 

range of species, and are an important source of food, materials and clean water 

(Schuyt and Brander, 1994).   

In Kakadu, wetlands include mangroves, freshwater floodplains, salt flats and small 

permanent lakes (Finlayson et al., 2006).  They consist of a coastal and estuarine 

fringe of mangroves and salt marsh flanked by floodplains which form temporary 

freshwater wetlands during the wet season and evaporate in the dry season to form dry 

cracked plains, swamps and a few permanent billabongs (Press et al., 1995). 

Kakadu National Park is a biodiversity hotspot, containing over one third of Australia’s 

bird species, about one quarter of Australia’s mammal species, 1600 known plant 

species, 128 reptile species and an estimated 10,000 species of insect (Hyder 

Consulting, 2008).  The Kakadu wetlands are relatively pristine compared to other 

wetlands in Australia (Australian Greenhouse Office, 2004; Cobb et al., 2000).  The 

134,765ha of wetland in Kakadu National Park is a highly dynamic and productive 

environment, home to at least 50 freshwater fish species, several mammal species, 

137 wetland-dependent bird species, 346 plant species and 24 reptile species, 

including two species of crocodile (Finlayson et al., 2006).  It is also an important 

feeding and breeding site for thousands of waterbirds (Hyder Consulting, 2007).  Some 

39 migratory species listed under the Bonn Convention are found in Kakadu, a critical 

part of the East Asian- Australasian Flyway (Director of National Parks, 2007). The 

Kakadu wetlands is one of 33 nationally significant wetland sites in the Northern 

Territory (Environment Australia, 2001). 
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Kakadu’s wetlands are recognised both nationally and internationally for their 

biodiversity and cultural importance.  The Alligator River Region is listed on the 

Register of the National Estate and recognised under the Ramsar Convention for its 

conservation value. Kakadu National Park is World Heritage Listed for both its natural 

and cultural values (Director of National Parks, 2007; Eliot et al., 2000).  The Kakadu 

wetlands are a major tourist drawcard for the Northern Territory and an icon of 

Australia’s tourism marketing campaign (Tremblay, 2006; Director of National Parks, 

2008; Kakadu National Park Board of Management, 2008).  In 2004/05, Kakadu 

attracted 165,300 visitors, directly contributing about $58.1million to the Northern 

Territory economy (Tremblay, 2005; Director of National Parks, 2007).   

1.2  Management of Kakadu National Park  

Kakadu National Park was declared in three stages from 1981-1991 and is jointly-

managed by both traditional owners and the Australian Government under a Board of 

Management.  The Board currently consists of ten traditional owner representatives 

and five others, including the Director of National Parks, representatives of Parks 

Australia, a tourism expert and a conservation expert (Director of National Parks, 

2007).  The traditional owners of Kakadu are made up of many different clan groups 

and nine major language groups, collectively referred to as Bininj (Lawrence, 2000).  

Senior clan members have responsibility for making decisions about the management 

of their lands (Director of National Parks, 2007).  Bininj have managed the country in 

and around Kakadu since the creation time, when the first ancestors formed the 

landscape.  Archaeological records show people have occupied the area for at least 

50,000 years (Lawrence, 2000). Sacred sites of cultural significance and rock art sites 

occur throughout the park.  Approximately half of the 19,804km2 park is under 

Aboriginal freehold title, which is leased back to the Australian Government for the 

purpose of being managed as a Commonwealth reserve under the Aboriginal Land 

Rights (Northern Territory) Act 1976 (Kakadu Board of Management, 2008).  

Kakadu National Park is managed for use by traditional owners, tourists and 

recreational visitors. For traditional owners, the wetlands provide an important place for 

hunting and gathering, ceremonies and cultural activities such as fire management.  

Bininj target magpie geese (Anseranas semipalmata), turtles, mud crabs (Scylla 

serrata) and fish such as barramundi (Lates calcarifer) and catfish for bush tucker, as 
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well as gather plants such as water lilies and water chestnut (Eleocharis spp.) (Bayliss 

et al.,1997).  Many plants and animals are of cultural significance to Bininj, as they 

have an important totemic role and are often used for food or medicine (Director of 

National Parks, 2007).  In Bininj culture, the history, hydrology, geology and ecology of 

the natural landscape is central to creation stories and in this way nature and culture 

are inextricably linked  (Lawrence, 2000).  Complex laws govern the use and 

management of wildlife and habitat according to clan and totem.  

Recreational activities such as fishing, camping, boating and bushwalking are also 

popular with local visitors.    Recreational fishers target highly sought-after barramundi 

(Lates calcarifer), as well as threadfin salmon (Polyneides sheridani), mangrove jack 

(Lutjanus argentimaculatus) and other estuarine fish.  A permit is not required to fish in 

most areas of the Park if using a single hand line (Director of National Parks, 2007). 

The rich culture of Kakadu National Park is a major drawcard for many tourists, who 

come to learn from Aboriginal people, visit rock art sites and experience traditional 

culture. The cultural and spiritual values of Kakadu are a strong component of 

marketing the region within Australia and overseas (Kakadu Board of Management, 

2008).  The peak season for tourism is during the dry season when weather conditions 

are comfortable, the rest of Australia is cooler, and most of Kakadu is accessible by 

road.  The low season for tourism occurs in the wet season when hot humid weather 

makes conditions uncomfortable, flooding prevents access to many tourist sites in 

Kakadu and the southern parts of Australia, being in summer, are relatively more 

attractive (Boustead & Tremblay, unpublished data, 2009). 

The rock art of Kakadu shows that Bininj have adapted to considerable environmental 

change over the past 8000 years associated with changing climatic conditions.  Bininj 

have lived in the region for over 50,000 years and have witnessed a great deal of 

change during this time, including several interglacial periods and the recent 

colonisation by Europeans (Lawrence, 2000).  Although it is now occurring at a faster 

rate, Bininj see climate change as something that is not new.  Changes in lifestyle as 

they adapted to different climates are recorded not only in rock art, but also in stories 

handed down through the generations (Yibarbuk, 2008).  
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Fire is an important part of the north Australian landscape.  Areas of the Park have 

been managed for many generations through traditional burning in the early-mid dry 

season (Yibarbuk, 1999).  Burning promotes good habitat for magpie geese and turtles, 

as well as improving access to wetland areas for hunting and gathering (Lawson, 

1999).  An interruption to the traditional mosaic pattern of fire management since 

European settlement and the introduction of grass species over the past 50 years has 

increased the fuel load of the north Australian savanna and wetlands (Walden & 

Gardener, 2008; O’Connor & Douglas, 2004). This is likely to have contributed to 

hotter, more frequent fires which are linked to a decline in some fire-sensitive habitats 

and species (Russell-Smith, 2008; Woinarski et al., 2007).  Park managers currently 

work with Bininj to manage fire within Kakadu (Director of National Parks, 2007). 

Uranium mining occurs within the park in the Magela Creek catchment, a tributary of 

the East Alligator River (Bayliss et al., 1997).  The only major town within the Park, 

Jabiru, services Ranger Uranium Mine as well as tourists, accommodating 1100 

residents.  The mine owner, Energy Resources Australia, provides infrastructure to the 

town in return, including electricity through a diesel generator.  Ranger Uranium Mine is 

currently expected to cease operations in 2014.  The future of Jabiru is uncertain as its 

town lease expires in 2021 (Director of National Parks, 2007).   Some Indigenous 

residents also choose to live in outstations dotted throughout the park. 

1.3  Climate change in northern Australia 

Greenhouse gases trap heat around the Earth by absorbing infrared radiation, 

moderating the temperature of the atmosphere.  Major greenhouse gases include water 

vapour, carbon dioxide, methane and nitrous oxide, which are regulated through 

ecological, hydrological and nutrient cycles.  These gases are also released through 

human activities such as burning of fossil fuels, waste generation, agricultural activities 

and land clearing (CSIRO, 2007).  Since 1750, levels of carbon dioxide in the 

atmosphere have increased by 35%.  Methane has increased by 148% and nitrous 

oxide by 18% (Hennessy et al., 2008).  

Since 1950, global average temperatures have increased by 0.7°C and are projected to 

increase 1.5°C to 6°C by 2100.  The Intergovernmental Panel on Climate Change 

(IPCC), a global collaboration of climate scientists, assert in its Fourth Assessment that 
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it is very likely increases in global temperatures can be attributed to an increased level 

of greenhouse gases in the atmosphere due to human activities (IPCC, 2007).  

According to Hennessy et al. (2004), to limit global warming to between 1.2 and 2.3°C 

by the year 2100, carbon dioxide concentrations in the atmosphere would need to be 

stabilised at 450 parts per million (the current level being 373 ppm). Doing so would 

require a 70% reduction in global carbon dioxide emissions over the next 100 years. 

Australian average annual temperatures have increased by 0.9°C from 1910, with the 

greatest amount of warming in the east and the least amount of warming in the north-

west of the continent (Figure 1).  These trends have also been associated with drier 

conditions in the east and south-west parts of Australia and an increased number of 

wet days and very heavy rainfall (<30mm) events in the north since 1950 (Hennessy et 

al., 2008, CSIRO, 2007).  

 

Figure 1: Trends in annual mean temperature and rainfall since 1950. Source: 

Australian Bureau of Meteorology (2008a) in Hennessy et al. (2008).  

Climate change could potentially affect the hydrological, geomorphic and ecological 

dynamics of Kakadu’s wetlands through a rise in sea-level, variation in seasonal rainfall 

patterns, more extreme hot days, an increased rate of evaporation and an increased 

intensity in tropical cyclones (Eliot et al., 2000).  This has been a topic provoking 

intense media and political interest, including widespread reports of an 80% loss of 

freshwater wetlands in Kakadu by 2050 under a 2-3°C rise in average temperature 

(Fyfe, 2005; AAP, 2007).  Kakadu National Park is identified as one of several key 
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‘hotspots’ particularly vulnerable to the impacts of climate change by the 2007 IPCC 

Report and the 2008 Garnaut Report (IPCC, 2007; Garnaut, 2008). 

Saltwater intrusion caused by a combination of natural factors as well as by boat 

activity and feral buffalo has already occurred in some areas of the Park and 

extensively throughout the nearby Mary River wetlands (Winn et al., 2006; Australian 

Greenhouse Office, 2004).  This has resulted in the death of Melaleuca trees and the 

loss of freshwater wetland habitat.  As a result, Park managers have restricted boat 

access at the popular tourist destination of Yellow Waters Billabong and built levee 

banks downstream to prevent saltwater intrusion (Winderlich, 2008, pers comms).  

Traditional owners are concerned that accelerated saltwater intrusion caused by a rise 

in sea level will impact on access to and availability of traditional food sources such as 

magpie geese, barramundi and turtles, as well as low-lying islands (Director of National 

Parks, 2007; Neidjie et al., 2008).  Some senior Bininj report they have already noticed 

a change in the timing of seasons and worry how this will impact upon bush tucker and 

lifestyles of future generations (Neidjie et al., 2008). The tourism industry fears the loss 

of freshwater wetlands in Kakadu may reduce the appeal of Kakadu as a tourist 

destination and therefore lead to a drop in visitation (Boustead & Tremblay, 

unpublished data, 2009). 

1.4  History of biophysical research 

The wetlands of Kakadu have attracted significant attention from researchers over the 

past thirty years. Scientific research on the Alligator Rivers Region began in the 1970’s 

with the Alligator Rivers Region Environmental Fact Finding Study, prompted by 

environmental and social concerns about proposed uranium mining within the Park.  

This resulted in the controversial Fox Inquiry, which saw the first uranium mine 

constructed at Ranger (Bayliss et al., 1997; Cobb et al., 2000; Lawrence, 2000). The 

Environmental Research Institute of the Supervising Scientist (eriss) at Jabiru, near 

Ranger Uranium Mine, commenced in 1996 to assess and monitor coastal change 

within the Alligator River Region, funded by the Australian Government.  In 1997, 

Bayliss et al. conducted a major Vulnerability Assessment of the Alligator Rivers 

Region to establish the risk posed by climate change and a potential sea level rise.  

They reported that unfortunately considerable amounts of biophysical monitoring 

information had been lost due to poor recordkeeping (Bayliss et al., 1997). They also 
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identified significant knowledge gaps in terms of baseline data about existing 

conditions, long-term monitoring information, planning and management.  Monitoring of 

Magela Creek Catchment and establishing a database of information for Kakadu, 

including mapping hydrodynamics of the region, has continued to be a focus of eriss 

(Bayliss et al., 1997; Cobb et al., 2000). 

A lack of appropriate scientific research, historical data and robust bioclimatic models 

for the region make it difficult to predict the potential ecological impacts of climate 

change with any certainty. Bayliss et al. (1997) note that “although the Kakadu 

wetlands have undergone major ecological change over the past few decades....this 

has not provided sufficient impetus to thoroughly investigate the complex hydrology of 

the region.”  Insufficient knowledge of interaction between wetland plant communities 

and changes in hydrological and depositional conditions was also noted.  A lack of tidal 

and stream gauges and no permanent water level gauges in van Diemen Gulf means 

there is scarce hydrological data available (Bartolo et al., 2008).  Finlayson  (2001) 

comments that despite an ongoing scientific effort focusing on the effects of climate 

change on the wetlands of Kakadu, research is needed to address current knowledge 

gaps including better climate change scenarios, baseline data, a collation of existing 

data and biophysical and social processes (Finlayson, 2001).   

The Australian Government is attempting to address this knowledge deficit by 

conducting a ‘first pass’ National Coastal Vulnerability Assessment to identify risks to 

Australia’s coastal zone from climate change, provide decision makers with a better 

understanding of the potential costs and identify priority areas for research, under the 

umbrella of the National Climate Change Adaptation Framework (Department of 

Climate Change, 2009).  This includes: 

• Vulnerability Assessment of the implications of climate change for six case 

study areas, including Kakadu National Park.  

• Purchasing a medium resolution Digital Elevation Model for the Australia coast.   

A Digital Elevation Model for the Alligator River Region is currently being 

designed, which will provide a more accurate projection of the level of saltwater 

inundation with a rise in sea level (Bartolo, 2008, pers comms). 
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• National Coastal Habitat Mapping by CSIRO to assess the vulnerability of 

Australia’s biodiversity to climate change.  

• National ‘Smartline’ mapping of coastal areas by GeoScience Australia to 

categorise areas according to their geomorphology as high, medium or low risk 

to climate change. 

These studies are at various stages of completion, but full results are unlikely to be 

available until at least July 2009 and are unfortunately beyond the scope of this thesis 

to evaluate (Dovey & Morley, 2008).   

A variety of agencies are involved in research and operations within the Alligator River 

Region.  Three Australian government agencies are based in the Top End region 

(CSIRO, eriss and Bureau of Meteorology).  The Department of Climate Change, based 

in Canberra, is responsible for co-ordinating climate change projects in the region. 

Bayliss et al. (1997) recommended that dialogue and cooperation between all agencies 

was required for effective coastal management of the region.   Finlayson (2001) 

contends the current disparate and at times antagonistic governance structure of the 

Alligator River Region does not have the capacity to cope with the massive landscape 

change posed by climate change and a more holistic approach to information collection 

and dissemination is required.  A key aim of the Kakadu National Park Plan of 

Management is to develop and maintain cooperative relations and partnerships with 

key stakeholders, a goal recently highlighted at the Kakadu Climate Change 

Symposium in August 2008 (Director of National Parks, 2007).   

Climate change is a highly complex issue which knows no boundaries.  It has wide 

ranging implications for every aspect of society, the economy and the environment.  

Bayliss et al. (1997) describe climate change as a ‘wicked problem’ for management 

policies where solutions must be considered in a holistic sense so they do not solve 

one problem by creating another.  There is a great deal of uncertainty about the 

potential flow-on effects of climate change which presents a challenge for policy-

makers and land managers.   

