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PREFACE

Wetlands are among the most productive and diverse, yet seriously threatened, of all ecosystems on 
our planet.  They support an immense abundance of water plants, invertebrates, fish, amphibians, and 
birds.  In many parts of the world they provide important food supplies and other necessary resources.  
Everywhere, they are essential for human well-being through the range of ecosystem services they 
provide.
   The diversity of freshwater habitats in Australia is immense, from the main river channels and 
anabranches to billabongs and temporary floodplain wetlands and the many forms of upland wetlands. 
Few wetlands are permanent. Mostly, they flood when it rains adequately and dry when evaporation 
rates exceed rainfall. Patterns of flooding may be regular and in many cases, annual, but they may also 
be highly irregular and infrequent. This presents immense challenges in describing and classifying them, 
and in some more remote areas, even in discovering them. The task of understanding their ecological 
functioning is even greater as is that of managing them wisely.  The rate of loss of wetlands has already 
been high; New South Wales, it has been estimated that as much as 50% of the wetland area has been 
lost over the past 40-50 years 
   In November 2006, the Fivebough and Tuckerbil Wetlands Trust, in partnership with the Murrumbidgee 
Catchment Management Authority and Leeton Shire Council and supported by several sponsors held 
a two-day conference on the wetlands of the Murrumbidgee River. The aim was too highlight the 
diversity of the wetlands and the challenges and solutions for their management.  Over 150 people 
participated, providing a lively and highly informative discussion. The wetlands of the Murrumbidgee 
are set in a matrix of productive farmland, most of it irrigated.  It is an environment in which people 
live and make a living.  The challenge for the future will be to find ways to ensure that livelihoods and 
wetland conservation move ahead together successfully.
   The papers in these proceedings derive from oral or posters presentations given at the conference.  
We hope that the event and this publication will stimulate more research and the continued application 
of that research to improve our management of wetlands. Just as importantly, we hope that it continues 
to encourage discussion and the exchange of ideas among scientists, managers, landowners and the 
general public on what must be one of the most important challenges facing the region.
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FOREWORD

Wetlands and Landscapes – 25 years on

It’s not unusual nowadays to hear that the basis of wetland management has changed a lot with 
conservation being balanced alongside strategies for multiple land use. These concepts though are not 
new – they have been around for much of the past 30-40 years. What is seemingly new is the wider 
acceptance that conservation and other land use interests can find common advantage by cooperating 
rather than maintaining previously established battle-lines. This does not mean that the battle-lines have 
been abandoned, nor redrawn. The battles continue, but we also seem to have more mature citizens who 
seek common goals and benefits through working in unison. 

A major part of working in unison is an acceptance that the past has a legacy that challenges not 
only the social structures and economic networks that support our combined livelihood, but also the 
foundations of our future. Am I just being melodramatic? Perhaps, but let us explore this further. While 
we do this please be conscious that my position is that contemporary land management in Australia’s 
rural landscapes needs to be reassessed and readjusted with potential beneficial repercussions. I purport 
that the benefits are there, but unlikely to be realized without adjustment of the operating systems. 

At a global level there has for 30-40 years been a focus on the wise use of wetlands and more recently 
an explicit focus on the role of wetlands within landscapes and for supporting human livelihoods. The 
philosophical base is established, but with seemingly less local implementation. Some 20 years ago 
there were few ecologists or aquatic scientists embedded within the agricultural research structures that 
have served our country’s development goals. This has changed, but slowly. Formerly, the role of the 
small number of ecologists was limited - it was not directed towards what we now see as integrated 
analysis of the ecological elements of the landscape that are necessary for supporting agricultural 
production. It was not that long ago that ecology was seen as separate from agriculture and water 
management. The evidence is available that this was a mistake. As our ecological science has advanced 
and intersected with other branches of science we are aware that we are pushing the resource base too 
far – it is being pushed into scenarios of non-linear and near-irreversible ecological change, and with 
negative feedbacks on agriculture. 

The adoption of wise use has been the philosophical base of the Ramsar Convention on Wetlands 
since 1971. However, we have not heeded the message and at times elements within our governance 
have not helped. We could spend a lot of time discussing this, but in terms of the current workshop 
and your local efforts this is possibly not the best use of the occasion. What I would rather like to 
stress are the benefits that could accrue if you were able to embellish your current ideas and goals with 
the best of national and international knowledge and wisdom about wetlands. And in doing this look 
at how we contend with the ecological fragmentation that we have established across our landscape 
and, when considering river systems, between landscapes? How do we contend with the species loss 
or displacement that now characterizes many of our valued wetlands? The wetlands themselves have 
changed – the changes in salinity and water balances are expressed in the vegetation changes. Some of 
this is readily seen by looking at the names of wetlands on old maps. In other cases it is harder to discern 
even with the benefits of local knowledge and contemporary scientific measurement. 

At the same time as we are recognising the inter-connectedness of our landscapes we are being 
asked to look at wetlands and rivers as complex systems that support our species biodiversity and the 
many ecosystem services that underpin wider human well-being. In doing this we need to understand 
the ecological components and processes that support wetlands and which at the same time support the 
productive capacity of our agricultural systems. One move could be to consider agriculture as a part of 
the ecological landscape. This again is not a new idea, but it is much resisted. 
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As we face the problems of today within an increasingly global economy we need to look for social 
and institutional responses that can contend with multiple and intrinsically more difficult ecological 
problems. Global climate change is amongst these. Given the outcomes of our past land management 
we would surely be foolish not to act now and seek adaptation to climate change though transparent 
institutional processes. Global climate change is not just an ecological phenomenon – it is a social 
phenomenon and will exacerbate many of our past mistakes in addressing wetlands and the wider 
landscape. As we adapt to the consequences of climate change we may do worse than further integrate 
our ecological and agricultural knowledge sets. If we do this we may be better able to face the pressures 
we already have and expect to intensify under climate change, such as those imposed by water availability 
and by invasive species.

In conclusion I’d like to move beyond the philosophical to the more pragmatic. Twenty-five years 
ago when I was one of the small number of ecologists inside the agricultural research structure within 
CSIRO and based in Griffith, I was dismayed at the strictures that governed our research – ecology was 
not seen as necessary. Today I believe this situation has changed for the better. This is witnessed by the 
local examples shown through the Fivebough experience and by the wider experiences nationally and 
internationally involving Australian scientists; bringing these even close together could only have more 
benefits and lead to the removal of the remaining strictures. You may see Fivebough as a local event 
only, but its significance could be greater. Twenty-five years ago we did not envisage the Fivebough 
experience – can we extend this and look back in 25 years time with even more pride? 

Max Finlayson

Principal Scientist - Wetland Ecology, International Water Management Institute, Colombo, Sri Lanka
Member of the Ramsar Convention’s Scientific and Technical Review Panel, 1993-2008
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Murrumbidgee Wetlands and Wiradjuri People

Jim ingram�, geoffrey SimpSon2 and patricia murray2

1 Wiradjuri Elder; and 2 Murrumbidgee Catchment Management Authority, PO Box 5224, 
Wagga Wagga, NSW 2650, Australia

Abstract: Wiradjuri elder, Jim ingram, gave an account of his interaction with the murrumbidgee
River and floodplain wetlands within his country from Berembed Weir down to Waddi.  This is a 
specific example relating to Jim’s experiences and his portrayal of traditional and contemporary land 
management practices within the Narranga language group of the Wiradjuri tribe.  This account includes 
social and cultural practices, food sources and specific locations where his family used important features 
of the landscape.  This landscape had already changed by the time he was born because Burrinjuck Dam 
had come into operation in 1921.  Jim is one of the few Narranga people with traditional knowledge.  
Jim was born on the banks of the Murrumbidgee River and led a semi-traditional lifestyle as a young 
boy including traditional spear fishing and hunting.  Jim is passionate about his culture and still sees it 
as part of his everyday life. 

INTRODUCTION

Wiradjuri elder, Jim Ingram, was born in 1935 in 
a small house on the banks of the Murrumbidgee 
river at narrandera, new South Wales, in an 
area known as The Bottom Sandhills.  At the 
time of his birth the murrumbidgee river 
was already regulated with Berembed Weir 
(1913) ,Yanco Weir (1927) and Burrinjuck 
Dam (1928) in operation.  Jim is a member of 
the Narranga language group of the Wiradjuri 
Tribe whose territory ran from Berembed Weir 
near narrandera to Waddi near darlington 
Point, New South Wales. He led a semi-
traditional lifestyle as a boy, but engaging in 
cultural activities was discouraged for fear of 
being taken away from their families.

this is a record of a conversation Jim had with 
the authors.

Jim tells us about the river

In the Narranga language ‘Murrum’ means 
hand ‘bidja’ means lord or master. Combined 
the word murrumbidja meant the hand of the 
lord that fed our people.  There was plenty 
of food in the river – fish, yabbies, lobsters, 
mussels.  When the river flooded we went 

to the wetlands.  There were gilgai holes, 
swamps and lakes.  Lake Mejum filled from 
the overflow of Mirool Creek flooded and 
covered a large area all the way to Paynters 
Siding. Waddi was the word for ‘bog hole in 
river’.

