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How	  important	  is	  Northern	  
Australia	  for	  aqua:c	  biodiversity?	  





Source: Unmack (2001) J. Biogeog.,  
Pusey et al 2011, Kyne and Dostine 2011 

How many freshwater fish species in our major 
river systems? 

17%	  of	  Australian	  land:	  
	   	  >50%	  of	  fish,	  

	  65%	  of	  waterbird,	  
	  35%	  of	  frog	  species	  



New	  species	  s:ll	  being	  discovered!	  

Tiny	  toadlet	  
(Uperoleia	  micra)	  
	  
	  

Kimberley	  froglet	  
(Crinia	  fimbriata)	  
	  
	  



“New	  species”	  –	  Hyrtl’s	  CaSish	  

(Cook et al 2011) 



Management Program for the Magpie Goose (Anseranas semipalmata) in the Northern Territory of Australia 2009–2014 3

Figure 1: Current distribution of Magpie Geese in Australia and southern Papua New Guinea and 
West Papua (modifi ed from Barrett et. al. 2003 and Coates 1990).

1.5.2 Other States and Territories
The Magpie Goose is protected in all Australian States and Territories. It is listed as 
vulnerable in New South Wales (Threatened Species Conservation Act 1995), threatened in 
Victoria (Flora and Fauna Guarantee Act 1988) and endangered in South Australia (National 
Parks and Wildlife Act 1972).

1.5.3  Commonwealth
The Magpie Goose is a listed marine species under the Environment Protection and 
Biodiversity Conservation (EPBC) Act 1999. This means that the species has additional 
levels of protection on Commonwealth lands and limits the circumstances under which birds 
may be taken.

Export from Australia of any Australian native animal or its parts, requires a permit issued 
under the EPBC Act 1999. Permits may only be issued where the specimens are derived 
from captive-bred animals or taken in accordance with a management program declared in 
a notice published in a Commonwealth Gazette to be an approved management program. 
Offi cers of the Australian Customs Service and the Australian Federal Police enforce the 
EPBC Act 1999 in the Northern Territory.

E. R. Nye et al.30 Emu

Magpie Geese; we acknowledge that confirmation of currently
influential factors can be obtained only by appropriate mensu-
rative or manipulative experiments.

Results
A total of 3396 location records of Magpie Geese was collected
from all sources (Table 1), with most (91%) coming from the
period 1961–2002 owing to the intensity and coverage of the
Atlas of Australian Bird surveys that took place then. The rela-
tive paucity of records up to the Atlas surveys reflects the oppor-
tunistic and often anecdotal nature of reporting in the historical
literature. After careful review of the data to exclude all dupli-
cate records from the various locality sources that we used, 1271
independent and individual location records were left (Fig. 1). 

Literature review of distribution
Historical distribution, 1788–1920
The year 1920 was chosen as the cut-off date for the first

period of analysis as it appears that the Magpie Goose had
become extinct in south-eastern Australia near this time.

(1) Northern Australia. At the time of European settlement
(1788) and just after, Magpie Geese were most abundant on the
coastal plains of northern Australia (Leichhardt 1847; Campbell
1900; Le Souëf 1903; Carter 1904; Barnard 1914; Hill 1913;
White 1917), the Gulf of Carpentaria (Leichhardt 1847;
MacGillivary 1914) and the eastern Australian coast south to
about Brisbane (Gould 1865; Aflalo 1896; Broadbent 1910;
North 1914; Campbell and Barnard 1917; Wolstenholme 1925;
Diggles 1877). The breeding distribution before 1900 ranged
from north-western WA (Kilgour 1904) eastward around the
north and north-eastern coastline of northern Australia, and
along the east coast (McIlwraith 1903; Frith and Davies 1961).

(2) South-eastern Australia. The major inland breeding
range of Magpie Geese in south-eastern Australia was on the
large swamps of the lower Lachlan and Murrumbidgee Rivers
(Saville-Kent 1897; White 1912) and the confluence of the
Murray and Murrumbidgee Rivers (Gabriel 1892; MacGillivary
1897; Belcher 1910; Stone 1912, 1913; North 1914). Geese
bred in the hundreds in southern Victoria (Wheelwright 1861;
Petherick 1901; Belcher 1910; Pescott 1996), central-southern
Victoria (Broinowski 1885), and south-eastern SA (Frith and
Davies 1961; Eyre 1984;  Harper 1990). Vagrant individuals
occurred as far south as Tasmania (Petterd 1889; Legge 1905)
but they were never known to breed there.