Despite the uncertainties surrounding specific climate change impacts, there is now 

consensus amongst climate scientists that climate change is occurring and that it 

presents a threat to the wetlands of Kakadu (Garnaut, 2008; Hennessy et al., 2004; 
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Bayliss et al., 1997).  The nature of climate change impacts provide an opportunity for 

co-operation and knowledge sharing between government agencies, research bodies, 

traditional owners, tourism operators and industry.  Further to this, it presents an 

opportunity to improve land management practices to benefit biodiversity and increase 

resilience of natural systems to the most disturbing aspects of climate change 

(Campbell, 2008).  In this context while the far-reaching consequences and complexity 

of climate change in Kakadu are daunting, it must be reiterated that according to the 

Precautionary Principle under the Intergovernmental Agreement on the Environment, 

lack of full scientific certainty should not be used to justify postponing remedial or 

preventative action where a potential environmental threat is identified (Bayliss et al., 

1997).  In response, Kakadu National Park managers are focusing on building 

resilience of the area to the impacts of climate change, through fire, pest and weeds 

management until more specific information is available (Boustead & Tremblay, 

unpublished data, 2009). 

Repeated media claims of a potential 80% loss of Kakadu’s freshwater wetlands under 

climate change have attracted worldwide attention.  This news originated from research 

using climate projections now superseded by the Fourth Assessment (CSIRO, 2007; 

Hare, 2003; Hennessy et al., 2008).  The vulnerability of the Alligator River Region to a 

30cm sea-level rise was assessed using a basic topographical map (Bayliss et al., 

1997).  Since this study was completed, more complex knowledge and models of river 

system dynamics and topography have been developed and are currently being applied 

in a new Vulnerability Assessment (as detailed above).  While details and the findings 

of this new study are not yet available, the overall low-lying nature of the region 

suggests that even a small rise in sea level could carry significant consequences.   

1.5  Aims and Objectives  

Research has been conducted within the Alligator Rivers Region on a variety of scales 

but few studies combine knowledge from a range of disciplines to provide an overview 

of interactions within the catchment.  This thesis aims to bring together the latest 

research on climate change scenarios for the region with current knowledge of use and 

ecology of key species in Kakadu’s wetlands. This integration will inform future and 

current land managers, policy makers and traditional owners about what climate 

change could mean for Kakadu’s important wetland species. 
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The objectives of this thesis are as follows: 

1.  To review the literature to identify the biogeography and natural history of Kakadu 

National Park.  

2.  To describe the major uses and values of wetlands in Kakadu National Park and 

identify the conservation, cultural and socio-economic importance of three key wetland 

species. 

3.  To summarise potential CSIRO climate projections for Kakadu National Park 

wetlands; apply this to current knowledge of the life-histories of three key species; and 

explore the potential vulnerabilities of each species to climate change. 

4.  To discuss how the potential impacts of climate change may affect use of wetlands 

in Kakadu National Park and make recommendations about how managers and user 

groups could respond. 

Three key species have been chosen on the basis of their reliance on freshwater 

wetland habitat, high conservation value and high socio-economic value to traditional 

owners or tourism.  These include the saltwater crocodile (Crocodylus porosus), 

magpie goose (Anseranas semipalmata) and wild rice (Oryza meridionalis).  A decline 

in abundance or change in distribution of these species poses a threat to the socio-

economic, cultural and conservation values of Kakadu National Park (Bayliss et al., 

1997).  A lack of response to these changes could lead to increased competition 

between user groups, a decline in tourism value of the region, loss of cultural heritage 

or loss of traditional food sources.  Since Kakadu National Park is a diverse 

environment hosting several competing interest groups, a loss of wetland areas may 

increase the potential risk of conflict between user groups (Morse, 2006; Lawrence, 

2000). 
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Chapter 2:  

Biophysical description of the Alligator Rivers Region 

2.1  Location 

The Alligator Rivers Region is situated in the wet-dry tropics of Northern Australia, 

150km east of Darwin.  It is a biophysical region bounded by the low-lying coastal zone 

from Point Stuart through to the mouth of the East Alligator River and includes all of 

Kakadu National Park. Walden (2000) defines the Alligator Rivers Region as the 

lowlands extending from the Arnhem Land escarpment to the coastal plains of van 

Diemen Gulf.  It contains four major river catchments; the South Alligator, East 

Alligator, Wildman and West Alligator (Bayliss et al., 1997; Eliot et al., 1999).  These 

rivers drain into van Diemen Gulf, which experiences a very large tidal range of up to 6 

metres due to its deep basin and shallow shores. Kakadu National Park itself is mainly 

drained by the South Alligator and East Alligator Rivers.  The coastal plain is just 3-4 

metres above Australian Height Datum (ADH) or 0.2-1.2 metres above mean high 

water sea level (Woodroffe et al., 1985), making it highly vulnerable to the effects of 

small fluctuations in river discharge and sea level (Bayliss et al., 1997; Eliot et al., 

1999).  The combined catchment area is 28,000km2, about 8,000 km2 larger than the 

Kakadu National Park boundary.  The region can be classified into three major 

landscapes; the plateau and escarpment; lowlands; and floodplains (Walden, 2000).  

Floodplains and associated intertidal wetlands cover approximately 217,450 hectares of 

the region, 89% of which consists of freshwater wetland.  Mangroves and samphire 

make up the remaining 11% (Bayliss et al.,1997). 
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Figure 2:  Alligator River Region including Kakadu National Park.  Arnhem Land 

lies east of the Park boundary (Source:  Bayliss et al., 1997). 
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2.2  Landscape 

The geological history of the Kakadu region extends back 2000 million years.  The Pine 

Creek Geosyncline extending from near Darwin to Arnhem Land consists of 

mineralised metasediments and igneous rock.  The younger sandstones of the 

Mamadawerre (formerly Kombolgie) Formation form much of the escarpment in the 

east.  

Finlayson et al. (2006) describe six geomorphic landscape classes in Kakadu National 

Park to reflect the origins of the landscape: 

• Arnhem Land Plateau  

• Dissected Foothills of Igneous Origin 

• Mamadawerre (Koolpinyah) Surface  

• Deeply Weathered Mamadawerre (Koolpinyah) Surface 

• Alluvial floodplains 

• Coastal floodplains  

 

The broader landscape can be classified into the sandstone plateau and escarpment, 

lowland plain, flood plains and flood basins along rivers, estuarine flood plain and a 

narrow coastal plain (Finlayson & Oertzen, 1996). The soils of the floodplain are clayey, 

silty and sandy alluvium.  The flood basins and coastal plains are made up of fine-

textured cracking clay soils (Finlayson & Oertzen, 1996). 

Geological studies indicate the rivers and floodplains of the Alligator River Region are 

relatively young.  Studies of sediment deposits found they began forming about 8000 

years ago as the sea level rose, flooding river valleys and extending mangrove forests 

inland.  The Alligator River wetlands were formed from a massive mangrove swamp 

created about 6800-5300 years ago as sea levels stabilised (Lawrence, 2000).  This 

became a floodplain after sedimentary deposition elevated it above sea level. The 

chenier plain which separates the floodplains from the mangroves formed from sand 

accretion 2000-5000 years ago.  Studies of paleochannels in the South Alligator River 

also show that the tidal river changed course several times over this period, stabilising 

about 1600 years ago  (Woodroffe et al., 1985).  On the nearby Mary River wetland, it 
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is estimated these paleochannels were created and then filled in between 4000-3500 

and 2500-2000 years ago (Woodroffe and Mulrennen, 1993 in Australian Greenhouse 

Office, 2004). 

Woodroffe et al. (1985) classify the South Alligator River into three major landforms: the 

coastal plain; deltaic-estuarine system; and alluvial plains; a description which can also 

be applied to other large rivers of the region. At the coastal plain near the mouth of the 

river, shelly sands are deposited by tidal flows to create chenier plains and mangrove 

wetlands occur. The mangroves and chenier act as a buffer between the saltwater 

coastline and the freshwater wetlands beyond, protecting the coastal plains from the 

effects of storms and erosion (Heerdegen and Hill, 1999).  Small streams lined with 

mangroves allow saltwater intrusion up to a few hundred metres from the coast.  The 

upper coastal plain on the South Alligator River has black cracking clays dominated by 

sedges with herbaceous swampland occurring in wet areas (Woodroffe et al., 1985). 

The transition between coastal plain and the deltaic-estuarine system mid-stream 

occurs where wet season discharge has a negligible effect upon overbank 

sedimentation (Woodroffe et al., 1985).  Typically the river mouth and estuary form a 

funnel until the river becomes a meandering channel, then a wider, cuspate channel 

further upstream.  Here the upper floodplains lie just above the spring tide level, 

consisting of black cracking freshwater clays inundated for 3-4 months of the year with 

wet season floods.  As the clay dries out in the dry season, deep cracks occur.   The 

lower floodplain can remain inundated for nine months of the year.  The upper 

floodplains are less than a metre higher than the lower floodplains.   

The alluvial plains are the freshwater floodplains found upstream of the tidal limit.  

When inundated in the wet season, they are dominated by herbaceous aquatic 

vegetation, drying out and cracking in the dry season.  The alluvial plain is linked to the 

lower floodplains through channels, gullies or swamps and connects with upper 

floodplains in higher areas.    Billabongs form as they are cut off from river channels, 

separated by sand plugs or natural levees (Woodroffe et al., 1985).  
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2.3  Climate and hydrology 

The climate is characterised by a cool, dry season (May-October) and a hot, humid 

season (November-April), when about 90% of the annual rain falls (Figure 3).  The 

mean annual rainfall is 1580mm, although significant variation occurs from year to year.  

Daily maximum temperatures are above 30ºC year round, ranging from an average of 

32 ºC in June to 38 ºC in October.  Average minimum temperatures range from 18 ºC in 

July to 25 ºC in November (Bureau of Meteorology, 2008a).   

Cyclones occur during the wet season when a monsoonal trough develops off the 

northern coastline (average of one/year).  Cyclone Monica was a Category 5 cyclone 

which hit the coastline in April 2006, 35km west of Maningrida in West Arnhem Land.  

Cyclone Monica triggered a six-metre storm surge and wind speeds of up to 360km/hr, 

which caused significant widespread damage to Maningrida and Jabiru townships as 

well as 50-70% of trees to fall in its path (Bureau of Meteorology, 2008b).  This was the 

most intense recorded cyclone in the southern hemisphere to make landfall (Cook, 

2008). 
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Figure 3:  Total Annual Rainfall and Monthly Rainfall at Oenpelli, showing large 

variation in seasonal and annual rainfall.  Source: Bartolo et al., 2008 

Extreme seasonal variation in rainfall and large tidal range drive the dynamic hydrology 

of the wetlands.  During the dry season, freshwater discharge decreases substantially 

due to high evaporation rates and a lack of rainfall, allowing tidal flows carrying high 

sedimentary loads to dominate.   Billabongs form and the flooded plains slowly drain, 

eventually becoming cracked clay pans or swamps in lower areas.  By the end of the 

dry season 95% of floodplains are dried and all billabongs disappear except for a few 

permanent waterholes (Press et al., 1995).  
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With the first rains (>150mm), the clay surface seals over and becomes impermeable 

(Walden, 2000).  In the wet season, high rainfall fills the braided network of creeks and 

rivers upstream and underground aquifers are recharged. Freshwater discharge 

suddenly increases, causing extensive flooding across the floodplains to a depth of 

several metres, and a salt wedge to be pushed into the lower reaches (Walden, 2000).           

Bininj divide the year into six seasons relating to weather patterns, flowering and 

fruiting of particular flora and abundance and behaviour of fauna.   This provides 

perhaps a more accurate picture of the climate of Kakadu (Figure 4). Seasonal 

changes were traditionally accompanied by a general migration of people up to the 

plateau during wet season floods and back down to the lowlands where food is more 

abundant after the floods subsided (Brockwell et al., 1995).  Different clans visited the 

wetlands at different times of the year for ceremonial purposes and to take advantage 

of the various abundant food sources.  

 

Figure 4: The six seasons of Kakadu (Gundjeihmi language) (Aldersen et al., 1979) 
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2.4  Biodiversity    

The Kakadu wetlands provide important feeding and breeding areas for turtles, 

crocodiles, frogs and birds (Eliot et al., 1999).  Over two million waterbirds of 60 

species use Kakadu’s wetlands for breeding, staging or wintering including large 

numbers of magpie geese (Anseranas semipalmata) and wandering whistling-duck 

(Dendrocygna arcuata) (Press et al., 1995). An additional 137 wetland-dependent 

species use the floodplains and riparian zone of Kakadu National Park (Finlayson et al., 

2006).  The freshwater wetlands are an important dry season refuge for wildlife playing 

a vital role in supporting a diverse range of species (Walden, 2000).  The wetlands 

contain over 50 fish species, including eight species with a restricted range (Director of 

National Parks, 2007).  Some 24 reptile species can also be found in the floodplains, 

estuaries and riparian zones of Kakadu including snakes, turtles, monitors, lizards and 

two species of crocodile (Crocodylus johnstonii and Crocodylus porosus) (Hyder 

Consulting, 2007).   A high diversity of frog species can be found in Kakadu National 

Park, particularly in the lowland clay-pan areas, including the burrowing frogs Uperoleia 

spp., Limnodynastes convexiusculus and Cyclorana australis (Woinarski and Gambold, 

1992 in Finlayson et al., 2006). 

Introduced species found within Kakadu include the water buffalo (Bubalis bubalis), 

cattle (Bos taurus), horse (Equus caballus), donkey (Equus asinus), pig (Sus scrofa), 

cat (Felis catus), black rat (Rattus rattus) and house mouse (Mus domesticus)(Press et 

al., 1995). The cane toad (Bufo marinus) recently invaded Kakadu, causing a rapid 

decline in the abundance of some reptiles, frog-eating birds and the Northern quoll 

(Northern Territory Government, 2009a).  Weeds such as Mimosa pigra, Salivinia 

molesta and Urochloa mutica are displacing freshwater plant species and remain a 

major threat to biodiversity of the floodplains (Walden & Gardener, 2008).   

Internationally threatened species found in wetland habitats of the Kakadu region 

include the false water rat (Xeromys myoides), pig-nosed turtle (Carettochelys 

insculpta), red goshawk (Erythrotriorchis radiatus), gouldian finch (Chloebia gouldiae) 

and hooded parrot (Psephotus dissimilis) (Hyder Consulting, 2007). In the Northern 

Territory, the gouldian finch and yellow chat (Epthianura crocea tunneyi) are listed as 

Endangered.  The yellow-spotted monitor (Varanus panoptes) and merten’s water 
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monitor (Varanus mertensi) are listed as Vulnerable, largely due to the invasion of cane 

toads (Northern Territory Government, 2009b). 

Beyond the sandy coastal plain, estuaries and riverbanks of the region are dominated 

by mangroves on top of blue-grey organic-rich muds (Heerdegen and Hill, 1999; 

Woodroffe et al., 1985).  These provide important habitat and breeding areas for birds 

and marine organisms such as fish and invertebrates (Douglas et al., 2008; Bayliss et 

al., 1997).  Some 38 species of mangrove are known to occur in the region.  

Mangroves provide important nursery areas and habitat for a range of species, 

including catfish, threadfin salmon (Polyneides sheradani), barramundi (Lates 

calcarifer), mud crab (Scylla serrata) and prawns (Bayliss et al., 1997).  Saltwater 

crocodiles occupy estuarine areas in increasing numbers since hunting was banned in 

the 1971 (Finlayson et al., 2006).  

Behind the mangroves lie salt mudflats with scarce samphire vegetation, partly 

inundated by spring tides.  Sedges grow in the brackish swamps of the coastal plain. 

The mangroves and salt mudflats are backed up by a discontinuous chenier ridge of 

sand and debris deposited by high tides and storms with sporadic tree cover of Bombax 

ceiba (Woodroffe et al., 1985).  Mangroves and salt mudflats also occur near tidal 

channels and in low-lying areas of the lower floodplain.  Dieback of Melaleuca spp. 

occurs where salt water intrudes into upper floodplain areas (Woodroffe et al., 1985).   