The water in the river was very clear, you 
couldn’t tell how deep it was and we use to 
drink the water straight out of the river.  One 
time me brother, dennis, and i were at the 
river.  He fell into the river and hit his head 
on a log in the river and knocked himself out.  
I jump into the river to save him thinking the 
water was only waist deep but the water went 
over my head.  I did save my brother.  Other 
times when we were fishin’ we could see the 
tail of fish swimming along the edge under 
rocks and logs so we were able to spear them 
easily.

Harvesting food and managing the river

Did you use fire along the river?

No, fire was not used along the river so much; it 
was more for out on the hills.  We would burn the 
scrub to burn the excess foliage off.

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006
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Did you use nets to catch fish, or fish traps?

We would sometimes make the water muddy 
and the fish would swim away from the muddy 
water to clear water.  This would make the fish 
group into a smaller area that they were easier 
to catch.

When the flood receded all the deep water holes 
would fill up.  We would make a net with wire in 
it.  We would then walk along the river and put 
the net over fish and catch them that way.

How did you catch lobster?

You would put your fingers in the water.  He 
would put his feelers out.  You would grab the 
feelers and pull him out of the water.  

Did you ever see big fish in the river and eat 
them?

We saw big fish, but we never ate them. They 
were left for the breeding stock. They were too 
big to eat all at once.  We never took more than 
what we needed.

Did you ever dry fish or save fish for the next 
day?

No we only caught what we needed. Food was 
always fresh.  It was shared amongst families; 
any extra you caught was shared with others who 
didn’t have enough. There was always enough 
food in the river for us.

You mentioned honey on your cakes, how did you 
find the honey?

We caught a bee and stuck a feather on him then 
followed him through the scrub to his hive.  We 
didn’t wear any clothes when we were following 
bees, it would get caught on things.

Use of plants and animals

What sort of plants did you use and how did you 
use them

We used bamboo (probably Phragmites) for 
spearing fish.  This was good because the bamboo 

spear would come to the surface and the fish 
would come with it.

Cumbungi was used for food.  You would pull 
out the root and peel the root like an onion.  We 
would eat the bottom bulb. What did it taste like? 
It tasted terrible.

Mistletoe fruit was very good.  It tastes like sweet 
oysters.

Women gathered wattle seed.  The seeds were 
crush, ground up and made into cakes by adding 
water.  They looked like Lebanese bread.  Were 
any of these saved for the next day? No they were 
all eaten on the same day they were made.  

Women also gathered seed from foxtail, wild oats, 
Noogoora Burr.  These were ground and made 
into bread.

Smartweed (Waterpepper – Persicaria hydropiper) 
was used to keep fleas off people and dogs.

old man weed (Sneezeweed – Centipeda 
cunninghamii) was used for cuts, sores, headaches 
and stomach aches.  It was chewed and better if it 
came from higher country.

What animals did you use and how did you use 
them?

There were two types of grub from the same moth. 
Some eggs were laid in trees others in ground. 
the grubs that came out of the ground were called 
‘dooby’ or ‘bardi’ grubs; the ones from trees were 
‘witchetty’ grubs.

Sometimes we ate porcupine (echidna) from 
Leeton hill.  You could only eat one. Eat more than 
one and you would go to the toilet a lot.

There were three types of goanna.  The big fella 
was okay if he was living in tree, while on the 
ground he too much of a scavenger.  The other one 
was a little fast goanna, made burrow in ground 
(probably sand goanna).  We would did hole, 
make a fire and then put into the ground.

We sometimes ate catfish from Mirool Creek.  
They had to be soaked for three days before we 
could eat them. 

Jim ingram, geoffrey SimpSon and patricia murray
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Possum skins were used to make bags and 
cloaks.

How did you harvest the honey and did you 
use the wax for anything?

We would squeeze the honey out of the comb 
and make the wax into a ball for use in making 
string. We would use the wax in making rope.  
Some rope was made by spinning grass and 
our hair together; the bee wax was rubbed 
onto the rope to make it strong.  Honey was 
stored in string bags or water rat skin bags.

How were bags made?

Bags were made from animal skins.  The extra 
fat was carved off the skin, and then the skin 
was soaked in wattle seed water.  The cotton 
to sew the bags together was made out of 
kangaroo sinew.  The needle was a fish bone.  

Were there animals that you would never eat 
or use?

We never ate koala or wombat.  People could 
not eat their totem.  I could not kill or use a 
Red Kangaroo or Magpie. The Red Kangaroo 
was my mother’s totem; the magpie was my 
mother’s father’s totem.  Totems are there 
to protect and guide. You mother carries the 
totem.  I could eat Eastern Grey Kangaroo.  
What about lizards besides goanna?
Sometimes we would eat blue tongue, but only 
if you had too.  It tasted very bad!!!  Did you 
ever eat platypus? No.  There was never any 
fish around when platypus were close by.

                                                           

The future for the river.

What would you like to see in the future for 
the river?

We, all of us, white fella and Wiradjuri need 
to work together.  We need to plant trees, 
encourage bird like, better grazing of the land, 
use local plant species – not cotton or rice! 
Everyone is responsible for the land.  If we 
don’t look after our country we won’t have it. 

We have only one  river, when it is gone, we 
have nothing.

MURRUMBIDGEE WETLANDS AND WIRADJURI PEOPLE
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INTRODUCTION

The Murrumbidgee River is the third longest 
river in the Murray Darling Basin (Australian 
Government 2006).  It starts in the Southern Alps 
and flows westward for 1600 kilometres before 
joining the Murray River west of Balranald.  The 
average annual flow of the Murrumbidgee River 
is 4.4 million megalitres (4,400 GL) (NSW 
DLWC 1996b; Murrumbidgee CMA 2006). The 
catchment has one of the most diverse climate 
and vegetation communities in New South 
Wales (NSW DLWC 2003) 

The catchment consists of 84,000 square 
kilometres (8.4 million hectares) and has 
dramatic changes in its topography (NSW 
DLWC 2003).  The catchment to Gundagai 
(upper) has major changes in altitude that 
translates into large changes in stream gradient 
for the Murrumbidgee River.  Downstream 
of Gundagai the topography flattens and the 
stream gradient is relatively low.  The middle 
section from Gundagai to Narrandera has the 
Murrumbidgee floodplain still restricted within 
a bedrock-confined valley.  The lower catchment 
below Narrandera sees the river enter the low 
gradient Riverine Plain (Page & Frazier 2000). 
Below Hay the Murrumbidgee River spreads 
out over a broader floodplain prior to entering 
the Murray River west of Balranald, New South 
Wales.    

Wetlands cover approximately 4% of the 
catchment area. A single definition of wetlands 
is difficult because they vary widely and are not 
a coherent group of natural structures (McComb 
& Lake 1990).  Under the NSW Wetlands 
Management Policy 1996 (NSW DLWC, 1996) 
wetlands are defined as land that is inundated 
permanently or temporarily with water that is 
usually shallow, slow moving or stationary.  
Wetlands can be saline, fresh or brackish.  This 
definition is similar to the Ramsar Convention 
definition, but the Ramsar definition also includes 
rivers, streams and lakes (Ramsar 2002b).  

The USA EPA (2006) defines wetlands as areas 
with soils and plant and animal communities that 
develop from the presence of water of varying 
duration. This definition suggests processes and 
environmental factors that develop and support 
wetlands.  Environmental factors include regional 
and local differences in soils, topography, 
climate, hydrology, water chemistry and 
vegetation, but the duration of inundation is the 
main determinant for the development of wetland 
soils and the plant and animal communities it 
supports.  This latter definition best summarises 
the context of wetlands in the natural landscape.  
For the purpose of this paper, a wetland will be 
defined as any area in the landscape that has soils 
developed from varying lengths of waterlogging 
and the special biological communities supported 
by that soil.

Wetlands of the Murrumbidgee River Catchment, New South Wales

PATRICIA A. MURRAy
Murrumbidgee Catchment Management Authority, PO Box 5224, Wagga Wagga, NSW 2650, 
Australia (Email: pat.murray@cma.nsw.gov.au)

Abstract: Wetlands are among the world’s most productive but degraded ecosystems and are estimated 
to contribute US $4.9 trillion annually in ecosystem services world wide (Ramsar 2002a).  Like other 
parts of the world, wetland health  in New South Wales and the Murrumbidgee Catchment have declined, 
mainly from impacts of development for urban, agricultural and irrigation water use.  To manage 
wetlands effectively it is important to know their extent, quantity, quality and the factors compromising 
their condition.  This paper is a summary of existing information on the number and distribution of 
wetlands in the Murrumbidgee Catchment and the main factors affecting their ecological integrity.