On the east coast, Magpie Geese probably bred south at least
to Grafton and the Clarence River in north-eastern NSW (Jackson

1907), but there is some evidence that they may have bred south
of Sydney, on the Moruya River, near Broulee, on the south-
eastern coast (Bennett 1860). The species was certainly present,
and possibly breeding around Sydney (Lee 1925; Watling 1792,
quoted in Olsen 2001), and was abundant on the Hawkesbury
River (Gould 1865) shortly after European settlement.

Modern distribution, post-1920
Between 1921 and 1957 there is no record of Magpie Geese

in south-eastern Australia. At this time the breeding range
extended across the northern coast of Australia, and in the east
only as far south as Townsville in Queensland (Frith and Davies
1961). There were major concentrations of Magpie Geese in the
Townsville and Atherton districts, and pairs, small flocks and
isolated individuals occurred as far south as Rockhampton
(Lavery 1966; Bravery 1970). By 1974, flocks of 100 or more
resident Geese occasionally bred near Rockhampton (Longmore
1974, with scattered sightings being made near Brisbane and in
the Murray–Darling Basin (Blakers et al. 1984). Records from
the south-western Victorian coast and south-eastern SA during
this period were probably of Geese released at Bool Lagoon
Game Reserve, SA, in 1968, Serendip Sanctuary, Geelong,
Victoria, between 1964 and 1978, and Tower Hill Reserve,
Warrnambool, Victoria, in 1975 (see Reintroductions, below).
There is no evidence that Magpie Geese had been present in this
region for many years prior to the reintroductions (Lewis 1935).

In 1985, numerous goslings were recorded in the
Rockhampton district and, by 1989, the local population was
~2800 birds (Wilson 1992). Magpie Geese appeared in the
Lockyer Valley, west of Brisbane, around this time and have
increased steadily in abundance since (B. Jolly, personal com-
munication). North of the Richmond River catchment in NSW,
a flock of up to 80 Magpie Geese was present from 1982 to 1984
(Clancy 1985). Breeding was also recorded near Moree in this
period, and six other sightings were made at the Macquarie
Marshes in NSW (Clancy 1985). The species now breeds
successfully in the Macquarie Marshes after large floods
(R. T. Kingsford, personal observation).

Table 1. Number of location records for the Magpie Goose obtained 
from all sources per time period

Time period Number of records

1788–1900 78
1901–20 81
1921–40 42
1941–60 103
1961–80 1201

1981–2002 1891
Total 3396 Fig. 1. Location records (n = 1271 locations) for the Magpie Goose in

Australia, 1788–2002.

Magpie goose distribution 

Present  Past and present 

(Nye	  et	  al	  2007,	  Delaney	  et	  al	  2009)	  



Freshwater	  Sawfish	  	  



How	  secure	  is	  northern	  Australia’s	  
freshwater	  biodiversity?	  
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much of this, especially in Africa, comprises 
fragmented patches rather than extensive areas. 

By far the largest expanses of tropical savanna 
woodland remaining in good condition are 
in Northern Australia. Australia has more 
than 25% of the remaining savannas; no 
other country has more than 9%. Australia 
is also the only economically developed and 
politically stable nation containing extensive 
areas of tropical savanna. This combination of 
attributes makes Australian tropical savannas of 
very high conservation value at a global level.

This level of international importance of 
Australia’s tropical savannas is in contrast 
to that of Australia’s celebrated tropical 
rainforests, for which Australia contributes 
only about 1% of the world’s tally.2 

2  As of 1999, the extant area of tropical forest globally 
was estimated to be around 1,407,649 x 1.03 km2, 
while in Australia, it was estimated at 14,088 x 
1.03 km2 (see EarthTrends online database of the 
World Resources Institute; www.wri.org)

2  As of 1999, the extant area of tropical forest globally 
was estimated to be around 1,407,649 x 1.03 km2, 
while in Australia, it was estimated at 14,088 x 
1.03 km2 (see EarthTrends online database of the 
World Resources Institute; www.wri.org)

1   Jabiru on Gulf Country 
wetlands. Photo by 
Wayne Lawler 

2   Savanna grassland, Cape 
York Peninsula. Photo by 
Kerry Trapnell

FIGURE 4.2 OVERALL WORLD SAVANNA CONDITION
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World’s	  largest	  area	  of	  high	  quality	  
tropical	  savanna	  

(Woinarski	  et	  al.	  2007)	  



Least	  disturbed	  rivers	  in	  Australia	  
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From a continental perspective, it is clear that 
Northern Australia retains the largest expanses 
of intact rivers and catchments in the continent. 
Across Northern Australia, the land cover of most 
water catchments remains in relatively good 
condition and there has been little alteration 
to the flow regime from impoundments, flow 
diversions or discharges and levee banks. Natural 
river processes associated with hydrological, 
geomorphological and biological activity remain 
largely intact across most of Northern Australia, 
with profound implications for the conservation 
of biodiversity and associated natural values.