In the mid-reaches saltwater and freshwater mix, allowing animals such as barramundi 

to move from fresh to saline habitats during important stages of their life-cycle.  In the 

freshwater reaches upstream, freshwater fish species breed in the wet season when 

the rivers overflow to create seasonally-inundated floodplains and billabongs. Early wet 

season rains can cause fish kills as deoxygenated stagnant water is mixed with 

oxygenated water.   

Plant communities of the freshwater wetlands are extremely productive in the wet 

season.  They contain a highly dynamic and diverse range of about 346 species, due to 

the extreme change in conditions from dry to wet season and patchiness caused by 

varying fire regimes (Finlayson, 1996).  Plant communities shift during the changing 

seasons due to different species’ thresholds for period of inundation, flow regime, 

salinity and topography (Bayliss et al., 1997; Eliot et al., 1999; Finlayson et al., 2006).   
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Duration and depth of inundation greatly influence species composition of the 

freshwater wetlands (Finalyson, 1989 in Finlayson et al., 2006). 

Finlayson et al. (2006) identified ten major vegetation classes and their dominant 

species of the freshwater wetlands of Magela Creek, in Kakadu National Park.  These 

include : 

• Melaleuca open woodland and forests (dominated by M. viridiflora, M. cajaputi 

and M. leucandendra with 10-50% tree canopy) 

• Melaleuca open woodland (dominated by M. leucandendra with less than 10% 

tree canopy) 

• Oryza grassland (dominated by Oryza meridionalis (wild rice)):  

• Hymenachne grassland (dominated by Hymenachne acutigluma (native 

hymenachne),  

• Pseudoraphis grassland (dominated by Psudoraphis spinescens) 

• Hymenachne-Eleocharis grass-sedgeland (swamp areas dominated by 

Hymenachne acutigluma and Eleocharis spp. which dry up in the dry season) 

• Mixed grass-sedge-herbland (a mixture of wild rice, grasses, Eleocharis spp. or 

water lilies varying depending on the topography) 

• Eleocharis sedgeland (dominated by Eleocharis spp. in wet season and annual 

herbs in dry season) 

• Open water community (billabongs dominated by floating mats of Leesia 

heandra, Hymenachne acutigluma with water lilies and Ludwigia adscendens) 

• Nelumbo and Nymphoides herbland (dominated by water lilies Nymphaea spp. 

Nymphoides indica and Nelumbo nucifera (lotus lily). 

Patches of coastal monsoon forest dominated by Acacia auriculiformis occur 

throughout the coastal plains and floodplains, providing important fire refugia and a 
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source of fruit for a wide variety of birds and mammals.  Riparian vegetation dominated 

by trees occurs along waterways running through the floodplains (Bayliss et al., 1997). 

2.5  Saltwater intrusion 

Accelerated saltwater intrusion is known to have occurred in the tidal estuaries of the 

Alligator Rivers over the past fifty years (Winn et al., 2006).  This led to several studies 

about the potential impact of saltwater intrusion (Eliot et al., 1999; Heerdegen & Hill, 

1999; Winn et al., 2006; Cobb et al., 2000), including a major Vulnerability Assessment 

of the region to a sea-level rise caused by climate change (Bayliss et al., 1997).  

Results of these studies showed saltwater intrusion has caused the loss of vegetation 

and faunal communities associated with freshwater wetlands, most notably paperbark 

(Melaleuca spp.) stands and magpie geese (Anseranas semipalmata), as well as the 

destruction of crocodile-breeding areas (Bayliss et al., 1997; Winn et al., 2006).  On the 

Magela Creek, 38% of the forest cover suffered significant loss from 1950-76, which 

could be attributed to saltwater intrusion (Cobb et al., 2000). 

The expansion of tidal networks into freshwater areas occurs at an exponential rate 

(Cobb et al., 2000). Studies of the Mary River and Alligator Rivers wetlands show that 

saltwater will flow into paleochannels, causing more rapid saltwater intrusion 

(Australian Greenhouse Office, 2004; Cobb et al., 2000). The sensitivity of the region to 

saltwater intrusion can be attributed in part to dynamic hydrological, geomorphological 

and ecological processes.  Large tides, pronounced seasonality and large rainfall 

events produce highly dynamic estuaries and rivers which flood during the wet season, 

re-shaping river channels (Winn et al., 2006). The low elevation of the region makes it 

highly susceptible to tidal influence. The spring tidal range of 5-6 metres in the Van 

Diemen Gulf translates into a tidal influence extending about 100km inland on the 

South Alligator River (Heerdegen & Hill, 1999; Woodroffe et al., 1985).  Formation of 

tidal channels begins with a very high tide, causing saltwater to flood into the 

floodplains. Considerable expansion of mangrove habitat has occurred along tidal 

channels in the Alligator River region over the past fifty years (Cobb et al., 2000).  One 

report predicts a sea level rise of 0.5-1 metre will return the region to a large mangrove 

swamp, as it was 6000 years ago (Clark & Guppy, 1988 in Hall and Saynor, 2000). 
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Shoreline retreat caused by coastal processes is currently occurring in the Alligator 

River Region and nearby Mary River catchment, further exacerbating saltwater 

intrusion through erosion of levee banks and cheniers (Bayliss et al., 1997).  It is 

estimated the shoreline of the Mary River region west of Tommycut Creek has 

retreated up to 400m over the past 50 years (Woodroffe & Mulrennan, 1993 in Saynor, 

2000). This may make these areas of the coastline more vulnerable to the effects of 

storm surge.  There is evidence that shoreline retreat is affecting the coastal fringe of 

mangroves by causing the mangroves to colonise landward as those on the coastal 

side are destroyed (Cobb et al., 2000).  

Tropical cyclones during the wet season may also contribute to the breakdown of 

natural barriers and inland movement of saltwater, however there is insufficient 

evidence to ascertain the relative importance of specific drivers of saltwater intrusion 

(Winn et al., 2006).  The introduction of buffalo (Bubalus bubalis) contributed to the 

breakdown of natural barriers in the coastal zone through the creation of swim 

channels.  However, there is conjecture about the degree to which this contributed to 

an accelerated rate of saltwater intrusion (Winn et al., 2006).   

The Mary River Catchment has experienced 240km2 of saltwater intrusion since 1940s.  

A detailed cost-benefit analysis found that with no action, all of the region’s 112600ha 

of freshwater wetlands would be totally inundated by 2050, but that maintaining the 

existing 60 barrages at tidal channels would preserve current wetlands (Australian 

Greenhouse Office, 2004).  A local pastoralist has argued that these barrages have 

been less than effective and that it would be more productive to sacrifice the wetlands 

to saltwater intrusion and develop the area as a tourist attraction to showcase the 

effects of sea level rise to the world (Baldwin, 2003).  However, the costs of maintaining 

barrages in the Mary River wetlands were found to be far outweighed by the benefits of 

preserving the current areas of freshwater wetlands for tourism, recreational fishing and 

cattle grazing (Australian Greenhouse Office, 2004).  The study also found there were 

good prospects for freshwater wetlands to recover and that building a large weir across 

the main tidal channels to slow tidal flow would retrieve some wetland areas already 

lost.  This would be very costly and have other impacts such as preventing fish 

migration.  However, this could be partially overcome by building fish ladders 

(Australian Greenhouse Office, 2004).  
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Chapter 3:   

Use and ecology of key wetland species in Kakadu National 

Park 

3.1  User groups of Kakadu wetlands 

 

3.1.1  Tourism 

Kakadu is an icon for the Northern Territory both in Australia and overseas (Kakadu 

National Park Board of Management, 2008).  Tourism provides the largest number of 

jobs in the region, followed by conservation and recreation (Bayliss et al., 1997).  In 

2004/05, Kakadu attracted 165,300 visitors, directly contributing about $58.1million to 

the Northern Territory economy (Tremblay, 2005; Director of National Parks, 2007).  

There is some conjecture about the economic value of the Kakadu tourism industry 

(Boustead & Tremblay, unpublished data, 2009).  Nayinggul and Wellings (1999) 

estimate that at its peak in the mid-1990s, Kakadu supported a tourism industry of 

about 185 tour companies and attracted about 230,000 visitors each year.    The 

Kakadu wetlands are an iconic part of Australia’s reputation as an international tourism 

destination and a cornerstone of Northern Territory’s tourist marketing strategy (Kakadu 

National Park Board of Management, 2008). The Kakadu National Park Draft Tourism 

Masterplan emphasises the World Heritage status, spirituality and beauty of Kakadu’s 

wetlands: 

“Kakadu is a 50,000 year old living cultural landscape that interacts with nature and the 

seasons.  The awesome, ancient Arnhem Land escarpment frames this World Heritage 

listed wetland.  It is a place with deep spiritual richness and history that inspires the 

sense, commands deep respect and provides self-discovery, enlightenment, adventure 

and relaxation” (Kakadu Board of Management, 2008). 

The 2001/02 Park Visitor Survey found that the two major motivating reasons for 

visiting Kakadu were to see scenery and wildlife, followed by Aboriginal culture, people 

and rock art, a World Heritage Area, ecology, waterfalls and walking (Director of 

National Parks, 2001). This demonstrates the importance of maintaining natural values 

to satisfy tourist’s expectations.  Tourism NT views “climate change impacts on the 

natural environment and traveller behaviour” as a key threat to tourism in the Northern 

Territory (Tourism NT, 2008). 
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Tremblay (2006:53) found that over 42% of all visitors to the Top End included or 

intended to include Kakadu in their trip, with some variations between Overseas visitors 

(with 62% including Kakadu) and Domestic-Interstate tourists (with 37% including 

Kakadu). Tremblay (2006, 2007) also found in a review of historical data from the 

Northern Territory Travel Monitor (1995-2004) that the four major motives for visiting 

Kakadu are:  

• ‘seeing wildlife’; 

• ‘the scenery’; 

• ‘Aboriginal art/culture’ and  

• ‘the natural environment’. 

Many visitors viewed these aspects to be interconnected.  This suggests that Kakadu 

as a tourist destination is not enjoyed or appreciated as a set of separable attributes or 

as discrete components, but as a place where these dimensions overlap.  The study 

revealed that 47% of visitors to Kakadu had expected to see wetlands during their visit, 

demonstrating the importance of the wetland landscape to tourism (Tremblay, 2006).  

The tourist resort of Cooinda, next to Yellow Waters Billabong, was recorded as the 

most visited site.  The survey found 65% of people had already heard of Yellow Waters 

before they came to Kakadu (Tremblay, 2006).  The major tourist activities at Yellow 

Waters Billabong include wildlife cruises, fishing and birdwatching.  According to 

another survey by Parks Australia, about 63% of visitors to Kakadu take the Yellow 

Waters boat cruise (Director of National Parks, 2001). 

There are two access roads into Kakadu National Park; the Arnhem Highway in the 

North and the Kakadu Highway in the South (Figure 5).  About 75% of visitors enter the 

Park from the Northern entrance (Kakadu Board of Management, 2008).  Providing 

billabong experiences for visitors along the Arnhem Highway is a key focus of the Draft 

Tourism Master Plan (Kakadu Board of Management, 2008).  Other than Yellow Waters 

Billabong, popular destinations within the park include the rock art sites of Ubirr and 

Nourlangie.  Ubirr rock art site has a popular walk up to the top of the escarpment, 

where walkers are rewarded with a view of the East Alligator River floodplains.   Ubirr is 

cut-off for 4-6 months a year when wet season rains flood the Magela Creek.  

Nourlangie and Yellow Waters are accessible throughout the year via sealed road. 
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During the dry season, the waterfall sites at Jim Jim and Twin Falls on the escarpment 

are very popular with 4WD tourists and commercial tours, however access to these 

areas is limited by variable road conditions and wet season floods (Figure 5).  Scenic 

flights also take in spectacular contrast between the escarpment and floodplains.   

Other activities undertaken on wetland sites such as the East Alligator River, Sandy 

Billabong, South Alligator and Mamukala include fishing, wildlife cruises, bushwalking, 

birdwatching and cultural activities (Figure 5).  A few fishing tours operate within the 

park, as well as several wetland cruises.  About 40-60% of visitors to Kakadu are with 

commercial tour operators (Director of National Parks, 2007), with most visitors 

travelling from overseas.  A handful of operators also take small group tours 

incorporating Kakadu as well as the East Alligator River floodplains of Arnhem Land, in 

conjunction with traditional owners.   

The rich culture of Kakadu National Park is a major drawcard for many tourists, who 

come to learn from Aboriginal people, visit rock art sites and experience traditional 

culture. The cultural and spiritual values of Kakadu are a strong component of 

marketing the region within Australia and overseas.  The interconnectedness of land 

and culture in Kakadu mean that any environmental degradation is likely to impact upon 

Indigenous livelihoods, and possibly on Indigenous tourism, in ways difficult to predict. 

Kakadu National Park’s Shared Vision for Tourism recognises traditional owners of 

Kakadu have control over the scale of tourism within the Park, identifying a potential 

conflict between the desires of industry groups and government bodies to maximise 

tourism opportunities with the desires of traditional owners to maintain their traditional 

practices and control over land management (Morse et al., 2005).  The Kakadu 

National Park Management Plan requires that traditional owners are properly included 

in decision-making process regarding any development proposal (Kakadu Board of 

Management, 2008). 

“Tourism should not be boss of country.  Aboriginal people will determine how and 

when they will be involved in tourism… The pace and level of tourism development in 

Kakadu will be determined by the traditional owners” (Kakadu Board of Management, 

2008). 
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In part, this conflict is currently avoided by spatial separation between wetland areas 

available to traditional owners for hunting, gathering and cultural activities away from 

tourists and recreational fishers (Figure 5).  Recreational fishing occurs mainly on the 

South Alligator and East Alligator river systems where major boat ramps are located, 

yet the Amateur Fishermen’s Association is working to expand areas available to 

recreational fishers (Boustead & Tremblay, unpublished data, 2009).  Wetland areas 

such as Yellow Waters Billabong have been made available for tourists to observe the 

scenery and wildlife, as well as learn about its cultural significance through interpretive 

signs, information centres and tour guide presentations.  Improving natural and cultural 

interpretation at Yellow Waters and the Warradjan Cultural Centre is a key focus of the 

Draft Tourism Master Plan (Kakadu Board of Management, 2008). 
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Figure 5: Map of tourist destinations in Kakadu National Park (Source: Kakadu 

National Park Board of Management, 2008) 
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3.1.2  Recreation 

Kakadu National Park remains a popular destination for recreational fishing, particularly 

targeting barramundi (Lates calcarifer), threadfin salmon (Polyneides sheridani), 

mangrove jack (Lutjanus argentimaculatus) and mud crabs (Scylla serrata).  

Recreational fishing does not generate a great deal of economic benefit for the Kakadu 

region as most expenditure occurs in Darwin before departure, but it is an important 

part of Northern Territory culture.  About 31% of the Northern Territory population over 

five years old fished at least once in 1999/2000.  Recreational fishers spent about 

$27million on fishing-related equipment and activities in the same year (Bureau of Rural 

Science, 2007).  Barramundi is an iconic species and the most popular target species 

for recreational fishers in the Northern Territory, accounting for 38% of effort by 

residents and 48% of effort by visitors (Coleman, 1998 in Kelly and Griffin, 2001).  

Kakadu National Park attracts 20% of recreational barramundi fishing in the Northern 

Territory.  Commercial fishing is banned at Kakadu (Kelly and Griffin, 2001). A license 

is not required but only fishing using a single handline is allowed.  A lure or live bait is 

commonly used to target barramundi (Director of National Parks, 2007).  Fishing and 

boating is not allowed in the West Alligator catchment, Barramundie Creek or east of 

the Kakadu Highway for environmental reasons (Kakadu Board of Management, 2008).  

The Amateur Fishermen’s Association of NT aims to maximise areas available to 

recreational fishers (Boustead & Tremblay, unpublished data, 2009). 

Bushwalking, four wheel-driving, bike-riding, swimming and birdwatching are also 

popular activities for local visitors (Kakadu Board of Management, 2008).  Some 

swimming areas may be inhabited by saltwater crocodiles, a risk managed by Kakadu 

National Park by monitoring popular areas and setting up crocodile traps.  Visitors are 

reminded through signs and brochures that they enter the water at their own risk and 

swimming is actively discouraged by the Park.  Despite this, swimming remains a 

popular activity for visitors to the Park.   