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006
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DISTRIbUTION AND exTeNT Of 
MURRUMbIDgee WeTlANDS

Murrumbidgee wetlands in the context of New 
South Wales

Murrumbidgee wetlands cover an estimated 
370,000 hectares, accounting for 8% of the 
estimated 4.5 million hectares of wetlands in 
New South Wales (Whitaker 1998; DLWC, 
2002; Kingsford et al. 2003).  This wetland 
area comprises about 4% of the Murrumbidgee 
Catchment. 

The exact number of wetlands in the 
Murrumbidgee Catchment is unknown, but a 
rough estimate from studies done to date indicates 
that there are approximately 2,000 wetlands.  This 
is probably an under estimation due to lack of 
documentation of wetlands between Gundagai 
and Hay that are not connected to a stream system.  
These wetlands are still important because they 
provide valuable habitat for aquatic species, 
sometimes when floodplain wetlands are dry.  By 
capturing and retain local run-off they control 
erosion and act as sediment and nutrient sinks. 

Thirty-nine Murrumbidgee wetlands are listed 
as Significant in the 3rd Edition of A Directory of 
Important Wetlands in Australia (Environment
Australia 2001). Twenty- six occur in New South 
Wales with the remaining 13 occurring in the 
Australian Capital Territory (ACT).  Collectively 
these wetlands cover 207,789 hectares or 2.5% 
of the Murrumbidgee catchment.  Two wetlands, 
Fivebough and Tuckerbil Swamps near Leeton, 
have been listed under the RAMSAR international 
convention (Environment Australia 2001).  

Wetlands in the upper catchment

In the catchment between Burrinjuck Dam and 
Gundagai, 299 wetlands (outside State Forests 
and National Parks) have been identified using 
aerial photographs (Webster & Davidson 2003).  
These wetlands cover approximately 2,200 
hectares.  Over 50% of these wetlands are 
between 1 and 5 hectares in size (Fig. 1).   Most 
(32%) are waterlogged, shallow depressions, 
hanging swamps or former river channels.  In this 
reach 11 wetlands have been listed as nationally 
significant (Environment Australia 2001).
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fig. 1.  Frequency distribution of size (ha) of wetlands (greater than 1 ha) in the upper catchment, n = 
280 (data from Webster and Davidson 2003). 

DISTRIBUTION AND ExTENT OF MURRUMBIDGEE WETLANDS



�

0

20

40

60

80

100

120

140

160

>1-5 >5-10 >10 - 15 >15 - 20 >20-50 >50 - 100 >100 - 335

Size (ha) category of wetlands

N
um

be
r o

f w
et

la
nd

s

Wetlands in the middle and lower catchment

Approximately 1,600 floodplain wetlands have 
been identified between Gundagai and Hay using 
satellite imagery of flood events between 1989 
and 1997 (Frazier 2001). These wetlands rely 
mainly on floodwaters from the Murrumbidgee 
River to fill, but some, particularly those further 
out on the floodplain where the topography begins 
to rise, fill mainly from local runoff.  The middle 
and lower sections have 15 nationally significant 
wetlands including the mid-Murrumbidgee 
floodplain wetlands, the broad floodplains of the 
lower Murrumbidgee River and lower Mirool
Creek (Environment Australia 2001).  

The wetlands identified by Frazier (2001) 
comprise an area of approximately 5,816 hectares, 
with about 50% (679) of these being one hectare 
or less in size (Fig. 2).  This group of wetlands 
smaller than a hectare may include a number of 
farm dams.  Of the remaining wetlands, 75% are 
1 to 5 hectares in size (Fig. 2). 

The wetlands of the lower Murrumbidgee
floodplain comprise an area in excess of 300,000 
hectares (4% of catchment area) (Bales 2003).  
Wetlands in this region form a complex of 

interwoven interconnected channels rather than 
the discrete billabongs found further up the 
catchment towards Wagga Wagga.  

MURRUMbIDgee WeTlAND CONDITION

Very little published information exists on the 
environmental condition or impacts on wetlands 
in the Murrumbidgee catchment.  There have 
been some thorough studies of wetland condition 
and quality, but these have been on a relatively 
small number of wetlands, approximately 200.  
These studies include the Webster and Davidson
(2003) study of upper wetlands, studies by 
Whitaker’s (1996) and Briggs et al. (1994) of 
mid-Murrumbidgee wetlands and Harrison 
and Roberts (2005) study of wetlands in the 
Murrumbidgee Irrigation Area (MIA). 

Wetlands in the upper catchment

Webster and Davidson (2003) surveyed 71 
(23%) of the 299 wetlands identified from aerial 
photographs in the upper catchment.  All of the 
identified wetlands were reported as having 

Fig. 2.  Frequency distribution of size (ha) of floodplain wetlands (greater than 1 ha), n = 740  (data 
from Frazier 2001).
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undergone some impact.  Seventy percent had 
undergone minor or moderate change but were 
still considered worth rehabilitation.  

Wetlands in the middle and lower catchment

In the mid-Murrumbidgee catchment a number 
of studies have occurred.  Whitaker (1997) 
identified eight wetlands of high environmental 
quality during her survey of point source 
pollution of 81 wetlands between Wagga Wagga 
and Hay.  Although many had been affected by 
pollution they still retained valuable habitat 
and were in relatively good condition.

A study by Thornton and Briggs (1994) 
concentrated on hydrological changes and its 
effect on wetland bird breeding habitat in 96 
river red gum wetlands between Wagga Wagga 
and Hay. They suggested that the present water 
regime was compromising the health of the 
river red gum as evidenced by declining tree 
health from being either too wet, too dry and 
no recruitment for future habitat.

More recently, the NSW Department 
of Natural Resources have monitored 
approximately  40 billabong sites under the 
NSW Government  Integrated Monitoring of 
Environmental Flows (IMEF) Program (15 
wetlands) and rapid appraisal program (17 
wetlands).  In addition, the Department have 
determined commence to fill river heights 
information on a further 100 floodplain 
wetlands (Unpublished data).  Frazier’s 
(2001) analysis of flood events also assisted in 
estimating the commence to fill levels of 1,600 
floodplain wetlands.  Some of the commence 
to fill data of Frazier’s can be verified by 
previous work done by NSW Department of 
Natural Resources.  

Murrumbidgee Irrigation recently undertook 
an information inventory for 36 wetlands in the 
eastern part of the Murrumbidgee Irrigation 
Area (Harrison and Roberts 2005).  It is 
one of the more comprehensive information 
inventories on individual wetlands in the 
catchment.   Included in the information 
is the condition of 17 wetlands using the 
rapid appraisal technique of Spencer et al
(1998).  Fourteen of the 17 wetlands assessed 

had conditions score between 50 and 80%, 
suggesting that many were still in reasonable 
ecological condition.

IMPACTS ON WeTlANDS AND
IMPlICATION fOR MANAgeMeNT

World wide wetlands have been impacted 
by: alteration in their hydrology (surface and 
groundwater), decline in water quality, invasion 
of weeds, soil disturbance from grazing and 
development within or near wetlands (Green 
1997; Bunn 1999).  These same impacts are 
compromising the health of wetlands in the 
Murrumbidgee catchment (Expert Panel 
2000). To ensure that the wetlands within the 
Murrumbidgee remain functional these impacts 
need to be managed. 

Changes in wetland hydrology

All of the Murrumbidgee studies noted so far 
have mentioned changes in wetland hydrology 
as a major impact.  The type of changes to 
wetland hydrology depends on their location in 
the landscape.

Off floodplain wetlands in the mid and lower 
catchment and those in the upper catchment 
can have their hydrology altered by changes 
to overland flow and groundwater extraction 
(Green 1997).  Overland flow can be changed by 
farm dams being constructed in natural drainage 
lines leading to a wetland, which alters the 
wetland’s hydrology by capturing runoff prior 
to it entering the wetland.  This in turn means 
the wetland is drier than normal.  Alternatively, 
the wetland can remain too wet if the natural 
drainage line below the wetland is blocked to 
create a dam, thus making the wetland wetter 
than normal (NSW DLWC 1996b).  Webster 
& Davidson (2003) noted that construction of 
farm dams were a major impact on wetlands in 
the upper catchment. The hydrology of these 
wetlands can be further altered by draining them 
for agricultural production or by extraction 
groundwater feeding them.  Upland swamps 
and peat bogs are probably the most vulnerable 
to drainage and groundwater extraction because 
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they rely more heavily upon groundwater 
seepage than overland flow (Green 1997). 

The hydrology of the mid and lower 
Murrumbidgee floodplain wetlands have been 
altered the greatest by river regulation and 
development of irrigation areas (NSW DLWC 
1996b; Expert Panel 2000).  Major regulation 
of the Murrumbidgee River dates back to 1912 
when Burrinjuck Dam was completed to provide 
irrigation water for inland New South Wales.  
Since then an additional 14 major regulating 
structures have been built on the Murrumbidgee
River including a further large storage in 1968, 
Blowering Dam. Blowering Dam forms part of 
the Snowy Hydroelectric Scheme which diverts 
water from the Snowy River and the upper 
Murrumbidgee River into the lake Eucumbene 
Hydro electricity development.  As a result the 
water has become more available for consumptive 
use, with large irrigation areas developed 
downstream: the Coleambally, Murrumbidgee, 
Wah Wah.  