For Southern Australia, the general picture 
is of major degradation to river systems, with 
most rivers in poor condition. There remain 
some rivers with a high level of natural 
integrity, but these are largely restricted 
to some forested landscapes in mainland 
southern Australia and south-west Tasmania.

Any detailed assessment of the characteristics 
of the rivers of Northern Australia is hampered 
by the lack of suitable data. The Australian 
government undertook a data audit of Australia’s 
northern rivers, including associated wetlands, 
estuaries and floodplains within a catchment 
and land use context (NGIS 2004). One 
main conclusion was that information about 
water resources is limited and incomplete for 
large parts of remote Northern Australia. For 
example, data are insufficient to understand 
disturbance and point-source pollution in 
the region, existing riparian (river bank) 
vegetation data are at too coarse a scale, and 
spatial data about inland fish is lacking. The 
lack of fine-resolution data means that certain 
environmental impacts on river condition 
(including the impact of feral animals) could not 
be factored into the River Disturbance Index. 

The general picture of good condition of rivers in 
Northern Australia relative to those elsewhere 
on the continent is also supported by studies that 

FIGURE 4.6a  RIVER DISTURBANCE INDEX FOR AUSTRALIA

Class 1 indicates rivers and catchments with a relatively high level of natural integrity. Class 10 indicates rivers and 
their catchments that have been highly altered and disturbed by human activity, including water impoundment and 
diversion, and degradation of the catchment’s vegetation cover. 

LEGEND
River Disturbance Index

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

N

0 250 500 1000 km

Source: Updated version of continental analysis by Janet Stein and colleagues (Stein et al. 2002).

(Woinarski	  et	  al.	  2007)	  



Limited	  threats	  to	  biodiversity	  

maps reflect the central role of hydrology in spatially configuring
environmental impacts, with local stressor loads routed downstream
through digital river networks23 and adjusted for new sources and
dilution (Supplementary Methods and Supplementary Fig. 1).
Similar to an approach used for marine systems16,17, multiple stressors
were combined using relative weights to derive cumulative threat
indices. Stressors were expressed as 23 geospatial drivers organized
under four themes (catchment disturbance, pollution, water resource
development and biotic factors). Expert assessment of stressor impacts
on human water security and biodiversity produced two distinct
weighting sets, which in turn yielded separate maps of incident threat
reflecting each perspective.

We find that nearly 80% (4.8 billion) of the world’s population (for
2000) lives in areas where either incident human water security or
biodiversity threat exceeds the 75th percentile. Regions of intensive
agriculture and dense settlement show high incident threat (Fig. 1), as
exemplified by much of the United States, virtually all of Europe
(excluding Scandinavia and northern Russia), and large portions of
central Asia, the Middle East, the Indian subcontinent and eastern
China. Smaller contiguous areas of high incident threat appear in
central Mexico, Cuba, North Africa, Nigeria, South Africa, Korea
and Japan. The impact of water scarcity accentuates threat to dry-
lands, as is apparent in the desert belt transition zones across all
continents (for example, Argentina, Sahel, Central Asia, Australian
Murray–Darling basin).

Spatial differentiation of incident threat also arises from the inter-
action of multiple factors. China’s arid western provinces would be
expected to show high threat due to minimal dilution potential, but
sparse population and limited economic activity combine to keep
indices low. In contrast, heavily populated and developed eastern
China shows substantially higher threat, despite greater rainfall and
dilution capacity, especially within the Yangtze basin. Other large
rivers are incapable of fully attenuating the impacts of concentrated
development. Over 30 of the 47 largest rivers, which collectively dis-
charge half of global runoff to the oceans, show at least moderate
threat levels (.0.5) at river mouth, with eight rivers (for human water
security) and fourteen (for biodiversity) showing very high threat
(.0.75).