A study of the Mary River wetlands found the value of recreational fishing, hunting and 

sightseeing is estimated at $100, $90 and $20 respectively in travel cost surplus 

estimate per visitor.  Non-users of wetlands in southern Australia were willing to pay at 

least $1.15/ 100ha for conservation of healthy freshwater wetland (Bennett and 

Whitten, 2002 in Australian Greenhouse Office, 2004).   
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3.1.3  Traditional owners 

Freshwater wetlands provide the majority of staple foods collected by Bininj.  Lucas and 

Russell-Smith (1993) found that 8 plant and 13 animal species associated with 

floodplain/riverine environments are food staples.  Staple food items not only have 

importance as a source of healthy food, but play a complex cultural role.  Some plants 

also act as indicators for changes in season and life-cycles, providing a calendar on the 

best times to hunt and gather particular species (Figure 4, Bayliss et al., 1997; 

Lawrence, 2000, Brockwell et al., 1995). 

 

Fishing and hunting is still practiced by traditional owners throughout the Park and bush 

tucker remains an important source of food, however the introduction of new 

technologies such as fishing rods, vehicles and guns mean the methods may have 

changed.  Fish such as salmon catfish (Arias leptaspis), barramundi (Lates calcarifer), 

black bream (Hephaestus fulginosus) and saratoga (Scleropages jardini) were 

traditionally caught using fish nets or fish poisons such as Cassia spp. or Strychnine 

tree (Strychnos lucida).   

 

Reptiles found in floodplain areas commonly targeted for their meat, and sometimes 

also eggs, include saltwater crocodile (Crocodylus porosus), freshwater crocodile 

(Crocodylus johnstoni), mangrove monitor (Varanus indicus), arafuran file snake 

(Acrochordus arafurae), water python (Liasis fuscus) and three species of turtle 

(Carettochelys insculpta, Chelodina rugosa, Elseya dentate) (Lucas and Russell-Smith, 

1993 in Brockwell et al., 1995; Lawson, 1999). 

 

Water lilies (Nymphaea spp., Nelumbo nucifera), water chestnuts (Eleocharis spp.) and 

yams (Dioscorea spp.) are easily found in billabongs and floodplains and provide a 

good source of carbohydrate.   Other wetland plants can be used for materials. The 

bark of Melaleuca spp. found on the edges of wetlands was traditionally used to make 

bark canoes, a roof material for shelters and containers for food and water (Lucas and 

Russell-Smith, 1993 in Brockwell et al., 1995).  The fibres of Pandanus aquaticus found 

at the waters’ edge are still to this day used for string, weaving and paint brushes.  The 

string is then used to make fish nets and dilly bags, which are now popular with art 

galleries and tourists.  Some water lilies were also used for dye. 
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The wetlands have been managed for many generations through traditional burning in 

the early dry season and are still an important source of bush tucker today (Yibarbuk, 

1999).  Burning promotes good habitat for magpie geese and turtles, as well as 

improving access to wetland areas for hunting and gathering.  Regular burning is an 

important part of maintaining contact with country (Lawson, 1999). 

  

Rock art sites within the Park record changes in the diet and lifestyle of Bininj ancestors 

over time in response to changes in the environment.  Images of freshwater animals 

such as magpie geese appear 1500 to 4000 years ago, coinciding with geological 

evidence suggesting freshwater wetlands formed at this time (Brockwell et al., 1995; 

Lawrence, 2000).  There is also evidence to suggest a sudden increase in the human 

population about 1000 years ago, due to the exploitation of abundant food sources 

provided by the freshwater wetlands (Brockwell et al., 1995).  Chaloupka (1985, in 

Brockwell et al., 1995) classifies rock art periods into Pre-Estuarine (over 8000 ya), 

Estuarine (8000-1500 ya) and Freshwater (less than 1500ya) periods.  This coincides 

with the dates of geologic periods suggested by Woodford et al. (1985) (Chapter 2).  

The rise of sea level and wetter climate at the end of the Pre-Estuarine period 8000 

years ago was associated with the appearance of Rainbow Serpent in rock art, a 

Dreamtime figure commonly associated with floods and stories about a sea serpent 

which eats people.  During the Estuarine period, images of fish first appeared, including 

X-ray style paintings of barramundi, mullet, catfish and crocodiles.  The Freshwater 

period saw the first images of freshwater species such as jabirus, water lilies and 

magpie geese, mostly painted X-ray style.  People were shown collecting magpie 

goose eggs and carrying goose feather fans (Brockwell et al., 1995; Lawrence, 2000). 

 

The rock art shows Aboriginal people of Kakadu have adapted to a large degree of 

environmental change over the past 8000 years associated with changing climatic 

conditions.  Changes in lifestyle as they adapted to different climates are recorded not 

only in rock art, but also in stories handed down through the generations (Yibarbuk, 

2008).  This includes changes in food source, hunting techniques, fire management, 

creation stories and social groupings. Although it is now occurring at a faster rate, Bininj 

see climate change as something that is not new. 
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“For our people, there is nothing new in climate change – we have known all along, 

through the stories from the old people…. The changes we are looking at today are not 

natural change – they are caused by people, not nature.” (Yibarbuk, 2008) 

 

Sacred sites occur throughout Kakadu National Park.  Sacred sites include areas of the 

landscape associated with important Creation ancestors, often referred to as djang.  

Disturbing or visiting these areas inappropriately is perceived by Bininj to be very 

dangerous and is often associated with sickness and environmental disasters 

(Brockwell et al., 1995).  For this reason, management of sacred sites is very important. 

 

Use of the wetlands by Indigenous people in Kakadu National Park has changed 

dramatically over the past 150 years as they have adapted to landscape changes, new 

technologies and lifestyle changes brought on by European settlement (Lindner, 1999; 

Bayliss et al., 1997).  The introduction of buffalo reduced the amount of grass biomass 

available, reducing the need for traditional burning until the buffalo eradication program 

of the 1980s saw grasses start to take over floodplains once more.  Traditional hunting 

methods have been largely replaced by shot-guns.  People now usually live in small 

towns and travel out to hunting areas in vehicles, a dramatic change from the typical 

traditional nomadic lifestyle evidenced by occupation sites near billabongs and 

paleochannel levees (Lindner, 1999; Woinarski et al., 2007).   

  

3.2  Key wetland species: values and ecology 

Each of the three key species has been chosen on the basis of its reliance upon 

freshwater wetland habitat, conservation value and high socio-economic value to 

traditional owners or tourism.   

Tremblay (2008) found that there are four major iconic wildlife species which visitors 

expect to see during their visit to the Top End region, largely because the way the 

region has been marketed to potential tourists.  These include (in order of popularity) 

the saltwater crocodile (Crocodylus porosus), general freshwater wetland bird species, 

water buffalo (Bubalis bubalus), and barramundi (Lates calcarifer). 
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Braithwaite et al. (1996) found in their surveys of visitors to Yellow Waters Billabong 

that many visitors are not specific about the birds they wish to see, but do expect to see 

both diverse and abundant bird species.  Given that magpie geese are the most 

abundant bird species and do not occur in many other parts of the world, they could be 

seen to be a critical attractor.  Magpie geese are also an important food source for 

Bininj (Yibarbuk, 1998).  Goose hunting is a valuable part of both Bininj and non-

Indigenous culture.  It promotes better health and land management by increasing 

opportunities for contact with country (Delaney et al., 2008).  

Wild rice (Oryza spp.) is a major part of the diet of the magpie goose during the wet 

season, particularly for young goslings which must grow quickly to cope with moving 

from wetland to wetland during the dry season.  Wild rice forms a major part of the 

wetland landscape which supports the large abundance and diversity of wildlife that 

attracts many visitors to the region (Tremblay, 2006).  

Saltwater crocodile is a totemic species for Bininj.  Eggs are collected for food and 

crocodiles are occasionally hunted (Lindner, 1999). The crocodile is also an iconic 

species for tourists, often represented in films, television, books and tourism 

campaigns.  Its reputation helps promote a highly successful market for crocodile skin 

sourced from crocodile farms. 

The values and ecology of each of these iconic species is explored in detail below. 

3.2.1  Wild rice (Oryza meridionalis) 

Distribution and habitat 

Oryza meridionalis is an abundant annual species of wild rice found on the floodplains 

of northern Australia and south-east Asia.  O. meridionalis is very similar to O. 

rufipogon and only recently been deemed a separate species (Cowie et al., 2000).  

O.australiensis also occurs in the Northern Territory, as well as isolated patches of O. 

sativa, remnant from failed attempts to cultivate rice in Australia (Cowie et al., 2000).  

Oryza communities of the floodplains of Kakadu National Park are often associated 

with Eleocharis spp., Hymenachne acutigluma or Pseudoraphis spinescens (Finlayson 

et al., 2006). 
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Use and values 

Indigenous people were gathering wild rice seeds for food up until the 1970’s and 

evidence of grinding stones indicate it was possibly used to make flour for thousands of 

years prior (Fujiwara, 1985).  It also serves as an important potential source of genetic 

diversity for cultivated rice (Wurm, 1998). Wild rice has a very important role in the food 

chain.  O. meridionalis is one of two Oryza species sought after by magpie geese 

during the wet season (Frith and Davies, 1961; Bayliss and Yeomans, 1990).  Seeds 

are also consumed by rodents such as the dusky plains rat (Rattus colletti) (Wurm, 

1998).  At Fogg Dam, 50km south of Darwin, abundant wild rice supports a large 

population of dusky plains rats which are in turn preyed upon by a large population of 

water pythons (Liasis fuscus) (Madsen et al., 2006).   

O. meridionalis primarily inhabits the alluvial floodplains of Kakadu, growing in black 

clay soils which shrink and crack in the dry season.  Its seeds germinate in the early 

wet season when the first rains seal the soil (Wurm, 1998), potentially making it 

sensitive to variations in the onset of the wet season.  The seedlings continue to grow 

throughout the wet season as the floodplains are inundated, growing above the water 

level to avoid drowning.  At the end of the wet season, as the waters recede, O. 

meridionalis flowers and produces seed.  After dropping its seed in the first few weeks 

of the dry season, the plant dies.  Its seeds remain dormant in the soil over the dry 

season until the rains arrive and the cycle starts again (Wurm, 1998). 

Vulnerabilities 

Wild rice seedlings are vulnerable to variation in the amount and timing of rain.  Rainfall 

during the early wet season can be sporadic.  A heavy rain event may drown seedlings, 

or a long period of drought between rain events may desiccate some seedlings.    

However, O. meridionalis is able to adapt to an extent so that seedlings subjected to 

short periods of inundation or drought are usually able to survive and seedlings do not 

germinate with the very first rains (Wurm, 1998).  

Timing of the wet season affects seed production of wild rice.  If the growth period has 

been extended by an early onset of the wet season, individual plants may produce 

more seed.  Conversely, a shorter growth period due to a late start to the wet season 

may mean less seeds are produced per plant.  Persistent inundation at the end of the 
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wet season may also extend the flowering period, increasing seed production and 

provide protection from predators such as dusky rats (Wurm, 1998).  

Exotic weeds such as salvinia (Salvinia molesta), mimosa (Mimosa pigra) and para 

grass (Urochloa mutica) threaten Oryza habitat by taking over wetland areas (Wurm, 

2007).  Para grass in particular is known to displace Oryza spp. and alter the fire 

regime of the floodplain (Walden & Gardener, 2008). 

3.2.2  Magpie goose (Anseranas semipalmata)  

Bininj (Gundjeihmi) name: Bamurru 

 

Distribution and habitat 

Magpie geese are distributed in large numbers across the wetlands of northern 

Australia and parts of Papua New Guinea. Over 1 million birds congregate in wetlands 

of the Alligator River region during the late dry season, representing 60-70% of the total 

Northern Territory population (Bayliss et al., 1997). Their range once extended to 

include parts of south-eastern Australia, however they are now locally extinct in those 

areas (Bayliss & Yeomans, 1990; Woinarski et al., 2007).   

 

Magpie geese nest on emergent or floating mats of vegetation on the floodplains when 

they are inundated but not so flooded that the nests drown (Whitehead & Saalfeld, 

2000).  Favoured nesting sites include dense stands of Eleocharis spp., Oryza 

meridionalis or Oryza rufipogon growing in water 330-900mm deep.  Hymenachne 

acutigluma or Fimbristylis spp. may also be suitable (Whitehead & Tschirner, 1990; 

Skeat et al., 1996).   

 

Use and values 

Magpie geese are protected under the Territory Parks and Wildlife Act 2000 yet remain 

a popular target species for both Bininj and recreational hunters.  Hunting of magpie 

geese is legal with a permit during the Recreational Waterfowl Hunting Season.  

Aboriginal people may hunt wildlife for traditional purposes at any time without a permit 

under Section 122 of the Act (Delaney et al., 2008). 
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Magpie geese are a totemic species often depicted in Indigenous rock art (Brockwell et 

al., 1995).  Hunting is particularly popular during the dry season when they are feeding 

on the Eleocharis bulbs. Hunting of magpie geese is an important cultural and social 

activity for both recreational hunters and Indigenous people.  Hunting also provides 

Indigenous people with opportunities to get out to country for activities such as weed 

and fire management.  This also benefits people indirectly by promoting good health 

and well being (Delaney et al., 2008).  Magpie geese are a nutritious source of food 

and form an important part of the diet of Indigenous people.  A cost-benefit analysis of 

the Mary River wetlands estimated the value of wild harvested magpie goose to be 

$20/bird, from market prices and results of a ‘willingness to pay’ survey (Australian 

Greenhouse Office, 2004).  Magpie geese are also an important tourist icon, forming a 

major part of the abundant birdlife visitors come to see at wetlands like Yellow Waters 

Billabong during the dry season (Braithwaite et al., 1996).   

 

Magpie geese were traditionally hunted with long poles from tree platforms on the edge 

of billabongs.  Large groups of men and boys would gather for the hunt and ambush 

the geese (Yibarbuk, 1998).  Shot-guns have now replaced traditional hunting methods 

and are impacting on geese populations by increasing the harvest rate and causing 

poisoning in some birds which ingest the lead shot left on the ground (Whitehead and 

Tschirner, 1991; Delaney et al., 2008).  During breeding season in the early dry 

season, magpie goose eggs are collected and eaten by traditional owners (Yibarbuk, 

1999).  Hunting occurs mainly during the mid-late dry season when the billabongs and 

swamps start to dry out (Wurreng). Bininj avoid hunting Magpie Geese at other times of 

the year when they are breeding (Yibarbuk, 1999).   

Life history 

Magpie geese are related to true geese (Anatidae) but are classified in a family of their 

own (Anseranatinae).  Their partially-webbed feet allows them to roost in trees and also 

gives them their species name, semipalmata.  Nest building using favoured vegetation 

begins about 2 months prior to the eggs are laid, initiated by male geese (Davies, 

1962). Each goose produces an average of 7.3 eggs during breeding season in the 

early dry season (Skeat et al., 1996).  Magpie goose eggs hatch after 24-25 days and 

goslings immediately leave the nest for feeding areas under the care of their parents 
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(Skeat et al., 1996).  Goslings grow quickly in response to the rapidly drying wetlands, 

relying upon the abundant amounts of wild rice (Oryza spp.) for food.  This is a crucial 

part of its lifecycle as the young gosling must travel large distances (up to 15km each 

day) in search of food (Whitehead, 1998; Woinarski et al., 2007).  Males grow to be 

significantly (34%) larger than females (Whitehead & Tschirner, 1992). 