The extent of reduction of water for natural 
systems is illustrated by the size of the average 
annual allocation.  The allocation is 2,500 GL 
or slightly over 50% of the mean annual natural 
flow (MAF) of the Murrumbidgee River, 4,400 
GL (NSW DLWC 1996b; Roberts 2004).  Since 
1994 there has been a decline in allocations, but 
consumptive use (90% is used for agriculture) still 
comprises nearly 50% of MAF.  This reduction 
in flow means there are fewer small to medium 
floods and when flooding does occur it is of 
shorter duration, thus many wetlands are staying 
drier for longer (NSW DLWC 1996b: Frazier et
al. 2000).  In addition, the release of irrigation 
water in summer means the natural low summer 
flows are not occurring.  These changes in flow 
regime mean the river is not interacting with its 
floodplain and thus the river function has been 
altered (Frazier et al. 2000).  River regulation 
may also mean that wetlands are remaining too 
wet, if they are part of a storage system.  Whitaker 
(1996) found most of the Murrumbidgee 
floodplain wetlands she surveyed had had their 
water regime altered.  Thornton & Briggs (1994) 
estimated 51% of mid-Murrumbidgee River 
open water floodplain wetlands have had local 
changes made to their hydrological regime.  

Other impacts

As the quality of water entering wetlands 
influences their ecological processes any change 
in the water quality will affect the wetland.  
The quality of water entering wetlands is the 
result of changes in the catchment and includes 
increases in sediment and nutrients (Bish & 
Gates 1997).  Sources of sediment and nutrient 
are from native vegetation clearing, livestock 
grazing, agrochemicals used to enhance 
production, urban development and storm water 
drainage (Green 1997).  In the upper catchment, 
Webster & Davidson (2003) identified historic 
clearing of native vegetation and stock grazing 
as important impacts on wetlands. Whitaker 
(1996) noted wetlands in the mid Murrumbidgee 
catchment close to Wagga Wagga and the MIA
were receiving high quantities of drainage water 
from stormwater or irrigation both of which 
are noted for their high levels of sediment and 
contaminants.  

Weeds were noted by Webster & Davidson 
(2003) as a management problem for 69% of 
wetlands surveyed in the upper catchment. 
Willows (Salix sp.) and blackberries (Rubus 
fruticosus aggregate) were the dominant weeds 
observed.  In the mid and lower catchment 
Lippia (Phyla canescens) is probably a more 
serious environmental threats to Murrumbidgee 
wetlands and floodplains than blackberries 
because blackberries prefer higher rainfall 
areas.  

Stock impacts have been noted by a number 
of studies both in the Murrumbidgee catchment 
and elsewhere.  Stock impacts include the 
destruction of wetland soil condition, wetland 
vegetation and high inputs of sediment and 
nutrients (Robertson & Jansen 2000; Jansen & 
Robertson 2001; Clifton 2005).

Development in an around wetlands can 
dramatically change wetlands. Some wetlands 
are used for cropping.  Webster and Davidson 
(2003) found some of this occurring in the upper 
catchment.  Drainage of wetlands for agricultural 
purposes or urban development changes the 
hydrology and water quality from overland flows. 
Whitaker (1996) noted impacts of wetlands 
adjacent to MIA channels and Wagga Wagga. 

PATRICIA A. MURRAy
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DISCUSSION

Integration of wetland planning and management 
across all spatial scales is needed for the 
Murrumbidgee River (NSW DLWC 1996b; 
Expert Panel 2000).  An initial step in developing 
plans is to understand the resource that is being 
managed.  The Murrumbidgee Catchment 
Management Authority (Murrumbidgee CMA) 
has made progress towards understanding 
wetlands in the Murrumbidgee by developing 
a GIS database of spatial information available 
from existing studies.  From this we know 
that there are several thousand wetlands most 
of which are quite small in size (less than a 
hectare in size).  Gathering of this information 
has shown that we know very little about the 
extent of wetlands off the floodplain, but these 
wetlands provide valuable habitat for aquatic 
life when Murrumbidgee floodplain wetlands are 
dry. However, as projects are delivered across 
the catchment details of more of these wetlands 
off the floodplain will be captured, but action 
beyond projects is needed to get a comprehensive 
understanding of these wetlands. 

Changes in water regime due to river 
regulation have been highlighted as one of the 
major impacts on floodplain wetlands.   For 
these wetlands the use of environmental water, 
when available, may help maintain and restore 
these wetlands.  However there are constraints 
on delivery of enough volume to provide the 
level of flooding needed to reach a large number 
of wetlands.  If this continues to be a constraint, 
then how do we manage the system for wetland 
benefit?  Do we invest in infrastructure, small 
regulators, to allow water to enter wetlands at 
lower river levels or do we invest in pumping 
water into selected wetlands?  

Pumping water into wetland is an expensive 
proposition.  The level of expense depends on 
the distance from river and size of wetland.  The 
expense may be lessened if infrastructure for 
water delivery already exists such as pumps or 
channels.  Past experience by the Murrumbidgee 
Wetland Working Group suggests that it would 
cost a minimum of $10 to $20,000 to fill 5 to 
10 ha wetland (pers. comm.).  In addition, if 
pumping is considered an option, only a handful 

of wetlands (3 or 4) could be filled per year.  By 
comparison 10 or 100 times that many could be 
watered more naturally by changing sill heights 
into wetlands.

Although river regulation has a major impact 
on hydrology for some wetlands, other wetlands 
are also impacted by changes in their hydrology.  
Construction of farm dams can intercept flow 
either above or below wetlands, thus making 
the wetlands too wet or too dry.  Draining of 
wet areas for production purposes also impacts 
wetland hydrology.

The connection of surface water to wetlands 
is easier to detect and understand than the 
connection of wetlands to groundwater.  
Upland bogs and swamps are highly dependent 
on groundwater, but naturally permanent 
wetlands in other parts of the catchment also 
have a groundwater component.  As well as not 
knowing how much wetlands are dependent on 
groundwater, we know virtually nothing about 
how groundwater systems are dependent on 
recharge from wetland flooding.  To sustainably 
use groundwater these interconnections need to 
be understood.

The condition is known for 5% of identified 
wetlands along the floodplain and parts of the 
upper catchment.  Hardly any information is 
known for wetland condition off the floodplain.  
Some information will be acquired through 
site assessment processes for delivering 
Murrumbidgee CMA investment funding to 
landholders, but more information could assist 
in better targeting investment to high priority 
areas.  The information acquired through the 
site assessment will be valuable but most of the 
wetlands will be dry when the assessment is 
done.  This means that the assessment will not 
capture the true quality of the wetland because 
so much of the quality is reliant upon water being 
present.  Where fringing vegetation occurs and 
flooding history information is known, it might 
be possible to extrapolate what other vegetation 
might occur. Even through the true condition 
may not be evident at the time of assessment, 
some impacts would be obvious, such as stock 
access or weed infestation.  Gains can still be 
made on reducing these impacts through fencing 
and weed control, but it may be impossible to 
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assess the full extent that the control measures 
had in the improvement of the wetland. 

The continual acquiring and centralisation of 
information on wetlands in the Murrumbidgee
catchment is needed to best manage these 
important natural features.  The Murrumbidgee 
CMA is well positioned to provide that role for 
the community as government agencies continue 
to undergo restructuring.  As noted previously 
there are many issues that need to be addressed, 
especially in the effective use of environmental 
water.  Other issues, including that of global 
warming, are beyond the scope of this paper yet 
will impact on the future use of water resources 
both for consumptive as well as environmental 
use.  When do we start to plan for global warming 
and what does it mean for the conservation of 
Murrumbidgee wetlands?
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Environmental Water Management in the Regulated Murrumbidgee
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Abstract:  Change in policy in recent years from one of unlimited development and use to one of 
restriction has polarised the debate on the operation of environmental water. Various concurrent 
policies to recover water for environmental flow have added to the climate of unease. The operation of 
environmental flows in the regulated Murrumbidgee River has been, and continues to be, a complicated 
and highly emotive process. The management of environmental water in the regulated Murrumbidgee 
provides some universal lessons, and emphasises the importance of seeking reconciled, collaborative 
solutions from otherwise polarised, competing demands for water.

INTRODUCTION

In December 1994 the Commonwealth 
of Australia enacted the National Water 
Commission Act heralding a new era of water 
management in Australia (MDBC 2000; 
Blanch 2001). This developed out of concern 
for the health of the Murray Darling Basin 
(MDB) highlighted by rising levels of salinity, 
the 1991 blue-green algal bloom in the Darling 
River and declining native fish populations 
(MDBC 2000). Protecting the health of 
rivers is a keystone of the national agreement 
supporting the legislation. To make progress, 
the Australian government provided funds for 
the states to improve their water management. 
As a show of resolve to progress reform, the 
Murray Darling Basin Commission capped the 
diversion of water in the Murray Darling Basin 
in 1995. This limit on water diversion was set 
at that level of development in place in the 
summer of 1993/4.