A strikingly small fraction of the world’s rivers remain unaffected
by humans. Remote areas of the world including the high north
(Siberia, Canada, Alaska) and unsettled parts of the tropical zone
(Amazonia, northern Australia) show the lowest threat levels.
Across remote areas (Fig. 1), incident threat arises largely from
trans-boundary atmospheric pollution. A mere 0.16% of the Earth’s
area experiences low scores for every contributing stressor (that is,
lowest decile globally).

Upstream–downstream transects of incident threat yield signatures
of human water security or biodiversity conditions unique to each
river that arise from the action of hydrology and networked flow paths
(Fig. 2). Such transects highlight the diversity of stressors in river

No appreciable !ow

No appreciable !ow

0.2 0.6
0.4 0.80

1

Incident human water
security threat

0.2 0.6
0.4 0.80

1

Incident biodiversity
threat

Figure 1 | Global geography of incident threat to human water security and
biodiversity. The maps demonstrate pandemic impacts on both human water
security and biodiversity and are highly coherent, although not identical
(biodiversity threat 5 0.964 3 human water security threat 1 0.018; r 5 0.97,
P , 0.001). Spatial correlations among input drivers (stressors) varied, but were

generally moderate (mean | r | 5 0.34; n 5 253 comparisons). Regional maps
exemplify main classes of human water security threat (see main text and
Supplementary Fig. 4). Spatial patterns proved robust in a variety of sensitivity
tests (Supplementary Methods and Supplementary Discussion). Threat indices
are relative and normalized over discharging landmass.
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(Vorosmarty	  et	  al	  2010	  Nature)	  



Para	  grass	  

Cane	  toad	  Feral	  pigs	  

Established	  threats:	  Exo:cs	  

Exo,c	  fish	  



Emerging	  issues:	  Sea	  level	  rise	  



Coastal	  development	  

Emerging	  issues	  

Mining	  



•  55 catchments  
•  50% of Australia’s river flow 
•  <0.02% of water diverted 

 



TRaCK	  -‐	  Research	  to	  support	  river	  and	  estuary	  management	  in	  northern	  Australia	  





9/27/11 Tony Abbott's plan for northern foodbowl | The Australian

1/3theaustralian.com.au/national-affairs/…/story-fn59niix-1226139412448

The Australian
National Affairs

Tony Abbott's plan for northern foodbowl
by: Sid Maher
From: The Australian
September 17, 2011 12:00AM

Source: The Australian

THE Coalition is developing an ambitious plan to double Australia's agricultural production by the
middle of the century through a network of new dams in the Top End, which would open up millions of
hectares of under-utilised land to food production.

A Coalition policy development taskforce headed by opposition finance spokesman Andrew Robb is eyeing
projects across the Top End, including the third stage of the Ord River project in Western Australia and the
Daly River in the Northern Territory, and developing dams that have been on the drawing board in far north
Queensland on the Gilbert and Flinders rivers.

While Mr Robb said the policy was a "work in progress", it promises to reignite a development-versus-
environment war in the north and further inflame tensions between the Coalition and the Greens.

Queensland's Liberal National Party, which is on track to win a state election due by next March, is already
developing plans to greatly expand cropping and double food production from the state by 2040.

LNP leader Campbell Newman yesterday told the annual general meeting of producers' organisation AgForce
that an audit of Queensland pasture and mine buffering zones would identify areas where more food could be





Is	  it	  just	  a	  maaer	  of	  :me?	  
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From a continental perspective, it is clear that 
Northern Australia retains the largest expanses 
of intact rivers and catchments in the continent. 
Across Northern Australia, the land cover of most 
water catchments remains in relatively good 
condition and there has been little alteration 
to the flow regime from impoundments, flow 
diversions or discharges and levee banks. Natural 
river processes associated with hydrological, 
geomorphological and biological activity remain 
largely intact across most of Northern Australia, 
with profound implications for the conservation 
of biodiversity and associated natural values.

For Southern Australia, the general picture 
is of major degradation to river systems, with 
most rivers in poor condition. There remain 
some rivers with a high level of natural 
integrity, but these are largely restricted 
to some forested landscapes in mainland 
southern Australia and south-west Tasmania.

Any detailed assessment of the characteristics 
of the rivers of Northern Australia is hampered 
by the lack of suitable data. The Australian 
government undertook a data audit of Australia’s 
northern rivers, including associated wetlands, 
estuaries and floodplains within a catchment 
and land use context (NGIS 2004). One 
main conclusion was that information about 
water resources is limited and incomplete for 
large parts of remote Northern Australia. For 
example, data are insufficient to understand 
disturbance and point-source pollution in 
the region, existing riparian (river bank) 
vegetation data are at too coarse a scale, and 
spatial data about inland fish is lacking. The 
lack of fine-resolution data means that certain 
environmental impacts on river condition 
(including the impact of feral animals) could not 
be factored into the River Disturbance Index. 