As the wetlands dry out, magpie geese feed upon the bulbs of Eleocharis spp. until the 

ground becomes too hard to dig (Whitehead & Saalfeld, 2000).  Different areas of 

wetland dry at different times depending upon their level of inundation.  The geese 

move rapidly from swamp to swamp following the best feeding sites until they too dry 

up (Frith & Davies, 1961; Bayliss & Yeomans, 1990). This means they require a large 

network of wetlands to ensure any one site is suitable for feeding at one time 

(Whitehead, 1998; Woinarski et al., 2007).  At the end of the dry season, only a few 

permanently inundated swamps and billabongs remain, restricting available feeding 

sites.  Body condition of magpie geese declines until the wet season rains arrive once 

more, stimulating growth of perennial grasses and germination of annual grasses 

(Whitehead & Saalfeld, 2000). 

 

Vulnerabilities 

Late season storms can destroy nests by drowning (Bayliss et al., 1997). Whitehead & 

Tschirner (1990) found in their study of flooding losses of nesting magpie geese on the 

Mary River that nests varied in their ability to survive an extreme flood, with some 

drowning at a 24cm rise in flood level and others surviving up to a 137cm rise, 

depending on the supporting vegetation.  

 

Breeding colonies and sizes may change in response to variable rainfall from year to 

year and region to region (Whitehead & Saalfeld, 2000; Woinarski et al., 2007).  Bayliss 

and Yeomans (1990) found from aerial surveys that total goose numbers were 

relatively stable between both years (1983-1986) and seasons, but that distribution 

varied significantly from season to season. Magpie goose population density has been 

found to be positively correlated with level of rainfall, typified by an expansion during 

the wet season when populations are dispersed across flooded wetlands, and a 

contraction in the dry season when populations are concentrated at places with 
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permanent water. (Bayliss,1989; Bayliss & Yeomans, 1990).  This means they require a 

large area of floodplains from which to choose an appropriate nesting site (Whitehead, 

1998; Woinarksi et al., 2007).  However, magpie geese also display fidelity to their 

nesting sites, with 80% of birds returning to within 15km of the original site 20 years 

later (Frith, 1977 in Bayliss, 1989).   

 

Bayliss and Yeomans (1990) found that magpie goose population densities were 

highest in the late dry season at places with both shallow fresh water (ideal roosting 

habitat) and short green grass where geese can access Eleocharis spp. bulbs (ideal 

feeding habitat).  In the wet season, densities were highest where there was an 

abundance of food and nest plants, including Oryza spp., Hymenachne spp., 

Ischaemum spp., Fimbristylis spp. and Eleocharis spp.  The study also revealed a 

dramatic decline in the population from 1958-1973, followed by recovery to original 

numbers by 1980. Fecundity and dry season survival of magpie geese are highly 

dependent on rainfall.  However, magpie geese are highly adaptable to changes in their 

nesting habitat (Bayliss & Yeomans, 1990).   

 

Whitehead & Saalfeld (2000) found marked variations in nest density (1988-93) on the 

Mary River floodplain were strongly correlated with timing of the onset of the wet 

season, rather than the amount of total rainfall.  An early onset of the wet season 

initiated an earlier breeding season and was found to be associated with slightly larger 

clutch sizes.  A later breeding season was found to be associated with smaller clutch 

sizes and smaller eggs (Whitehead & Saalfeld, 2000). 

 

Over the past fifty years, the wetlands of northern Australia have been degraded by 

feral buffalo and pigs, movement of 4WD vehicles and the introduction of weeds such 

as Mimosa pigra, Salvinia molesta, Hymenachne amplexicaulis and para grass 

(Urochloa mutica).   This has reduced the amount of habitat available for waterbirds 

such as magpie goose (Yibarbuk, 1999).  Wilson (1997) found that para grass was 

taking over magpie goose habitat on the Queensland coast, near Rockhampton.  Local 

pastoralists were planting the exotic species to provide pasture and shooting magpie 

geese that were falsely believed to be inhibiting its establishment.  Although this 

practice is no longer encouraged, para grass remains a major threat to magpie geese 
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habitat in northern Australia and is already established within Kakadu National Park 

(Walden and Gardener, 2008). 

 

Water buffalo were introduced to northern Australia from South-East Asia by the early 

settlers of the 1800s, quickly spreading throughout the region.  A buffalo hunting 

industry thrived until the 1950s when demand for hides dropped, allowing the 

population to flourish.  Feral buffalo were in large numbers throughout Kakadu and the 

Top End region until a $705.8 million eradication program substantially reduced the 

population during the 1980s (Skeat et al., 1996).  Buffalo affect magpie goose habitat 

by trampling and grazing vegetation used for breeding and nesting, eroding and 

compacting soils, spreading noxious weeds and causing saltwater intrusion, infilling of 

billabongs and premature draining of freshwater basins by extending tidal channels 

(Skeat et al., 1996).   The decline in overall magpie goose population from 1950-72 was 

attributed to changes in dry season refugia.  Increased concentrations of buffalo 

trampled and compacted the soil, making it difficult for geese to dig up Eleocharis 

bulbs. (Frith & Davies, 1961 and Tulloch & McKean, 1983 in Skeat et al.,1996).   

 

A study of the impact of buffalo upon magpie geese nesting over nine years (1980-89), 

before and after the commencement of the buffalo eradication program, found that 

although buffalo did not seem to affect the number of nests, it did affect their 

distribution so that areas around the edges of floodplains where the ground had been 

compacted and denuded of vegetation were not used for nesting.   Rainfall was found 

to be the major factor determining the number of nests (Skeat et al., 1996).  However, 

Whitehead (1994) found that a decline in breeding effort (nests/bird) of magpie goose 

nests on the Mary River floodplain coincided with an increase in Hymenachne 

acutigluma cover following the recovery of floodplain areas from buffalo grazing as well 

as reduced abundance of wild rice (Whitehead, 1994).   

 

In 1995, a Traditional Owner noticed magpie geese had disappeared from an area near 

Point Farewell where saltwater intrusion had caused deaths of Melaleuca trees.  Aerial 

photography showed a major extension of tidal channels lined with mangroves had 

occurred over fifty years, facilitating saltwater intrusion (Rovis-Herrman et al., 2004; 

Lindner, 1999). This instigated construction of levee banks to prevent flow of saltwater 
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into freshwater.  Vegetation rapidly recovered once the banks were stabilised (Lindner, 

1999). 

 

3.3.3  Saltwater crocodile (Crocodylus porosus)  

Bininj name: Ginga  

 

Distribution and habitat 

The saltwater crocodile is a large predator occupying the estuaries, coastline, 

waterways, floodplains and swamps of northern Australia up to 235km inland. Saltwater 

crocodiles are distributed from Sri Lanka and the west coast of India, through South-

East Asia, Papua New Guinea and northern Australia (Messel and Vorlicek, 1989). 

Crocodiles feed on a broad range of prey, including crabs, fish, birds and mammals 

which come too close to the water’s edge.  Young crocodiles may eat shrimp, insects, 

fish or crabs (Taylor, 1979).  The saltwater crocodile is perfectly adapted to thrive in a 

wide range of coastal, estuarine and freshwater habitats, aiding its survival as a 

species for over 200 million years (Webb & Maniolis, 1989).  

Freshwater floodplains or swamps with tall sedges or rivers with grassy banks are 

habitats favoured by the saltwater crocodile.  Ideal nesting habitats include small 

monsoon forest patches or Melaleuca swamp dominated by sedges and fed by 

freshwater springs as well as floating rafts of vegetation in freshwater billabongs or 

swamps (Magnusson, 1980).  Coastal saline floodplains, mangroves and estuaries are 

favoured habitat for feeding as they are highly productive, providing for an abundant 

population of crocodiles (Fukuda et al., 2007).  Condition of crocodiles found in the 

lower floodplain and mangroves is generally significantly better than those of the 

freshwater swamps (Taylor, 1979). 

Use and values 

The saltwater crocodile is a totemic species commanding great respect from Bininj 

(Lindner, 1999) and is notorious across Australia for its ability to occasionally attack 

and kill humans which invade its territory (Letnic & Connors, 2006).  Saltwater 

crocodiles feature in both traditional rock art and contemporary paintings, often 

depicted in the typical ‘X-ray’ style and the subject of many important creation stories 

(Brockwell et al., 1995; Parks and Wildlife Service NT, 2005).  Saltwater crocodiles are 



A. Boustead 573914 MTEM Research Project:  A review of the potential impacts of climate change upon Kakadu 

wetlands 

47 

 

occasionally hunted and eaten by Bininj (Lindner, 1999).  More commonly, crocodile 

eggs are collected from nests and eaten (Bayliss et al., 1997).  

The saltwater crocodile, or ‘saltie’ is a regular feature on the front page of the local NT 

News, featuring sensational stories of close calls.  It is also the subject of recent horror 

movies such as ‘Rogue’ and ‘Black Water’ where the crocodile is depicted as a 

terrifying animal which relentlessly stalks humans.  However the crocodiles of northern 

Australia first achieved worldwide notoriety in the ‘Crocodile Dundee’ films which still 

shape visitor’s perceptions of Australia today (Boustead & Tremblay, unpublished data, 

2009).  Many visitors come to Kakadu expecting to see crocodiles (Ryan, 1998).  

Braithwaite et al. (1996) report that visitors to popular Yellow Waters Billabong have a 

high expectation of seeing a crocodile, largely because of the way the destination is 

marketed and are disappointed if they do not see one on the Yellow Waters Cruise (no 

crocodiles were sighted in approximately one out of three cruises during the study).   

Further to this, the satisfaction of visitors increases with the number of crocodiles they 

see. The chances of seeing a crocodile were found to be mainly dependent on the 

season (water depth), but also time of day (animal activity) (Braithwaite et al., 1996).  

The saltwater crocodile population of north Australia dramatically declined after the 

1950s when crocodiles were targeted by commercial hunters for their skins, leading to 

their protection in 1971 and listing under Appendix 1 of the Convention on International 

Trade in Endangered Species of Wild Fauna and Flora (CITES).  Following rapid 

recovery of the population, in 1985 the listing was downgraded to Appendix 2 to allow 

commercial use of the species through farming, export of crocodile skins and use of 

some wild-caught animals (Webb, 1984).  The population increased from 30-40,000 

individuals in 1984 to 70-75,000 individuals in 1994 (Fukuda et al., 2007).  Saltwater 

crocodile farms were set-up to cater for what remains a successful high-end 

commercial market for crocodile skin, employing about 40 people (Parks and Wildlife 

Service NT, 2005).  A cost-benefit analysis of the Mary River wetlands estimates the 

market value of crocodile skin to be $545/metre and eggs to be worth $12 each 

(Australian Greenhouse Office, 2004).  Since their protection, the growing saltwater 

crocodile population has made it necessary to remove a number of problem crocodiles 

from popular swimming areas.  In 2008, 237 saltwater crocodiles were removed from 

Darwin Harbour and taken to the Darwin Crocodile Farm (Sydney Morning Herald, 
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2008).  Crocodile traps are also set-up in popular areas of Kakadu National Park to 

remove problem crocodiles (Lindner, 1999).   Crocodiles remain protected under the 

Territory Parks and Wildlife Conservation Act and a permit is required to harvest 

crocodiles or their eggs.  Traditional harvest is allowed under Section 122 of the Act 

(Parks and Wildlife Service NT, 2005). 

Life History 

The saltwater crocodile breeds throughout the year, with most nesting occurring in the 

wet season.  The extent and timing of nesting is related to rainfall and water levels in 

the late dry season (Parks and Wildlife Service NT, 2005).  High rainfall and cool 

temperatures provide optimal nesting conditions.  Nests are constructed on mounds of 

vegetation and mud near permanent water next to freshwater swamps or rivers (Press 

et al., 1995; Harvey and Hill, 2003).  Nests on floodplains are usually constructed of 

Ischaemum spp..  Nest building usually takes a few days and nests are usually half a 

metre high and 1.6 metres across (Messel & Vorlicek, 1989).  Crocodiles are 

characterized by temperature-dependent sex determination during egg incubation, with 

a strong bias toward hatching females.  Records of Crocodylus porosus show that 

females are produced at both low and high temperatures, with males produced at 

intermediate temperatures (Lang and Andrews, 1994).  Males grow faster than females, 

reaching a maximum length of up to 5.2 metres, whereas females grow to up to 3.4 

metres (Parks and Wildlife Service NT, 2005). 

Vulnerabilities 

In their study of crocodile nests of Melacca Swamp, near Adelaide River, and the 

Finniss-Reynolds River region, Webb et al. (1983) found that flooding causes between 

36-40% of egg mortality.  Other causes of failure were incorrect incubation 

temperature, infertility, damage by adult crocodiles, or undetermined developmental 

problems.  About 32% of eggs successfully produced live young.  Eggs were laid an 

average of 35cm above the water level at the time of laying and mean clutch size was 

53 eggs (Webb et al., 1983). 

The saltwater crocodile population is currently at healthy levels, having recovered from 

unsustainable levels of harvesting.  Human development appears to be little threat to 

their habitat, although Mimosa pigra is taking over some nesting areas.  Crocodiles 
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have very low survivorship for at least the first five years of their life.  Webb and 

Maniolis (1989) estimate only 18 out of 1000 hatchlings survive to be five years old.  

Just 53% of hatchlings will survive their first year in the wild.  Crocodiles are highly 

territorial and will prey on younger crocodiles or drive them out of their home territory.  

Survival of crocodiles is therefore a function of population density (Parks and Wildlife 

Service NT, 2005). 

Behaviour of crocodiles is also heavily influenced by temperature, with low activity 

levels in the cool dry season and high activity levels in the hotter wet season.  

Crocodiles ideally try to maintain a body temperature of 30-33°C.  Webb (1991) reports 

that increasing temperatures in the late dry season trigger an early start to the breeding 

season.  As highlighted above, above or below average temperatures during nesting 

may also increase the proportion of female to male hatchlings (Lang and Andrews, 

1994). 

The saltwater crocodile requires nesting sites to be very close to permanent freshwater 

(usually within 20 metres) (Harvey and Hill, 2003; Webb et al., 1983).  Mangrove 

forests, open sedge plains and exposed shore communities are poor nesting habitats 

(Harvey and Hill, 2003; Magnusson, 1980).  
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Chapter 4:  

Potential impacts of climate change  

 

4.1  Projected climate scenarios for Kakadu National Park 

The IPCC projections are derived from climate models broadly accepted by the global 

scientific community as the best available indication of the future global climate. The 

IPCC (2007) climate scenarios for north Australia have been adapted by the CSIRO 

(Hennessy et al., 2008) to determine a likely range of climate projections for Kakadu 

National Park (Jabiru).   It is important to note that the IPCC models are superseded 

every 5 years by further research and that therefore comparing past projection models 

with the current (2007) models can be confusing.  As discussed in Chapter 1, making 

climate projections is particularly problematic for the north Australian region, due to the 

large amount of natural variability in the climate and a lack of baseline data during 

extreme climatic events. This has produced a relatively large confidence interval for 

each projection (see Appendix 1, Hennessy et al., 2008).  The lower limits of ranges in 

Table 1 for 2050 and 2070 are determined by the B1 (low emissions scenario) model 

and the upper limits are determined by the A1FI (high emissions scenario) model.  The 

2020 model is based on a mid-range emissions scenario.  The median value for each 

scenario is displayed in Table 1 (Hennessy et al., 2008).   
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Table 1:  Summary of projected long-term changes in climate for Jabiru, NT for the years 

2020, 2050 and 2070 (After Hennessy et al., 2008: See Appendix 1 for full details)    

Projected Trend 

(relative to average levels 

for 1980-99) 

2020 2050 

Low 

emissions 

2050 

High 

emissions 

2070 

Low 

emissions 

2070 

High 

emissions 

Increase in average temp 

(°C) 
0.7 1.2   1.9 1.6 3.1 

Increase in number of hot 

days (>35°C) from 151 

(average 1971-2000) 

26 62 87 78 143 

Increase in intensity (%) of 

heavy rainfall events 

(>30mm/day)  

3.4 6 9.8 8.2 15.8 

Decrease in total rainfall 

(%) 
0.3 0.6 0.9 0.8 1.5 

Decrease in number of rain 

days 
0.2 0.4 0.6 0.5 1 

Increase in mean sea 

surface temp (°C) 
0.5 0.9 1.4 1.2 2.3 

Mean sea level rise (cm) 8-14 19 37 32 56 

4.1.1  Temperature 

Kakadu can expect average temperatures 0.7°C hotter by 2020, 1.2 to 1.9°C hotter by 

2050 and 1.6 to 3.1°C  hotter by 2070 (Table 1).  It can expect more hot days, with an 

additional 26 days over 35°C per annum by 2020, 62-87 by 2050 and an additional 78-

143 days by 2070 (Hennessy et al., 2008).  This is additional to the average 151 hot 

days (>35°C) experienced in Jabiru each year (Bureau of Meteorology, 2008).  