The states responded in different ways to the 
directive set by the Australian government, but 
a universal concept developed of environmental 
water to be used to improve the health of the 
rivers in the MDB.  In New South Wales, river 
management committees were established in 
1998 for regulated river systems to develop 

flow sharing rules between the environmental 
and extractive use (Blanch 2001).  Later 
these committees developed water sharing 
plans which came into force 1 July 2004 and 
were suspended because of extreme drought 
conditions in November 2006.  Even within 
the states, each catchment developed different 
flow rules, with those of the Murrumbidgee the 
most complicated.

The Water Sharing Plan for the 
Murrumbidgee Regulated River water 
source was one such plan. It typifies the way 
environmental water provisions have taken 
centre stage in river management across 
Australia, and the complications of making it 
all happen in a working river.

The matters associated with operating 
environmental water in the regulated 
Murrumbidgee are presented here in five 
themes:

1. The legal and policy frameworks for 
environmental water in NSW

2. The Murrumbidgee River and its 
changes

3. Focus on the Murrumbidgee a case 
study

4. How the water is operated at present
5. A summary of what is needed to improve 

the operation of environmental water 

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006
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1. legAl AND POlICy FRAMeWORkS

As a response to the COAG agreement in 1994 
and the capping of any more diversion of water 
in the MDB in 1995, the NSW government wrote 
and passed the Water Management Act NSW 
(2000).

This Act replaced the old Water Management 
Act NSW (1912).  These Acts differ in their intent.  
The 1912 Act saw the provision of secure water 
supply for inland New South Wales development 
as the top priority, while the 2000 Act saw the 
environment as a recognised legal user of water 
with environmental protection at its core.

Prior to the Water Management Act NSW 
(2000), and in response to the COAG 1994 
agreement, the NSW government established 
River Management committees in 1998 
to develop management plans for all river 
systems, but in particular regulated systems 
such as the Murrumbidgee. These committees 
were to develop flow sharing rules between 
environmental and extractive use (Blanch 
2001).  The Murrumbidgee River management 
committee members were appointed by the NSW 
Minister for the Environment and represented 
user groups, local government, government 
agencies and environmental groups, such as the 
NSW Nature Conservation Council, NSW Inland
Rivers Network and Australian Conservation 
Foundation. 

In the same year as the establishment of river 
management committees, the New South Wales 
and Victorian government agreed to return water 
to the Snowy River to eventually reach 28% (294 
GL) of its natural flows (DSE Victoria 2007). The 
Victorian and New South Wales governments 
are spending $300 million to recover water 
for the Snowy River.  This complicates water 
management in the Murrumbidgee because 
allocations have been based on annual flows that 
included the extra Snowy Water.

As a result of the passing of the Water 
Management Act NSW (2000) the emphasis of 
the committees switched from writing a total 
management plan for the river to writing water 
sharing plans.  Most of these plans were gazetted 
in December 2003 and came into effect 1 July 
2004.  

CatchmentManagementAuthorities came into 
effect in New South Wales in 2003 as part of the 
general natural resource reforms.  Initially they 
were to only be responsible for native vegetation, 
but were later charged with responsibilities for 
some water issues.  Currently the Catchment 
Management Authorities, representing the 
catchment communities, has jurisdiction for the 
operation of adaptive (licensed) environmental 
water. The Catchment Management Authorities 
are developing integrated Environmental 
Water Management Plans for this purpose. The 
Murrumbidgee CMA manages this task like any 
other project by using corporate business systems 
which strive to achieve the Standard for Quality 
Natural Resource Management, administered by 
the NSW Natural Resources Commission (NRC
2005).

Reconciling uses and environment

The legal framework exists but the delivery of 
environmental water in the context of a working 
river means that river managers must seek 
opportunities to achieve dual purposes.   The 
high level of economic, social and cultural value 
associated with the Murrumbidgee means that the 
Murrumbidgee is typical of most regulated rivers 
around the world where the determination and 
operation of environmental flow is often framed 
by conflicting or mutually exclusive points of 
reference. 

This history of regulation represents a typical 
scenario of control of a natural resource (Holling 
and Meffe 1996). It casts the Murrumbidgee as 
a classic in the global trend to achieve water 
management that reconciles human and ecological 
demands (Schofield et al. 2003; Richter et al. in 
press) and reflects a dynamic history of policy 
and legal principles.

The Murray Darling Basin cap on diversions 
and the environmental flow rules proposed 
for systems like the Regulated Murrumbidgee 
in 1998, represent a significant shift toward 
reconciling extractive demand and improving 
the environmental health of rivers.  The 
signing of the Snowy Agreement between New 
South Wales and Victoria also shows a shift in 
government response to community pressure and 
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support to environmental outcomes for river 
systems.  However, the Snowy Agreement 
puts additional stress on the regulated 
Murrumbidgee because the recovery of water 
for Snowy flow is potentially a net loss to the 
regulated Murrumbidgee water source.

Fiscal mechanisms for the true valuation 
and marketing of water have been created in 
association with these laws. Although such 
mechanisms are beginning to be utilised, the 
true benefits to environmental water operation 
are still a long way from being realised, namely 
that environmental water volumes will hold 
value on an open market. Bowmer (2003) 
also noted this as a matter which will smooth 
the operation of environmental water. Such 
fiscal aspects are listed among the essentials 
of environmental flow operation cited by 
the International Union for Conservation of 
Nature and Natural Resources (Dyson et al.
2003).  

The pricing of environmental water and 
its value are not necessarily the same thing. 
More specific and targeted information is 
needed regarding the precise links between 
a healthy river and floodplain, and the 
capacity of the catchment to produce crops 
and sustain large human populations. This 
capacity is underwritten by environmental 
water operation, but that value is not 
necessarily reflected in the market 
costing. 

Planned environmental water is managed 
according to the provisions of the Water Sharing 
Plan for the Murrumbidgee Regulated River 
water source. It establishes an Environmental 
Water Allowance and associated Reference 
Group to provide advice to the Minister for 
Natural Resources regarding the operation of 
those particular environmental accounts.

The policy and legal history of the regulated 
Murrumbidgee reflects the evolution of public 
interest in the health and sustainable use of 
rivers in New South Wales. The statutes and 
policies in place at the moment are rooted 
in national objectives to provide and deliver 
environmental flow and to reconcile this 
objective with the management of working 
rivers such as the regulated Murrumbidgee.

2.  MURRUMbIDgee RIveR AND ITS
CHANgeS

The Murrumbidgee River is the third longest river 
in the Murray Darling Basin (MDB) (Australian 
Government, 2006). The Murrumbidgee River, 
like most rivers in Australia, has a highly 
variable flow but is one of the most reliable rivers 
in the MDB. The average annual flow of the 
Murrumbidgee River is 4.4 million megalitres 
(4,400 GL), but 500 GL of this is contributed by 
the Snowy River through the Snowy Mountains 
Scheme (DLWC 1996; Murrumbidgee CMA 
2006).  This means that the natural average 
annual flow of the Murrumbidgee River is 3,900 
GL.  

The highly variable flows led to the 
construction of dams and weirs to secure water 
for the development of inland New South 
Wales.  This was made possible by the passing 
of The Water Act NSW (1912) and designation 
of funds for infrastructure construction.  Major 
dams were constructed in the headwaters of 
the Murrumbidgee River and one of its major 
tributary, and Tumut River, to retain water 
primarily for the irrigation industry.  Burrinjuck 
Dam was the first to be completed and assisted 
the development of the Yanco Irrigation Area 
downstream of Narrandera.  It officially opened 
on July 13, 1912. 

Irrigation diversions to government sponsored 
irrigation schemes and private developments 
have expanded steadily since then, until the 
Murray Darling Basin Cap was implemented in 
1997.   Since 1967 water from the Snowy River 
has contributed to the Murrumbidgee system 
and has become an integral part of the water 
available for extractive use.  The advent of the 
1998 Snowy agreement means that major water 
savings have to occur within the Murrumbidgee
to meet the obligations of the New South Wales 
government.   

The long history of irrigation in the 
Murrumbidgee catchment means it has become 
part of the character of the Riverina. The 
estimated value of irrigated agriculture varies 
widely. For example, product value at the farm 
gate varies from year to year depending on the 
water available to farms, the associated mix of 
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crops, crop yield and markets. However, Hope 
and Wright (1999) estimated the value of irrigated 
product in the Murrumbidgee to be $476 million 
in 1996-7. Extensive processing and value adding 
is also carried out in the region. When further 
multiplied by employment, replacement value of 
infrastructure and other investment, irrigation in 
the Murrumbidgee is a very significant part of 
the regional and national economy. 