The general picture of good condition of rivers in 
Northern Australia relative to those elsewhere 
on the continent is also supported by studies that 

FIGURE 4.6a  RIVER DISTURBANCE INDEX FOR AUSTRALIA

Class 1 indicates rivers and catchments with a relatively high level of natural integrity. Class 10 indicates rivers and 
their catchments that have been highly altered and disturbed by human activity, including water impoundment and 
diversion, and degradation of the catchment’s vegetation cover. 

LEGEND
River Disturbance Index

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

N

0 250 500 1000 km

Source: Updated version of continental analysis by Janet Stein and colleagues (Stein et al. 2002).Limitless	  poten:al	  =>	  	  
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Will	  we	  make	  the	  same	  mistakes?	  

•  A	  beaer	  understanding	  of	  the	  impacts	  



Total	  risk	  from	  threats	  to	  rivers	  

(Close	  et	  al.	  2011)	  



Fish species richness 

Fish species endemism 

Fine-scale patterns of  
fish species richness and endemism 

in northern Australia 



Dave Wilson 

Neil Armstrong 

Dave Wilson (Kennard, Pusey, Burrows, Stein, et al. 2011) 

% Diadromous
<5

10

15

20

25

30

>30

% migratory fish 
species 

Which river systems would be 
most affected by dams? 

Fish sampling site 



Barramundi	  catch	  and	  annual	  flow	  

3 year moving averages with 
4 year lag (R2=0.81) 

Robbins	  et	  al	  (2006)	  Marine	  and	  Freshwater	  Research	  



Connected	  river	  systems	  support	  
fisheries	  

	  Where	  did	  that	  fish	  grow?	  

River 
20% 

 Floodplain 
35% 

 

Estuary 
45% 

 

Jardine	  et	  al	  (2011)	  Oecologia,	  J.	  Animal	  Ecol.	  
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Will	  we	  make	  the	  same	  mistakes?	  
•  A	  beaer	  understanding	  of	  the	  range	  of	  
values	  









People	  value	  tropical	  rivers	  for	  many	  reasons	  

 Zander and Straton (2010) Ecological Economics  
 Zander et al. (2010) Journal of Environmental Management 

      Zander et al. (2013) PLOS ONE 

Most	  important	  management	  issue	   Responses	  
(%)	  

Preserving	  for	  biodiversity	  &	  natural	  habitat	  	   40	  

Preserving	  rivers	  for	  the	  people	  who	  live	  there	  
and	  visitors	  	  

20	  

Producing	  food	  for	  Australia	  	   30	  

Developing	  northern	  Australia	   6	  

Providing	  food	  for	  the	  world	  	   4	  



Will	  we	  make	  the	  same	  mistakes?	  

•  A	  beaer	  understanding	  of	  the	  trade-‐offs	  



Indicator	  
(c.f.	  to	  2006)	   5%	  Agriculture	  
Indigenous	  	  
income	  

é  6%	  
	  

Non-‐Indigenous	  	  
income	  

é 12%	  
	  

Discharge	   ê 65%	  
	  

Op:mal	  fish	  habitat/
wild	  harvest	  

ê 89%	  
	  

Stoeckl	  et	  al	  (2013)	  Biological	  Conserva:on	  

Future	  development	  scenarios	  (30	  years)	  
Management	  Strategy	  Evalua,on,	  Daly	  River	  



Will	  we	  make	  the	  same	  mistakes?	  

•  A	  beaer	  understanding	  of	  the	  impacts	  
•  A	  beaer	  understanding	  of	  the	  range	  of	  
values	  

•  A	  beaer	  understanding	  of	  the	  trade-‐offs	  
•  There	  is	  s:ll	  :me	  to	  get	  it	  right!	  



Will	  we	  make	  the	  same	  mistakes?	  

•  A	  beaer	  understanding	  of	  the	  impacts	  
•  A	  beaer	  understanding	  of	  the	  range	  of	  
values	  

•  A	  beaer	  understanding	  of	  the	  trade-‐offs	  
•  There	  is	  s:ll	  :me	  to	  get	  it	  right!	  
• Will	  we	  have	  the	  poli,cal	  will	  to	  make	  
beTer	  decisions?	  



Kakadu	  &	  climate	  change	  	  