Hennessy et al. (2004) also projects the average number of hot spells (3-5 days over 

35°C) in Kakadu will increase significantly, causing additional heat stress to people, 

plants and animals. 
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Fire is an important part of the landscape in the wet/dry tropics.  Bininj use fire on the 

Kakadu wetlands in the mid-dry season to clear access for hunting and gathering, 

maintain cultural traditions and promote certain desired plant species such as water 

lilies, water chestnuts and grass for magpie geese nests.  Fire is also used to prevent 

hot fires occurring on the floodplains which can kill paperbark trees (Melaleuca spp.), 

turtles buried in the mud and pockets of monsoon forest (Cooper, 1999; Lawson, 1999).  

Since European settlement the traditional fire regime has changed with the decline of 

Aboriginal people living on country.  The buffalo eradication program of the 1980s 

encouraged the growth of grasses on the wetlands by reducing grazing pressure, 

increasing the need for regular burning to improve access and prevent hot fires 

(Cooper, 1999). There is evidence to suggest that more frequent hot fires have 

contributed to a decline in abundance of some species in Kakadu National Park, 

highlighting the sensitivity of these species to a change in fire regime (Woinarski et al., 

2007).  A combination of increased evaporation rates, higher temperatures and more 

hot days as projected due to climate change is likely to increase the amount of dry fuel 

available and encourage conditions suitable for fire, however there is a lack of detailed 

modelling on this issue (CSIRO, 2007).  When combined with increased biomass 

through the spread of invasive grasses such as para grass or gamba grass, this is likely 

to result in a higher intensity and frequency of fire in Kakadu National Park (PMSEIC 

Independent Working Group, 2007; Russell-Smith, 2008; Douglas & O’Connor, 2004).  

4.1.2  Rainfall 

The intensity of heavy rainfall events is expected to increase (3.4% by 2020, 6.0 to 

9.8% by 2050 and 8.2 to 15.8% by 2070), which is likely to increase the severity of 

flooding events. Increased levels of wet season rainfall have occurred in north Australia 

over the past few decades.  However, the effect of climate change upon the amount of 

rain and the number of rain days in the future is likely to be negligible (Hennessy et al., 

2008).  Onset and length of the wet season in north Australia varies significantly from 

year to year and region to region, making future rainfall patterns difficult to predict 

(Woinarski et al., 2007).    

Although only slight changes in total rainfall are projected, high evaporation rates due 

to higher temperatures are likely to significantly decrease the amount of available 

moisture.  CSIRO (2007) project an increased evapotranspiration rate of 6 to 10% by 
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2070 for northern Australia.  Hennessy et al. (2004) also projected that the Top End 

region can expect a significant increase in the overall moisture deficit in both the wet 

and dry season.  

Projections for seasonal average changes in temperature and rainfall were modelled for 

the year 2020, but these showed very little change in seasonal conditions (Hennessy et 

al., 2008).  An earlier modelling study found that in the Top End region 1.5-3.5% of 

rainfall may occur earlier in spring (late dry season) rather than summer (wet season) 

months (Hennessy, 2006).  Hennessy et al. (2004) found that based on the 2001 IPCC 

Assessment, the Jabiru region could expect little change in wet season rainfall, 

however did project a possible increase in dry season rainfall (-8% to +20% by 2030 

and -20% to +60% by 2070).  Interestingly, this contradicts the trend in increasing 

summer rainfall over the past fifty years and findings of earlier CSIRO modelling, which 

projected higher monsoonal rainfall during the summer period for the Top End region 

(Eliot et al., 1999). 

In the longer-term (2050 and 2070) there is a high degree of uncertainty over how 

climate change may influence the seasonality of the north Australian climate.  Given 

that this would have a major impact on the life-cycles and distribution of species, this is 

a major knowledge gap when attempting to determine the impact of climate change 

upon the Kakadu wetlands. 

While predictions of longer wet seasons have occurred in the past, the most current 

modelling suggests there would be very little change to future average seasonal 

patterns (Hennessy et al., 2008).  There remains a large amount of uncertainty about 

future rainfall patterns for the region. 

4.1.3  Extreme weather events 

Hennessy et al. (2008) comment that “the impact of climate change will often be felt 

through extreme events”.   The environment of the wet/dry tropics is shaped by 

disturbance from extreme events.  An increase in the frequency or intensity of extreme 

events such as floods, heatwaves, cyclones and storm surges may reduce the 

resilience of wetland ecosystems to other stresses such as weeds, feral animals and 

landscape change.  Animals such as waterbirds, migratory birds, amphibians and 

reptiles are sensitive to significant changes in climate.  This may result in a decline in 
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their abundance and changes in their distribution (PMSEIC Independent Working 

Group, 2007).   

The intensity of Category 3-5 cyclones is projected to increase in the future due to 

warmer sea surface temperatures.  Given the generally low number of cyclones to 

develop in the Top End region (average of 1 per year in the Arafura and Timor Seas), 

there is currently not enough data to predict changes to frequency or tracking of 

cyclones with any confidence (Hennessy et al., 2004).  Cyclones are also associated 

with storm surges, which cause damage to coastal areas and contribute to saltwater 

inundation.  An increase in ocean temperatures and melting of land-based ice will also 

contribute to a significant rise in sea level, which will exacerbate the effects of storm 

surge (CSIRO, 2007).  Cyclone Monica in 2006 caused a six-metre storm surge and 

wind speeds of up to 360km/hr (Chapter 1)  (Bureau of Meteorology, 2008).  An 

increased intensity of cyclones would mean that they would be an increased likelihood 

of cyclones such as Monica, increasing the risk of damage and threat to human life.  

Category 5 cyclones cause major ecological disturbance which can have repercussions 

for decades, including removal of Melaleuca trees from floodplains and increased 

groundwater flow (Cook and Goyens, 2008).  Large storm surges caused by intense 

cyclones also exacerbate the effects of sea-level rise, causing sudden saltwater 

inundation of coastal areas to a depth of several metres (Bartolo et al., 2008).  This is 

an additional threat to the viability of freshwater wetlands. 

4.1.4  Sea level rise 

Since 1920 -2000, Australia has experienced an average estimated relative sea-level 

rise of 1.2mm per year.  The rate of rise since 1990 is consistent with the upper end of 

IPCC projections (CSIRO, 2007). Sea level rise varies significantly from location to 

location due to a combination of local and regional hydrological and geomorpological 

factors.  Hennessy et al. (2008) project a sea level rise of 8-14cm by 2020, 19-37cm by 

2050 and 32-56cm rise by 2070. 

Landscape types and coastal topography of Kakadu National Park has been assessed 

by Bayliss et al. (1997), Eliot et al. (1999), Bartolo et al. (2008) and Hyder Consulting 

(2007).  The Kakadu coastline is of very low elevation, ranging from 0.2 to 1.2 m above 

sea level (Eliot et al., 1999) and even a small degree of sea-level rise is very likely to 

cause significant saltwater inundation of freshwater wetland systems (Figure 6).  Within 
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the freshwater habitat in the Alligator River Region, 176,596 ha, or 72% of this area is 

currently assessed as vulnerable to a 30cm sea level rise (Table 2) (Bartolo et al., 2008 

from Bayliss et al., 1997). Hyder Consulting (2007) claimed that up to 80% of Kakadu’s 

wetlands were under threat from saltwater intrusion, however the origin of the claim is 

unclear.  Hare (2003) proposed that 50% of Kakadu’s wetlands would be lost with a 1-

2°C rise in average temperatures due to sea level rise. Interactions between different 

elements of the river system, are complex, variable and therefore remain poorly 

understood despite an increased research effort over the past 30 years (Bartolo et al., 

2008) .   This makes it difficult to predict the specific impacts and scale of saltwater 

intrusion in Kakadu National Park due to sea level rise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6:  Wetland habitats at risk of salt water inundation due to 30cm sea level rise 

(Source: Bartolo et al., 2008, After: Bayliss et al. 1997). 

 



A. Boustead 573914 MTEM Research Project:  A review of the potential impacts of climate change upon Kakadu 

wetlands 

56 

 

Table 2:  Amount (ha) and proportion (%) of freshwater wetland habitat vulnerable to 

30cm sea level rise (Source: Bartolo et al., 2008, after Bayliss et al.  1997:11). 

Freshwater 

Wetland Type 

Total Area (ha) Area Vulnerable to  

Sea Level Rise (ha) 

% Freshwater Habitat 

Vulnerable 

Floodplain 

(area subject to inundation) 

  

 

157,684 

 

96,190 

 

61% 

Swamp 86,479 80,406 93% 

 

Total  

 

244,163 

 

176,596 

 

72% 

  

As discussed in Chapter 2, the presence of ancient river channels buried over time 

suggests the coastline is highly dynamic and that the wetlands of the Alligator River 

region were created by a retreating sea-level about only 5,000 years ago (Bayliss et al., 

1997).  The area is very low-lying  and large tides of up to six metres force saltwater up 

existing channels over 100 km inland, further enhancing the vulnerability of the region’s 

coastline to saltwater intrusion (Woodroffe et al., 1985).  Saltwater intrusion from a rise 

in sea level is likely to promote saline systems such as mudflats and mangroves at the 

expense of freshwater wetlands (Bayliss et al., 1997).  This has been seen along the 

South Alligator and Mary Rivers, where wetland habitat has been displaced by 

saltwater intrusion.  A sea level rise would also see increasing dieback of Melaleuca 

stands on the margins of wetlands (Bayliss et al., 1997), although there is some 

evidence that they are able to recover if the freshwater habitat is reclaimed (Australian 

Greenhouse Office, 2004).   
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Chapter 5:     

Potential impact of climate change upon key species 

 

5.1  Determining vulnerability of species to climate change 

The Australian Government’s preliminary assessment of the implications of climate 

change for Australia’s national reserve system (Dunlop & Brown, 2008) found that 

climate change will affect biodiversity by: 

• Changes in the concentration of nutrients and toxic chemicals in leaves 

• Changes in growth and water use by plants 

• Changes in the dates of seed germination, flowering, egg laying and hatching in 

birds, reptiles and insects. 

• Changes in animal behaviour 

Climate change is also likely to alter how existing threats affect biodiversity, by: 

• Changed water use and availability 

• Arrival of new species in a region 

• Changes in land use 

• Altered fire regimes 

It is difficult to predict how a species may respond to a complex series of environmental 

changes. The IUCN has identified 90 "life history traits" – essential elements of a 

species' behaviour or lifestyle – that are likely to be affected by a change in their local 

climate (Foden et al., 2008). These included: 

• Requirements for a specialised habitat  

• Specific environmental tolerances  

• Dependence on environmental cues 

• Dependence on interactions with other species 

• Ability to disperse 
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This will in turn cause changes in species interactions, abundance, distribution and 

genetic diversity.  Garnaut (2008) predicted that species will either stay, move or die-

out depending on their ability to tolerate change, adapt to change and the level of 

mobility.  Very little data is available on potential indirect ecological impacts of climate 

change for Kakadu National Park, however it can be contended that species with 

restricted habitat, lower mobility and lower tolerance ranges will be most vulnerable to 

climate change.  This demonstrates how climate change could impact upon the Kakadu 

wetlands in a number of ways, and that these impacts interact with each other. They 

could reinforce each other, or negate one another, in ways that current knowledge does 

not allow us to assess.  

 

5.2   Wild Rice (Oryza meridionalis)  

Temperature 

Higher average temperatures and evaporation rates are likely to cause floodplains and 

billabongs to dry up more quickly during the dry season.  This may shorten the growth 

period and therefore decrease seed production of wild rice plants.  However, this 

impact may be counteracted by potentially more extreme rainfall events during the wet 

season as this would effectively extend the growing period.  

Hotter, more frequent fires are likely to result due to an increase in heat waves, higher 

evaporation rates and higher average temperatures.  Fire is a natural part of the 

floodplain landscape and Indigenous people have used fire as a management tool to 

encourage the regrowth of desired grasses and clear access for thousands of years 

(Lawson, 1999).  The consequence of hotter fires for the ecology of the floodplains is 

largely unknown, however wild rice seeds are protected from fire since they lie dormant 

deep in the soil during the dry season (Wurm, 1998).  Areas of wetland subject to 

hotter, more frequent fires are known to be more susceptible to invasion by weeds such 

as the introduced perennial para grass (Urochloa mutica) which is known to suppress 

wild rice (O’Connor and Douglas, 2004).  

Para grass is currently invading freshwater wetland floodplains in northern Australia at 

an alarming rate (Bayliss, 2008).  Due to its high biomass and structure, para grass has 

been found to totally suppress establishment of O. meridionalis, even if it has been 

treated with herbicide (Wurm, 2007).  Para grass is likely to alter the natural fire regime 
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where it has displaced wild rice, by increasing the fuel load, fire intensity and flame 

height (Douglas and O’Connor, 2004).  This can cause the deaths of Melaleuca trees, 

monsoon rainforest species and turtles aestivating in the mud, as well as facilitate 

further spread of the weed (Douglas and O’Connor, 2004).   

Rainfall 

Wurm (1998) found that O. meridionalis was able to adapt to a range of flooding 

regimes, however increased flooding did increase seedling mortality and reduce seed 

production.  It was also found that the negative impacts of flooding were counteracted 

to an extent by protection from seed predation by animals such as the dusky plains rat 

(Rattus colletti).  The longer inundation period caused by increased flooding also 

allowed plants to continue to produce seed into the dry season, increasing overall seed 

production. 

Plant height is related to water depth, so that in years with heavy rainfall, plants must 

grow taller to cope with the higher water level on the floodplain (Wurm, 1998).  Plants 

are able to cope with temporary inundation if they can grow to keep up with the water 

level, but may drown if inundated by an extreme rainfall event.  Wurm (1998) found in 

nursery experiments that plants growing in deep water produce less inflorescences and 

therefore less seed compared to plants growing in shallow water or damp soil.  An 

increase in intensity of extreme rainfall events could therefore increase the number of 

seedlings which fail due to drowning and reduce the seed productivity of established 

plants growing in deep water.  However, this could be negated by increased seed 

production due to a longer inundation period and protection from predators. 

Wurm (1998) also found that the timing of flooding was crucial to the survival of O. 

meridionalis seedlings.  An early start to the wet season followed a period of drought 

could cause a ‘false start’ to germination, resulting in high seedling mortality.  A late 

start to the wet season could mean a shorter growing period and therefore lower seed 

production.  Variation in the timing of the onset of the wet season is a normal part of the 

north Australian climate.  However, sporadic rainfall in the early wet season or delays in 

the onset of the wet season may result in greater seedling mortality or reduced seed 

production of O. meridionalis.  
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Extreme events 

O. meridionalis is well adapted to cope with extreme events such as floods and 

cyclones.  Since the entire soil seed bank does not germinate at any one time, if an 

entire area of wild rice is destroyed by flood or cyclone, there will still be some seeds 

ready to germinate within the soil.  Storm surge events associated with a cyclone do 

however threaten wild rice with saltwater intrusion. 

More extreme events will increase the level of disturbance to ecosystems.  This is likely 

to exacerbate pressures placed upon freshwater wetlands and change the distribution 

and abundance of feral animals and weed species (Walden & Gardener, 2008).  Little is 

known about the potential impact of climate change upon weeds such as para grass, 

mimosa or olive hymenachne in northern Australia.  It is likely that good land 

management activities such as pest control, weed control and fire management will 

become even more important to increasing resilience of landscapes to climate change 

(Campbell, 2008).  