The mix of crops grown and their differing 
water requirements influence when and how 
much water is delivered via the river. Although 
there is increasingly a more heterogenous 
cropping mix in the Murrumbidgee, peak 
demand remains associated with grapes and rice 
as they remain the main irrigated crops grown in 
the area.  This means peak demand is in summer, 
at the hottest time of year, which has effectively 
reversed the natural hydrograph of the regulated 
Murrumbidgee for many decades (Agribusiness 
Task Force 2000). The manipulation of natural 
flows to accommodate irrigation demand and 
urban supply is central to the idea that the 
regulated Murrumbidgee is a working river.

The consequence of operating the river 
primarily for irrigation has come at a price. 
In 1999 an assessment of the health of the 
Murrumbidgee River was commissioned by local 
irrigation companies and the NSW government. 
The assessment by an expert panel of five 
scientists found the health of the river to be poor.  
They found that the river showed considerable 
signs of degradation and disruption of ecological 
processes that compromise the long-term 
viability of the river (Agribusiness Task Force 
2000).  Thoms and Cullen (1998) provided a 
succinct assessment of the impacts of this kind of 
river management on the biological character of 
inland river systems such as the Murrumbidgee, 
and concluded that comprehensive analyses of 
whole systems are imperative to establishing 
sustainable extraction limits. This information 
currently remains a work in progress in the 
regulated Murrumbidgee. 

In the regulated Murrumbidgee Water Sharing 
Plan (2004) the diversion limit is set at 1925 
GL, representing 44% of modelled total long 
term average annual flow (which is 4360 GL) 
which includes up to 500 GL from the Snowy 

River. The amount of water actually diverted 
rarely reaches this level however and is limited 
annually by an available water determination 
announced by the NSW Department of Natural 
Resources. Diversions have resulted in the long 
term average flow at Balranald, the end of the 
system, being significantly reduced compared to 
modelled natural flow (Agribusiness Task Force 
2000).

3.  fOCUS ON THe MURRUMbIDgee
eNvIRONMeNTAl flOW RUleS

Three statutes in New South Wales provide for 
the management of environmental water in the 
Murrumbidgee:

1. Fisheries Management Act (1994) which 
establishes the Endangered Ecological
Community of the Natural Drainage 
System of the Lower Murray River 
Catchment including the Regulated
Murrumbidgee below Burrinjuck Dam

2. Water Management Act (2000) which 
establishes tradeable water rights and 
provisions for both planned and adaptive 
environmental water

3. Catchment Management Authorities Act 
(2003) which establishes the Catchment 
Management Authorities and the 
associated Environmental Water Trusts

The Fisheries Management Act (1994) 
describes a process by which recovery plans are to 
be prepared for listed Endangered Communities, 
including the regulated Murrumbidgee. This is 
largely a work in progress being conducted by 
NSW Fisheries in the Department of Primary 
Industries. Such plans clearly have a central role 
in the future of environmental flow operation but 
currently there is a limited real function.

The Catchment Management Authorities Act
(2003) established the Murrumbidgee Catchment 
Management Authority as a community based 
natural resource agency with a function in the 
management of environmental water. The precise 
nature of that function is currently subject to 
negotiation with government but currently 
includes the development and administration 
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of an integrated Murrumbidgee Environmental
Water Management Plan.

This plan is intended to synergise the operation 
of all environmental accounts to maximise inland 
aquatic ecosystem health. Although it has an 
ambitious set of objectives, the plan is consistent, 
at least in its intent, with the principles of good 
environmental flow operation suggested by 
Dyson et al. (2003). Among other things, it is 
currently anticipated that the plan will deliver:

• broadly endorsed and transparent 
decision triggers and criteria such as 
ecological outcomes and timing

• a clear characterisation of the 
environmental water accounts and any 
prescribed application.

• a clear and transparent set of investment 
principles and protocols by which the 
Murrumbidgee Environmental Water 
Trust Fund will operate according to the 
CMA Act (2003)

• a comprehensive set of monitoring and 
evaluation tools as indicators of the 
performance of environmental water 
operation

Again, the instruments of the CMA Act
(2003) have a limited role in the recent and 
current operations of environmental flow in the 
regulated Murrumbidgee, but they are certainly 
emerging as centrepieces and as such need to 
build on the lessons of the past.

The current set of environmental flow 
rules is tied up in the instruments of the Water 
Management Act (2000). That act establishes 
two types of environmental water, planned 
environmental water and adaptive environmental 
water, and in the Murrumbidgee these are 
operationalised by the Water Sharing Plan for the 
Murrumbidgee Regulated River Water Source 
(2004).

Planned Environmental Water

Planned Environmental Water has a prescribed 
function imbedded in the Water Sharing Plan. The 
Water Sharing Plan determines the way water is 
to be credited and used. One of the key original 
tasks of the Murrumbidgee River Management 

Committee was to refine the set of environmental 
flow rules proposed by government in 1998. 
These so called interim flow rules were refined 
over time by the committee which was guided by 
four key principles:

1. Protect low flow
2. Protect end of system flows
3. Protect winter flow and variability
4. Provide water for contingencies

Over time, the interim rules evolved into the 
rules at the centre of the current Water Sharing 
Plan which ceases on July 1 2013. Foreman 
(1999) gives a good treatise of the development 
of the Murrumbidgee environmental flow rules. 

Prior to the Water Management Act and 
the Water Sharing Plan there were a series of 
environmental flow rules developed by the 
Murrumbidgee River Management Committee
that continued to be refined as more knowledge 
was gained.  The first set was developed in 1998.  
The protection of winter flows and variability was 
the most contentious because it relied on natural 
triggers for release of water from Burrinjuck 
Dam.  In 1999 Rule 3 was modified because of 
very low dam volumes.  Modification to Rule 
3 saw a reduction in the proportion of inflows 
released from Burrinjuck until dam volume was 
greater than 50%.  The water for contingencies 
rule changed so Environmental Contingency 
Allowance water could not be released until 
allocations reached 60% (Foreman 1999).

The Murrumbidgee Water Sharing Plan
provides five types of planned environmental 
water:

1. 56% of the modelled long term average 
Murrumbidgee flow is protected for 
the environment which excludes the 
diversion limit of 1925 GL

2. Base flow in the upper regulated 
river (below Burrinjuck) is protected 
by making minimum releases from 
Burrinjuck (dam transparency)

3. Natural flow variability is mimicked 
by making translucent dam releases in 
winter and spring based on dam inflow 
(dam translucency)

4. Three Environmental Water Allowance 
(EWA) accounts are kept for wetland 
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inundation, fish or bird breeding events 
and the management of water quality

5. Base flows at the end of system (Balranald 
gauge) are protected

Four of the five planned environmental 
water rules operate more or less automatically. 
However, the EWA accounts are operated 
at the discretion of the Minister for Natural
Resources. The Water Sharing Plan establishes 
the EWA Reference Group which advises the 
Minister on matters relating to the operation 
of the EWA. The membership of the group is 
also prescribed in the Water Sharing Plan and 
is comprised of representatives of New South 
Wales government agencies, environmental and 
user groups.  The members of this committee are 
Ministerial appointees.  The role is to provide 
recommendations to the Minister regarding the 
use of environmental water, and the decision rests 
solely with the Minister.  The EWA Reference 
Group was formally established late in 2006, but 
met informally in 2005 and September 2006 in 

order to provide timely advice to the Minister.
The operation of the EWA over its ten year 

history has been a learning process. Iteration from 
year to year has enabled river managers to test 
and refine decision triggers, the augmentation of 
tributary inflow, how to overcome flow constraints 
and how to maximise the opportunities to target 
key sites or events. Ecological outcomes are also 
becoming easier to read, and a body of work is 
forming around the evaluative instruments needed 
to support EWA release. Table 1 summarises the 
EWA operation over the last ten years.

This matter of evaluation should not be 
underestimated. The onus for proving its worth 
remains squarely on the EWA operation itself. 
There remains a clear expectation in the general 
community that EWA is a concept that has to 
prove itself. This not only relates to the close 
scale wetland response to watering, but also 
the catchment scale, productive capacity of the 
Murrumbidgee Valley. One of the tasks at hand 
is to better champion the outcomes of the EWA 
releases to this end.

Table 1.  Environmental water allowance operation since its commencement in 1998.