 

Sea level rise 

O. meridionalis is a freshwater species, however it is able to tolerate some level of 

salinity and has been known to grow in saline or semi-saline sites.   Finlayson (1989) 

found that on the Magela Creek floodplain, Oryza meridionalis (50-75%), Eleocharis 

spiralis (50-70%) and Eleocharis dulcis (75-100%) had the highest maximum 

percentage frequency of occurrence at a range of saline/semi-saline sites when 

compared with other dominant freshwater wetland plant species (Bayliss et al., 1997). 

This may indicate that plants can tolerate temporary inundation of saltwater.  However, 

a rise in sea level is likely to cause widespread saltwater intrusion of freshwater 

wetlands at levels exceeding the salinity tolerance range of many freshwater plants, 

including O. meridionalis.  The species displays density-dependent fecundity so that 

isolated plants produce a larger amount of seed.  This may assist the species to adapt 

to the impacts of climate change. 
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5.3   Magpie goose (Anseranas semipalmata) 

Temperature 

Higher evaporation rates may mean that freshwater wetlands dry more quickly than at 

present, limiting late dry season feeding areas and therefore increasing juvenile 

mortality.  Given that distribution and abundance of magpie geese is strongly related to 

rainfall and soil moisture (Bayliss & Yeomans, 1990), this may result in a reduction of 

current populations to a few dry season refuge areas.  Magpie geese are opportunistic 

feeders, and after the floodplains have dried at the end of the dry season, will seek 

refuge in areas of permanent water feeding on any edible bulbs or rhizomes 

(Whitehead, 1998).  During this time their body weight is very low (Whitehead & 

Saalfeld, 2000).  An extension of this drought period may have a significant impact 

upon the population, leading to the deaths of many birds by starvation.  Whitehead 

(1998) found that severe drought in the early 1900s may have contributed to the 

demise of magpie geese in south-eastern Australia.    If weeds such as mimosa and 

para grass continue to take over wetland areas, the combined impact would be 

significant (Yibarbuk, 1999).  However, the effect of greater evaporation may be 

somewhat compensated by more extreme rainfall events during the wet season.   

Rainfall 

Major floods during the early-mid wet season can cause mass failure of nests, although 

geese are able to nest again within the same season if this occurs (Whitehead, 1998).  

More extreme flooding events as a result of more intense rainfall events in the wet 

season are therefore likely to increase the loss of magpie goose nests to drowning.   

As detailed in Chapter 3, extreme floods can drown Oryza seedlings, leading to a 

depletion of seeding plants at a crucial time for young magpie geese.  Goslings must 

build up their body weight quickly to cope with the constant movement from wetland to 

wetland throughout the dry season as each area dries up and the flock move on 

(Whitehead, 1998; Woinarski et al., 2007).  Depletion of the main food source at this 

time may result in death of goslings by starvation. 

The timing of the wet season determines both distribution and fecundity of magpie 

geese, since clutch size is larger in years with early wet season onset (Whitehead, 

1998) and the population spreads out across floodplain areas when the wet season 
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arrives.  A potential change in timing of seasons could affect the fecundity and 

distribution of magpie geese. 

Extreme events 

Magpie geese are particularly vulnerable to storms or cyclones during breeding season 

in February-March.   More intense cyclones during this time would increase risk of 

nests drowning, but the relatively flimsy nests are vulnerable to any major storm.  Since 

no increase in frequency of cyclones is currently projected, the chance of storm 

damage to nests is unlikely to change. 

More heatwaves and hot days in the late dry season could make magpie geese more 

vulnerable to starvation as refuge areas dry up more quickly under higher evaporation 

rates.  Increased spread of weeds into magpie goose habitat is likely to decrease the 

availability of food sources such as wild rice and Eleocharis spp. 

Sea level rise 

Saltwater intrusion is known to have reduced magpie geese habitat over the past fifty 

years, by causing death of freshwater plants such as Melaleuca spp. and Eleocharis 

spp. (Heerdegen and Hill, 2005; Eliot et al., 1999)  Although Oryza spp. have displayed 

some tolerance of saline water, the plants thrive mainly in freshwater.  Saltwater 

intrusion associated with a rise in sea level is likely to cause widespread loss of magpie 

goose habitat, particularly feeding sites dominated by Oryza spp. or Eleocharis spp as 

well as nesting sites dominated by Hymenachne acutigluma.  Magpie geese require a 

large area of diverse freshwater wetland habitat and are known to return to the same 

sites on a regular basis (Woinarski et al., 2007; Bayliss, 1989). Although magpie geese 

are highly adapted to seasonal conditions through high mobility, conservation of a wide 

variety of freshwater habitats providing for nesting, roosting and feeding will be crucial 

to the continued survival of magpie geese (Whitehead, 1998; Frith & Davies, 1961; 

Woinarski et al., 2007; Bayliss & Yeomans, 1990).  Bayliss et al. (1997) project a 72% 

loss of freshwater wetlands in the Alligator River Region by 2050, representing a 

significant reduction in magpie goose habitat. Given that magpie geese migrate across 

a large area of freshwater wetland habitat from season to season, this is likely to cause 

a dramatic decline in the magpie geese population and place further pressure on those 

dry season refugia remaining unaffected by saltwater intrusion.   
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5.4  Saltwater crocodile (Crocodylus porosus) 

Temperature 

Higher temperatures may impact negatively upon abundance of reptiles with 

temperature-dependent sex determination, such as crocodiles and turtles (Whiting, 

2008), by increasing the proportion of females to males.  There is some evidence to 

suggest that these species may be able to adapt to higher temperatures by changing 

their nesting site to reduce exposure of eggs to outside temperatures (Hyder 

Consulting, 2008).    

The incubation period for crocodiles is about 40-50 days.  High temperatures (above 

33°C) during the early incubation period will kill embryos or generate mostly females.  

An incubation period of between 32-33°C produces mostly males and also gives 

embryos the best chance of survival (Webb and Maniolis, 1989).  It is clear that even a 

small amount of temperature rise could negatively impact upon the success or gender 

balance of crocodile nests. Whether or not crocodiles could adapt to this by changing 

their nesting habits is unknown. 

Rainfall 

Saltwater crocodiles nest on mounds of vegetation next to permanent water in the wet 

season, making them vulnerable to the impacts of floods and storms.  Mortality of eggs 

is often extremely high during floods (Webb and Maniolis, 1989; Webb et al., 1983).  

More extreme floods brought on by more intense rainfall events are likely to increase 

the risk of nest failure. 

Although crocodiles can breed throughout the year, breeding is often triggered by early 

wet season rainfall (Webb and Maniolis, 1989).  A change in the timing of seasons 

could therefore affect the timing of breeding season. 

Extreme events 

Storm damage to crocodile nests from more intense cyclones could reduce their 

breeding success, although it is likely that the relatively flimsy nests would be destroyed 

in any cyclone, no matter the intensity.  More hot spells and hot days are likely to affect 

the behaviour of crocodiles, so that they spend more time submerged in the water.  

Above average temperatures during breeding season would also affect egg incubation. 
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Sea level rise 

Given that the crocodile thrives in an estuarine environment, it is likely to be favoured 

by a rise in sea level.  However, since permanent freshwater is crucial to nesting 

habitat, a reduction in availability of freshwater wetlands could impact upon breeding 

effort.  Since saline environments such as mangroves, open sedge plain and exposed 

shore communities prove to be poor nesting habitat (Harvey and Hill, 2003; 

Magnusson, 1980), the replacement of freshwater wetlands with saline habitat is likely 

to decrease breeding effort, which may in turn affect the overall crocodile population.   

 

5.5  Summary:   

Potential impacts of climate change upon Kakadu wetlands 

The various potential impacts of climate change and their possible effects upon key 

species are summarised in Table 3 below. 

Table 3: Potential impacts of climate change upon Kakadu wetlands  

Impact Effect Wild rice Magpie Geese Crocodile 

Hotter average 

temperatures and 

subsequent higher 

evaporation rates 

Wetlands dry out 

more quickly in 

early dry season. 

Higher daily 

temperatures. 

Shorter growth 

period for wild 

rice resulting in 

decreased seed 

production.  

 Impact on 

growth rate 

unknown. 

Magpie geese 

forced to move 

on to other 

wetlands more 

quickly as they 

dry out. 

Increased rates 

of juvenile 

mortality by 

starvation may 

occur in late dry 

season due to 

lack of available 

food. 

Density-

dependent 

response to less 

dry season 

Higher 

incubation 

temperatures 

during nesting 

may increase 

proportion of 

female to 

male 

hatchlings. 
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refuge areas 

leads to 

decrease in 

population  

Increased number 

of hot days and 

hot spells. 

Increased risk of 

heat stress.   

Increased fire risk.  

Hotter, more 

frequent fires 

may promote 

weeds such as 

para grass at the 

expense of wild 

rice, depending 

on the timing of 

the fire. 

Impact of 

changes to fire 

regime unknown. 

As above. 

Increased 

intensity of heavy 

rainfall events 

More severe 

flooding events. 

Higher risk of 

seedlings 

drowning and 

reduced 

production if 

floods occur 

during early-mid 

wet season. 

Less predation 

of seeds during 

floods. 

Longer 

inundation 

period may 

favour longer 

growth period 

and increased 

production. 

Increased risk of 

nest failure by 

drowning due to 

higher flooding 

levels. 

Depletion of wild 

rice due to 

extreme flooding 

may affect food 

availability in dry 

season.  

Increased risk 

of nest failure 

by drowning 

due to higher 

flooding 

levels. 

Increased 

intensity of 

Category 3-5 

More severe 

flooding and saline 

intrusion caused 

Increased risk of 

intrusion by 

weeds and feral 

Decreased 

freshwater 

wetland habitat 

None likely. 
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cyclones by storm surge. 

Higher degree of 

disturbance to 

ecosystems  

Increased 

recovery period of 

ecosystems and 

potentially 

permanent 

change. 

animals 

decreases 

abundance of 

wild rice. 

Increased area 

of coastal 

wetland habitat 

vulnerable to 

sudden saline 

intrusion 

decreases 

habitat available 

to wild rice.  

available due to 

effects of storm 

surge and 

increased rate of 

introduction and 

spread of weeds. 

Increased rate of 

rising sea level 

(19-37cm by 

2050) 

Widespread saline 

intrusion of 

freshwater 

wetlands in low-

lying and coastal 

areas. 

Widespread 

death of wild rice 

plants due to 

exposure to 

highly saline 

water.  Some 

wild rice plants 

may survive 

periods of 

inundation in 

semi-saline 

water. 

Large decrease 

in available 

habitat as the 

landscape shifts 

from freshwater 

to saltwater.  

Loss of many 

key nesting and 

feeding sites, 

particularly 

during dry 

season. 

Potential for 

density-

dependent 

response leading 

to sudden 

decline in 

population. 

Loss of some 

key nesting 

sites in low-

lying or 

coastal areas. 

Increased 

availability of 

prime feeding 

sites due to 

increased 

estuarine 

habitat. 
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Chapter 6: 

Discussion 

 

6.1  Will climate change affect the freshwater wetlands of Kakadu? 

The significant loss of freshwater wetlands to saltwater intrusion remains the biggest 

threat to biodiversity of Kakadu’s wetlands.  It has been estimated from topographical 

maps that a 30cm sea level rise will result in the loss of about 72% of freshwater 

wetlands (Bartolo et al., 2008; Bayliss et al., 1997).  The potentially devastating impact 

of saltwater intrusion upon freshwater systems has been seen in the region over the 

past fifty years (Winn et al., 2006; Heerdegen & Hill, 1999).  The Fourth IPCC 

Assessment provides global climate model projections under various emissions 

scenarios. Climate models indicate that according to our current rate of emissions, it is 

more likely we will be facing the highest emissions scenario (IPCC, 2007).  The CSIRO 

has applied these models to the Kakadu region and found that a 1.9 degree rise in 

average temperature is likely to occur by 2050, resulting in a sea level rise of about 

37cm (Hennessy et al., 2008).  Some scientists suggest that the rate of sea level rise 

could be even larger than that predicted by the IPCC (2007) due to the impact of large 

polar ice sheets melting (Steffen, 2008).   Furthermore, the lag of climate change 

means that some change would still occur despite efforts to mitigate greenhouse gas 

emissions (Steffen, 2008).  

The high emissions models provided by CSIRO (Hennessey et al., 2008) for 2050 and 

2070 also project more extreme rainfall events, more extreme Category 4-5 cyclones, 

hotter average temperatures and more hot days for Kakadu.  These other climate 

change impacts will affect wetland communities and species in ways difficult to predict.   

The Kakadu wetlands are a relatively young, naturally dynamic environment shaped by 

geomorphic change over the past 8,000-10,000 years (Chapter 2).  As case studies on 

the Mary River wetlands have shown (Australian Greenhouse Office, 2004), it is not 

necessarily change itself but the rate at which climate change is projected to occur 
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which threatens the viability of freshwater wetland species.  Monitoring these changes 

to find out which specific areas and species are most vulnerable is crucial to managing 

the impact of climate change (Woinarski, 2008). 

 

6.2  Can freshwater wetland species adapt to climate change? 

As outlined in Chapter 4, the ability of a species to adapt to climate change will depend 

upon their life histories and strategies for coping with change (Dunlop and Brown, 

2008).  Highly mobile species such as crocodiles and magpie geese will be able to 

move on from areas which have become unsuitable habitat.  Species with specialised 

habitat requirements such as magpie geese are likely to be more vulnerable than the 

less specialised saltwater crocodile.  Species with lower or more specific environmental 

tolerances to changes in variables such as salinity, temperature or inundation due to 

flooding will be more vulnerable.  The ability of species to cope with more frequent 

and/or more intense extreme events will also determine their vulnerability to climate 

change (Hennessy et al., 2008).  For example, for wild rice, more extreme heavy rain 

events in the early wet season may increase seedling mortality but simultaneously 

cause a prolonged period of inundation and therefore seed production (Wurm, 1998).   

Species dependent on environmental cues or interactions with other species are also 

vulnerable.  For example, early wet season rains trigger wild rice to germinate and 

saltwater crocodiles to begin nesting.  Magpie geese rely heavily upon freshwater 

wetland plants such as wild rice to provide feeding and breeding habitat.  These 

ecological interactions will be crucial to which species will survive, move-on or die-out 

(Garnaut, 2008).  The future of key species discussed in this thesis under the projected 

impacts of climate change is explored below. 

Wild Rice 

Widespread saltwater intrusion is likely to significantly reduce wild rice habitat in the 

future.  Although some slightly saline areas may remain suitable, wild rice will largely be 

restricted to freshwater wetlands which remain unaffected by saltwater intrusion.  

Reduction of wild rice habitat will have significant flow-on effects for fauna which rely 

upon wild rice for feeding and nesting, such as the dusky rat and magpie goose.  The 

management of weeds such as para grass which can further reduce wild rice habitat in 
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these wetland refuge areas will therefore become even more paramount to the survival 

of wild rice communities.  

More extreme floods in the future may result in drowning of seedlings however this may 

also be compensated by increased seed production due to a prolonged wet season and 

the density-dependent response of individual plants (Wurm, 1998).    Higher 

evaporation rates and increased average temperatures may be compensated to an 

extent by more extreme heavy rainfall events.  

Magpie Geese 

Although current populations of magpie geese are robust, their rapid disappearance 

from other parts of Australia where habitat has been lost due to landscape change is an 

indication that there may be a tipping point where the population rapidly declines 

(Woinarski et al., 2007; Frith and Davies, 1961; Bayliss and Yeomans, 1990).  The 

widespread loss of freshwater wetland habitat due to saltwater intrusion will restrict the 

number of feeding and breeding sites available to magpie geese throughout the year.  

This pressure may be enough to cause a significant decline in the population (Corbett 

et al., 1996).  The maintenance of dry season refugia, particularly shallow freshwater or 

lawn areas, will be crucial to the success of the magpie goose (Bayliss and Yeomans, 

1990).  This includes managing the spread of weeds such as para grass, mimosa and 

olive hymenachne.  Some areas may be more vulnerable to saltwater intrusion than 

others.  The Boggy Plain – Nourlangie Creek floodplains are home to 60-70% of the 

magpie goose population in the Northern Territory (Bayliss and Yeomans, 1990).  The 

conservation of freshwater habitat in the area for foraging and breeding is likely to be 

crucial to maintaining a healthy magpie goose population.  

Both fecundity and dry season survival are known to be strongly correlated with rainfall 

(Bayliss and Yeomans, 1990; Whitehead & Saalfeld, 2000).  Since future rainfall 

projections remain uncertain, it is not known how climate change will affect total rainfall 

or rainfall patterns (Hennessy et al., 2008; CSIRO, 2007; Hennessy et al., 2004).  

Higher evaporation rates may mean that some wetlands dry more quickly than normal, 

forcing increased movement of flocks to other freshwater wetlands.  Magpie geese 

nests may be more vulnerable in the future due to more extreme heavy rainfall events, 

however this may not have an impact on the overall population since there is already a 
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risk of nests drowning during heavy rainfall events and this is compensated for by the 

reproduction strategy of the geese (Whitehead & Tschirner, 1990).   

The interaction between the loss of wild rice habitat and the loss of magpie goose 

habitat highlights how climate change will have flow-on effects for the entire food chain.  

This will make it difficult to predict the exact impacts of climate change upon a particular 

species.  The cumulative impact of climate change upon an ecosystem or species is 

also difficult to measure since some impacts may negate or compound others (Chapter 

4).    For example, higher evaporation rates may be compensated for by more intense 

heavy rainfall events during the wet season.  For the magpie goose, its reliance upon 

freshwater wetland plants makes it vulnerable to any loss in freshwater wetland habitat.  

Saltwater Crocodile 

The saltwater crocodile has shown itself over millenia to be a highly resilient and 

adaptive species.  Since its protection from hunting in 1971, the saltwater crocodile 

population has continued to grow (Webb et al.,1983).  A reduction of freshwater 

wetland may reduce habitat available for nesting.  However, studies indicate that 

although crocodiles prefer freshwater swamp habitat, they are also able to nest in 

riverine habitats next to a source of freshwater (Harvey and Hill, 2003).  This makes 

freshwater areas such as upstream rivers, creeks, billabongs and wetlands more 

important for crocodile nesting habitat in the future.   

The commercial exploitation and traditional use of crocodiles may be affected if a rise in 

sea level causes saltwater intrusion of important sites.  For example Malacca Swamp, 

on the Adelaide River floodplain, is able to support harvesting of eggs for commercial 

purposes due to the high abundance of crocodiles and crocodile nests in the area 

(Harvey and Hill, 2003).  If significant nesting sites such as Malacca Swamp were to be 

affected by saltwater intrusion, this would mean that commercial and traditional 

harvesting of crocodile eggs may need to shift to different areas as crocodile nesting 

sites change in response to a loss of freshwater areas to saltwater intrusion.  It may 

also require more intensive management of nesting sites to protect against threats such 

as feral animals, weeds and fire.  More intensive heavy rainfall events may also 

increase the risk of nests drowning.  However, this is not likely to be significantly 

greater than the current risk given that there is no projected increase in frequency of 

heavy rainfall events. 
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The gender balance and success of breeding may be affected by an increase in the 

number of hot days and hotter average temperatures unless crocodiles learn adaptive 

behaviours, such as burying eggs lower in the nest or selecting a different site.  Such 

behaviour has been observed in other reptiles with temperature-dependent sex 

determination (Doody et al., 2006 in Hyder Consulting, 2008).  

Despite these vulnerabilities during nesting, the saltwater crocodile has survived a 

great deal of climate change in the past as a species.  Its reproductive strategy means 

that survival is a function of density.  Therefore a lower breeding success may not 

necessarily affect the overall population since it may be compensated for by lower 

mortality rates.  The saltwater crocodile is relatively well equipped to adapt to the 

impacts of climate change in north Australia because of its broad diet, high mobility, 

ability to thrive in an estuarine environment and ability to cope with changes in 

temperature through its semi-aquatic lifestyle. 

 

6.3  Implications for the use of Kakadu’s wetlands 

The loss of freshwater wetland habitat to saltwater intrusion is likely to threaten species 

highly dependent on this habitat. This will impact upon the economic, cultural and 

conservation values of Kakadu National Park.  Some of these impacts can be managed 

to an extent through conservation planning, adaptive management, marketing and 

education.  This will have repercussions for future use of the Park. 

Current use of Kakadu’s wetlands has been shaped by both the wishes of traditional 

owners, the government and those of user groups (Chapter 1) (Lawrence, 2000; Morse 

et al., 2006).  A decrease in the area of freshwater habitat available may put pressure 

on those areas unaffected by saltwater intrusion.  More information is needed to 

determine the exact nature and scale of saltwater intrusion in Kakadu National Park, 

however it is likely that current delineations for use may need to be renegotiated if they 

are to continue to meet the needs of traditional owners, tourists, recreational fishers 

and conservation managers.  Good communication between groups and agencies will 

be crucial to facilitating a fair outcome.  

The construction of artificial levees may be needed to conserve some areas of 

freshwater wetland and this has been successful in some cases in the Mary River 

wetlands and Kakadu National Park (Australian Greenhouse Office, 2004).  However, 
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there are both financial and ecological costs involved in these methods which would 

need to be evaluated on a case-by-case basis.  Since rising sea levels is a global 

phenomenon which we have little power to stop locally, protecting those wetlands 

unaffected by saltwater intrusion will become increasingly important.   

Bayliss et al. (1997) comment in their Vulnerability Assessment of climate change upon 

the Alligator Rivers region that “the diversity of freshwater wetland biota on the present-

day subcoastal floodplains is a direct measure of the collective conservation capacity 

of... isolated refugia provided by billabongs and swamps.”  They assert the need to 

protect these habitats from the threat of weeds, cattle and feral animals if freshwater 

wetland-dependent species are to be conserved from sea-level rise.  Douglas et al. 

(2008) suggest that a conservation management response may also include relocating 

freshwater species threatened by saltwater intrusion to these refuge areas. 

Bowman (2008) and Allen Consulting Group (2007) suggest that since there are limited 

resources available for natural resources management, a ‘triage’ system is needed to 

establish which areas are most important for biodiversity and use, and which are least 

important to manage for the impacts of climate change.  This exercise could be useful if 

accurate information was available about which specific areas were to be affected by 

sea level rise.  However, it is potentially dangerous to mark particular areas as being 

‘expendable’ for managers if their value to freshwater biodiversity is not fully 

understood.  Instead, areas of high biodiversity and value to user groups should be 

prioritised in conservation plans.  Woinarski (2008) highlights the need to recognise and 

understand the nature of landscape change in Kakadu National Park before we define 

values and attributes we wish to maintain.  This allows us to then manage and monitor 

for desired outcomes or embrace these changes if they are beyond our control.    

Tourism and recreation 

In part because of their wildlife, the freshwater wetlands of Kakadu are an iconic 

representation of the ‘wildness’ and biodiversity of the region (Tremblay 2004, 2005; 

Director of National Parks, 2008).   The contraction of floodwaters to billabongs and 

small wetlands during the dry season means a great abundance and diversity of wildlife 

can be seen at one place as fauna are drawn to concentrated supplies of food and 

freshwater. The loss of significant amounts of wetland may affect the perception of the 

region as a place to experience abundant wildlife in a wild setting, particularly if Yellow 
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Waters at Cooinda is affected. A crucial question for the tourist industry is whether or 

not the popular Yellow Waters Billabong will be affected by saltwater intrusion.  Further 

modelling of the specific impacts of saltwater intrusion upon Kakadu National Park is 

currently underway which will hopefully provide a more detailed projection of which 

specific areas are more likely to be affected by saltwater intrusion (Bartolo, pers 

comms, 2008). 

The sight and sound of hundreds of magpie geese taking flight is often featured on 

nature documentaries, postcards and travel programs.  A decline in the abundance of 

magpie geese may mean that these large flocks of magpie geese may be reduced to 

smaller flocks spread out amongst those remaining freshwater wetlands.  Since 

abundant birdlife is a major attractor for tourists, this may reduce the attractiveness of 

the Kakadu wetlands. 

Tourists’ perceptions change over time, largely influenced by marketing and media 

such as magazines, television and films (Chapter 3). It is not known how tourists would 

respond to a decline in freshwater wetlands in Kakadu in the future, however this can 

be managed to an extent by marketing agencies (Boustead & Tremblay, unpublished 

data, 2009).  It is also important to note that it is likely many natural attractions around 

the world will be vulnerable to the impacts of climate change.  Therefore it is difficult to 

predict whether tourists will choose another destination over Kakadu based upon the 

loss of a significant proportion of its wetlands to mangroves and salt flats.  

Access to fishing areas will change with a rising sea level.   Recreational fishers have 

made it clear that they wish to maximise the number of access points to rivers and 

estuaries with increased road access and new boat ramps (Boustead & Tremblay, 

unpublished data, 2009).  It is important that recreational fishing is monitored so that it 

does not threaten the sustainability of fish or mud crab stocks or threaten the ability of 

traditional owners to access fishing grounds away from visitors and tourists. 

Traditional owners  

The wetlands are very important to Bininj as a source of food and place of ceremony.  

Traditional owners are concerned that accelerated saltwater intrusion caused by a rise 

in sea level will impact on access to and availability of traditional food sources.  The 

projected loss of Kakadu wetlands will threaten Indigenous cultural activities such as 
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turtle hunting, fishing and fire management.  Reduced access to freshwater wetlands 

may increase competition with other user groups.  The maintenance of these activities 

on country will depend on the conservation of freshwater wetlands away from tourist 

routes and recreational fishers, where traditional owners can hunt, fish and care for 

country.   

Magpie geese are an important food item for traditional owners.  A decline in their 

population due to loss of habitat will decrease the number of geese available for food.  

Other food items such as turtles, water lilies and water chestnuts may also be 

threatened by climate change because of their dependence on freshwater wetlands.  

The ‘Healthy Country, Healthy People’ report found that hunting and gathering on 

country was crucial to the physical and mental health of indigenous people (Garnett & 

Sithole, 2007).  Loss of important hunting grounds to saltwater intrusion may affect the 

health of traditional owners by decreasing access to cultural and land management 

activities.   

A significant decline in magpie geese populations may threaten the sustainability of 

magpie geese hunting for both traditional owners and recreational hunters.  Adaptive 

management tools such as hunting restrictions and bag limits are based upon the 

current estimated population of magpie geese (Delaney et al., 2008).  A decline in 

population may require authorities to reduce the length of hunting season, reduce bag 

limits or put an end to recreational hunting altogether.  The reduction in magpie goose 

habitat is likely to also limit hunting opportunities for traditional owners. 

  

6.4  Knowledge Gaps and Research Imperatives 

This thesis has reported that climate change will impact upon freshwater wetland 

systems, both directly through the impacts of sea level rise and indirectly through 

changes in habitat, environmental cues and interactions between species.  The 

potential flow-on effects of climate change are complex and difficult to measure.  The 

predictive power of climate models is limited by a lack of current climate, hydrological 

and ecological data (Finlayson, 2006; Bartolo et al., 2008; Bayliss et al., 1997).  They 

are also limited in their ability to predict the rate of future global greenhouse gas 

emissions and how we may respond to climate change in the future (Hennessy et al., 

2008).   As climate models are fine-tuned, research bodies such as the CSIRO and 
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IPCC will be able to make more accurate projections about the future climate.  

However, it is unlikely that there will ever be sufficient information to be certain.  It is 

recommended that user groups, policy makers and land managers of Kakadu National 

Park inform their management decisions and planning with the latest climate change 

projections.    Further research is needed to explore potential flow-on impacts of climate 

change for specific species.   

Better communication and information sharing between agencies will help to address 

these knowledge gaps.  As reported in Chapter 1, much research in the past has been 

somewhat haphazard, poorly communicated and poorly integrated.  Many user groups 

want more digestible information made available to them to help them respond to 

climate change (Boustead & Tremblay, unpublished data, 2009).  The ‘wicked’ nature 

of climate change requires a holistic response.  Institutional arrangements, cultural 

differences and politics can act as barriers to good communication and cooperation.  

Current researchers and research bodies should share information wherever possible 

and communicate this information regularly in an appropriate format to park managers, 

user groups and traditional owners. The current Department of Climate Change 

vulnerability assessment is an opportunity to do this, with the assistance of other 

agencies such as eriss and CSIRO.  This assessment may help to address current 

institutional arrangements so they are able to cope with the complex nature of climate 

change. 

It is known that sea level rise will cause saltwater intrusion of low-lying coastal areas, 

including large areas of freshwater wetland.  The scale and rate of saltwater intrusion 

remains uncertain.  Therefore, it is recommended that land managers prepare for the 

high-emissions scenarios outlined in this thesis. This may include revisiting current 

management plans and renewing a focus on controlling fire, pests and feral animals in 

wetland areas unlikely to be affected by saltwater intrusion, such as upstream 

billabongs and wetlands, which will remain vitally important to freshwater biodiversity 

conservation. 

Kakadu National Park is a World Heritage Area internationally recognised for the 

biodiversity of its estuarine and freshwater wetlands.  The threat posed to freshwater 

wetlands by a rise in sea level does not necessarily mean that Kakadu will not continue 

to be a place appreciated by both visitors and traditional owners for its abundance and 
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variety of wildlife.  Despite the lack of certainty in climate projections, climate change 

should be viewed as an opportunity to address current threats to Kakadu National Park, 

and minimise these threats where possible.  There is also an additional opportunity for 

park managers and tourism agencies to market Kakadu National Park to the world as a 

place to directly see the impacts of climate change upon landscapes.  As the Garnaut 

Report (2008) has shown (AAP, 2007), it is likely to be high profile case studies such as 

Kakadu which will capture the public’s imagination and place pressure on policy makers 

to take action to reduce global greenhouse gas emissions. 
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Appendix 1  

Source: Hennessy et al., 2008 

Projected changes in annual-average max. and min. temperature, sea-surface 

temperature (SST), number of days over 35°C (relative to 1971-2000 average of 151 

days), total rainfall, number of rain-days (above 1 mm) and heavy rainfall intensity at 

Jabiru (NT). Projections for 2020 are based on a mid-range emission scenario (A1B), 

while projections for 2050 and 2070 are based on low (B1) and high (A1FI) emission 

scenarios. The lowest and highest 10% of the range of model results (10th and 90th 

percentiles) are given for each scenario, along with the median (50th percentile). All 

projections are relative to the period 1980-1999, consistent with IPCC (2007). 

 2020 2050 2070 

 A1B B1 A1FI B1 A1FI 

 10 50 90 10 50 90 10 50 90 10 50 90 10 50 90 

Max 

temp 

(°C) 0.5 0.7 0.9 0.8 1.2 1.6 1.3 1.9 2.6 1.1 1.6 2.2 2.2 3.1 4.2 

Min 

temp 

(°C) 0.5 0.7 0.9 0.8 1.2 1.6 1.3 1.9 2.6 1.1 1.6 2.2 2.2 3.1 4.2 

No. 

days > 

35 C 

13.7 25.7 33.7 31.0 61.7 78.1 66.0 87.1 125.8 60.5 

77.5 112.6 

109.3 143.4 181.8 

Total 

rain (%) -4.6 -0.3 4.3 -8.0 -0.6 7.6 -13.2 -0.9 12.4 

-

11.0 -0.8 10.3 -21.2 -1.5 20.0 

No. of 

rain-

days -4.6 -0.2 2.0 -8.0 -0.4 3.4 -13.1 -0.6 5.6 

-

10.9 -0.5 4.7 -21.1 -1.0 9.1 

Heavy 

rainfall 

intensity 

(%) -0.4 3.4 7.5 -0.7 6.0 13.2 -1.1 9.8 21.6 -0.9 8.2 18.0 -1.8 15.8   34.7 

SST(°C) 

0.3 0.5 0.7 0.6 0.9 1.2 1.0 1.4 1.9 0.8 1.2 1.6 1.6 2.3 3.1 

 