Year Release 
made

Volume released 
and account

Target or intent Result Key lessons learned

September 
1998

118,000 ML
Stand alone 
release of banked 
translucency
(no augmentation)

General
floodplain 
inundation

Moderate wetland 
inundation due to 
inadequate flow 
height achieved 
especially 
downstream of 
Berembed Weir

Limited wetland 
inundation
highlighting the 
importance of 
augmentation,
tributary  inflow 
forecasting,
and protecting 
environmental flow 
from extraction

1999 0 ML Extremely 
dry catchment 
conditions

2000 38,710 ML
Augmented
unregulated
tributary inflow 
(Tarcutta Creek) 

General
floodplain 
inundation. 
Trial weir pool 
manipulating 
to increase 
flow height and 
duration

Good wetland 
inundation all 
along the river. 
Subsequent
fresh 4 weeks 
later provided 
connectivity 
with full highly 
productive wetlands 

Best wetland 
inundation result 
to date. Tombullen 
Storage and Hay Weir 
pool manipulation 
aided flow success.
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2001 49,115 ML
Released on top of 
irrigation supply 
releases

General
floodplain 
inundation

Good wetland 
inundation and 
duration of 
connectivity 
above Berembed 
Weir. Very little 
inundation achieved 
below Berembed 
Weir.

Very poor use of 
environmental
water. Better to use 
infrastructure for 
watering wetlands 
if no base flow is 
present and the EWA 
volume is small.

2002 0 ML Extremely 
dry catchment 
conditions

2003 0 ML Extremely 
dry catchment 
conditions

2004 0 ML Accrued
unreleased
EWA carried 
over due to non 
suitable release 
conditions

2005-06 19,071 ML 
(EWA2)

Nine wetlands 
with a combined 
area of 12,060 ha 
watered

Target achieved.
Assisted significant 
bird breeding event 
in Lowbidgee and 
watered Ramsar
wetlands.

Importance of 
channel capacity in 
water delivery

November
2006

Water sharing plan 
suspended.
EWA loaned to 
supply downstream 
urban demand

2007 Contingencies
announced by 
Minister for 
Natural Resources
to recredit loaned 
EWA accounts 
first.

EWA RG is 
currently setting 
priorities for 
targeted EWA
release

Monitoring in place 
prior to release

Source: Maguire (pers.com 2007); Hardwick (pers.com 2007)

Adaptive Environmental Water

The second type of environmental water is 
Adaptive Environmental Water.  It is not 
prescribed or limited relative to planned 
environmental water. The way it is credited and 
used is more discretionary. These accounts are 
owned by some licensee as a regular extractive 

license. Because this adaptive environmental 
water is a licensed entitlement, the license may 
only be operated with the consent of the Minister 
for Natural Resources.

The Murrumbidgee CMA is the agency 
responsible for operating adaptive environmental 
water. Presently the volume available is limited 
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accounting procedures, prioritisation of 
wetlands and ecological assets, and matters 
relating to monitoring of ecosystem response 
to watering, as well as matters of protocols 
and accountability.  This plan however, has 
yet to be developed and agreed upon.

According to the CMA Act (2003) and 
current agreements in government, the 
Murrumbidgee CMA is to operate adaptive 
environmental volumes in concert with the 
EWA. The Murrumbidgee Environmental 
Water Management Plan (MEWMP) will be 
the key instrument to instruct the delivery 
of environmental water to this end.  The 
plan is in the development stage and will 
most probably have several iterations as the 
mechanisms are tested and the principles are 
refined. The biggest hurdle for the successful 
implementation of the plan will be agreement 
from within the key stakeholders groups the 
EWA Reference Group, and the CMA.

The beauty of the plan will be its 
transparency. Currently, there is a very broad 
discretion available to the Minister to decide 
when and how to release the environmental 
accounts. To illustrate the point, the Water 
Sharing Plan was suspended by the Minister 
in November 2006 because of a severe water 
shortage declaration. The environmental water 
accounts were thus debited to top up urban 
and other uses. The MEWMP is expected to 
provide a much more open decision making 
process than that which currently operates, 
with broad agreement from key stakeholders.

environmental Water Trust fund

The Murrumbidgee Environmental Water 
Trust Fund is established under the 
Catchment Management Authorities Act 
(2003) and the Water Management Act 
(2000). The Water Trust Fund is established 
to raise water and/or money which will be 
applied for environmental purposes, and is 
a function of the Murrumbidgee Catchment 
Management Authority. The Trust Fund will 
finance the investment strategy imbedded 
in the Murrumbidgee Environmental Water 
Management Plan.

to only a few small licenses. Theoretically, the 
volume potential for this kind of environmental 
water is limited only by the volume of licensed 
entitlements in the regulated Murrumbidgee.  
Any license holder is free to submit their 
entitlement to environmental applications. The 
license holder has three options: the water can be 
transferred for a single season, permanently, or 
made available as an option from time to time as 
adaptive environmental water.

Cultural Access water

The Murrumbidgee Water Sharing Plan also 
establishes a Cultural Access License which is 
applied by local Traditional Owners and groups 
of indigenous people to areas with a defined 
cultural significance. That allocation is 2 GL of 
water per year.

4.  MAkINg THe WATeR OPeRATe AT
THe MOMeNT AND IN THe fUTURe

As mentioned above, four of the five rules for 
planned environmental water in the regulated 
Murrumbidgee operate virtually automatically 
because their delivery is linked to dam inflows 
volumes.  The exception is the Environmental 
Water Allocation (EWA) account. 

The EWA accounts are currently managed 
at the discretion of the Minister for Natural 
Resources advised by the EWA Reference 
Group. The Murrumbidgee CMA hosted the 
most recent meeting of the EWA Reference 
Group and provides administrative support for 
it.  The group is important because it provides a 
platform for robust and vigorous debate about 
the operation of environmental water in the 
regulated Murrumbidgee including political, 
economic and ecological perspectives. The 
significance of this process is that otherwise 
competing and polarised points of view work 
to seek collaborative solutions and synergy in 
the way environmental water is operated.

In theory, the EWA accounts are managed 
according to a management plan agreed by 
the Reference Group. The plan describes 
triggers that are required to release EWA,
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Operational constraints for flow

The main aim for the delivery of environmental 
flows is to inundate floodplain wetlands at a 
greater frequency to mimic low to medium flood 
events.  The delivery of environmental flow is 
restricted by two river channel constraints. 
The Mundarlo Bridge below Gundagai poses a 
flow restriction equivalent to 32,000 ML a day 
at Wagga Wagga.  This means that cumulative 
releases from the Burrinjuck and Blowering 
dams are limited to that flow, but this does not 
achieve the desired river height required for 
wetland inundation.   The second flow constraint 
exists on the Tumut River below Blowering 
Dam where the channel cannot accommodate 
flows greater than 9,000 ML per day at Tumut. 
Flows greater than 9,000 ML per day at Tumut 
begin to cause unacceptable stream bank erosion 
problems. 

Tributary inflow

To overcome these constraints, strategies have 
developed in the operation of environmental 
water in the regulated Murrumbidgee.  The 
strategy is to successfully augment tributary 
inflows below these constraints with dam releases 
to achieve the magnitude of environmental 
flows needed to inundate floodplain wetlands. 
This operation is usually referred to as the 
piggy backing of tributary inflow.  There are 
several important unregulated tributaries of 
the Murrumbidgee below the major storages 
that can contribute considerable volumes of 
water to the Murrumbidgee collectively or 
individually.  Perhaps the most important is the 
Tarcutta Creek because it has a large catchment 
area and can potentially deliver large volumes 
to the Murrumbidgee and is located below 
the major flow constraints of the regulated 
Murrumbidgee. 

In theory it is very easy to piggyback flows, 
but in practice it is complicated. This is because 
the unregulated tributaries of the Murrumbidgee 
are characterised by highly variable flow patterns 
and the water travel time is also highly variable 
between the dam and the tributaries (Foreman 
1999).  The variability means inflow volume 

and timing to the main stream are difficult to 
predict. An accurate prediction of tributary 
inflow is important because travel time of 
water from dams to confluences of the relevant 
tributary usually involves several days. 

System losses

In addition, the magnitude of water loss in transit 
is highly variable dependent on the condition of 
the catchment, whether it is wet or dry. The river 
stores water in high flow events to be released 
later when the flood has passed.  Therefore it 
is difficult to accurately determine when and 
how much water to release from the dams to 
successfully augment tributary inflow. There 
is some risk that the expected outcomes will 
not occur because of unexpected losses in the 
system or less then expected tributaries inflows.  
Regardless of the unpredictability and potential 
for lack of success tributary inflows are very 
important in the context of environmental flow 
operation because of the operational constraints 
that occur up the system.

Environmental considerations for delivery of 
water 

Environmental water releases are made to 
maximise ecological responses to wetland 
watering. That said, the nature of ecosystems 
in the Murrumbidgee provide a limited window 
of opportunity to get water on to wetlands. 
These factors relate to wetland condition and 
seasonality. Typically, such matters are not easy 
to predict but vary from season to season based 
on extreme seasonal variability. In this way 
timing of release is critical, and emphasises the 
importance of well timed dam release.

Accounting

Because the various environmental accounts 
are quantified and releases are measured in 
megalitres, there is an expectation that wetland 
watering can also be measured and quantified. 
This is not a realistic expectation (Bowmer 2002) 
but it is of central importance for good ecosystem 
evaluation of environmental operation.
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A review of published and unpublished 
information on the Murrumbidgee water balance 
suggests that audits and models tend to be 
overly aggregated and do not provide a refined 
degree of resolution needed by decision makers. 
Examples include:

• river flow information for reaches of 
the river which may be defined for a 
particular purpose such as in inundation 
event

• inconsistent inputs to the river balance 
models which lack rigour

• accounting practices within State Water 
and the Department of Natural Resources 
which may be related to lack of capacity 
and human resources to manage data or 
flow measurement

• compromised technical knowledge and 
information transfer of the way planned 
environmental water accounts are 
credited, modelled and operated

Again the MEWMP will draw improvements 
in these areas because of the enhanced degree 
of ownership to stakeholders. The plan will 
also provide a platform for better recoding of 
information and general availability of technical 
reports and outcomes, as well as decision support 
systems and triggers.

To summarise, the current operation 
of environmental water in the regulated 
Murrumbidgee remains a process of continuous 
improvement. Information and tools have 
improved, and the questions being asked by river 
managers are becoming more informed. The 
community continues to have high expectations 
of environmental water operation. The current 
severe drought, the most extreme in recent history, 
has placed water sharing at the heart of social 
and political debate. The matter is particularly 
important in the Murrumbidgee where irrigated 
agriculture is such a significant social function 
and ecosystems are so severely stressed because 
of the history of the regulated river and current 
dryness. The new instruments and plans lay the 
groundwork for an exciting and potentially more 
effective future of environmental flow operation 
in the regulated Murrumbidgee.

5.  IMPROveMeNT Of THe OPeRATION
Of eNvIRONMeNTAl WATeR

As described above, the operation of EWA 
in the Regulated Murrumbidgee has been a 
learning experience. With each release river 
managers learn more about the intricacies 
of getting the water on to wetlands. Lessons 
have included the efficiencies of augmenting 
river flow heights, the impacts of regulatory 
structures, the relationship between wetland 
connectivity and river height, the limitations 
of models and spatial information and the 
importance of predicting irrigation demand 
and tributary inflow.

From these lessons and other improvements 
in knowledge and information, it is possible 
to identify some key initiatives needed to 
improve the operation of environmental water 
in the regulated Murrumbidgee. Research 
needs to be done to examine how use of 
the environmental water to maintain river 
and floodplain health may also be essential 
in maintaining agricultural productivity.  
Obvious linkages occur for some production, 
such as native fish, but are less obvious for 
agricultural production other than issues of 
water quality. 

Better three dimensional spatial 
information

Detailed spatial elevation information would 
provide an indication of topography and 
wetland sill height. The significance of this 
information is related to the connectivity of 
wetlands to the river channel. Each wetland 
has a sill height which will only be breached 
by a sufficiently high river. Information about 
the sill height and the morphology of the river 
channel would enable river managers to better 
target environmental flow releases to those 
wetlands of greatest need and increase the 
likelihood of successful wetland inundation.

Such spatial elevation information 
would also be useful in maintaining depth 
and duration of inundated sites and to the 
development of a model to investigate the 
spatial extent and depth of certain release 
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scenarios, and to inform investment in tools 
like regularly structures or water saving 
opportunities. Currently there is no such tool 
available in the regulated Murrumbidgee.

Better tools to predict tributary inflow

Information that would enable extrapolation 
of rainfall data into river height data would 
improve the current capacity to predict tributary 
inflow. Rainfall in tributary catchments such 
as Tarcutta Creek contributes to tributary 
inflow, and hence flows in the regulated 
Murrumbidgee. Currently there is a generous 
error when predicting how much water will 
reach the regulated Murrumbidgee from these 
catchments. A better informed calibration of 
rainfall and tributary inflow in the form of a 
landscape hydrological model would enable 
more successful augmentation of tributary 
inflow.

Water Markets

An open water market provides for better 
determination and management of environmental 
water. The current market is, at least in theory, 
poised to offer innovative and freely traded 
water products in an open market. As the market 
becomes more robust, and the products become 
better defined, environmental water parcels will 
be more easily created and traded.

The National Water Commission and the 
market policies of New South Wales, including 
the Environmental Water Trust Fund of the 
Catchment Management Authorities, echo 
the trend toward a barrier free and truly open 
water market. A platform like that will see 
environmental water become more valued in the 
marketplace and in the minds of the community 
in general.

Currently there are several funds available 
to recover environmental water in the regulated 
Murrumbidgee, but this water is earmarked to 
meet obligations to the Snowy Agreement and 
The Living Murray.  The Living Murray might 
be able to apply environmental water en route 
via the regulated Murrumbidgee, but that water 
will probably not be targeted to wetlands or 

other ecosystems in the Murrumbidgee itself.  
The recovery of environmental water for the 
Snowy River via Water for River scheme is 
a direct loss to the net water balance of the 
regulated Murrumbidgee.

The managers of environmental water in the 
regulated Murrumbidgee need to identify and 
champion the iconic features of Murrumbidgee 
River in order to compete for environmental 
water. Although the various funds available 
claim to match to niches in the water recovery 
market, in reality there is something of a 
scramble to meet recovery targets to the 
detriment of ecosystems.

Removal of flow constraints

There is an imperative to overcome physical flow 
constraints in the Regulated Murrumbidgee. As 
described, releases from both major storages in 
the Regulated Murrumbidgee are ‘capped’ under 
normal operation protocols because of restrictions 
in the river channel. Hardwick et al. (2001) in 
Bowmer (2002) have demonstrated greatly 
improved wetland connectivity as these delivery 
constraints are exceeded. The constraints mean 
that necessary river height cannot be achieved 
without significant augmentation of flow below 
the dams. Investment in works to overcome flow 
constraints would result in a more efficient and 
effective operation of the environmental water 
in the Regulated Murrumbidgee.

The Regulated Murrumbidgee is lucky 
to have diverse and robust forums that are 
committed to truly collaborative solutions. An 
example is the common ground around the issue 
of maximising carry over opportunities for the 
EWA in the Regulated Murrumbidgee. But these 
forums come with responsibilities.

One example of such responsibilities is a 
commitment to seek collaborative approaches 
from those who sit on advisory bodies including 
the Murrumbidgee CMA and the Murrumbidgee 
EWA Reference Group. Such commitment in 
these forums is paramount because it is currently 
the only way that informed, collaborative 
solutions are passed on to the Minister who 
bears the ultimate responsibility to reconcile the 
competing demands of an iconic and working.
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Part of this theme is the attitude of the 
general community in the Murrumbidgee that 
we are all making a contribution to the health 
of the river system which supports all of us, 
and which to which our agriculture must be 
reconciled.

CONClUSIONS

The future is bright for the health of the 
regulated Murrumbidgee, but the pathway 
is relatively dim. The history of the EWA 
operation provides river managers with highly 
attuned local knowledge about what works 
and what does not. Operational tools are being 
developed with better knowledge and more 
rigour. Platforms for decision making are 
becoming more integrated and transparent, 
and the value of water has increased, both 
fiscally and socially. The current drought has 
emphasised the importance of getting it right 
for ecosystems and agriculture.

The theory of a working river is not new 
in the Regulated Murrumbidgee, but it is 
timely to remember the spirit of that concept. 
Demand for reliable and predictable volumes 
does not sit well in a highly variable river. 
Diverse stakeholders need to be informed and 
committed to collaborate with each other in 
order to maximise outcomes for all values of 
the regulated Murrumbidgee, and to reconcile 
what can potentially be competing demands for 
limited water.
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Large Scale Water Conservation and Wetland Rehabilitation - 
Barren Box Swamp Project
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Abstract:  Water is a precious natural resource and increasing pressure from competing users such as 
towns, industry and agriculture has brought to the forefront the need to manage the whole of the water 
cycle and all water resources sustainably.  Irrigation is the largest class of water use in New South Wales 
by volume, with an annual value of irrigated production in Australia of around $8 billion in recent years.  
The proposed Barren Box Swamp (BBS) Project was developed as part of an integrated strategy to 
conserve water resources, both within the Murrumbidgee Irrigation Area (MIA) and the wider Murray-
Darling Basin, and to facilitate the return of part of the swamp to a natural ephemeral wetland system.  
The proposed BBS Project forms an integral component of a larger Murrumbidgee Irrigation integrated 
water savings strategy.  With a view to contributing to catchment targets and the return of flows to the 
Snowy and other Rivers, the strategy includes a range of management and infrastructure based options 
to sustainably manage water resources in the MIA. The BBS Project involved the construction of two 
water transfer storages through the construction of internal embankments within the confines of the 
natural depression which forms the swamp and the construction of an en-route storage on irrigation land 
upstream of BBS.  In splitting the swamp and reducing the surface area of the active storage, evaporation 
losses will be substantially reduced and a significant proportion of the swamp (over 50%) will be able to 
be returned to a more natural ephemeral wetland ecosystem through a reduction in flow regime creating 
an ecologically alive and diverse wetland.  The splitting of BBS has provided greater flexibility and 
efficiency in the management of the water resource.  The addition of en-route storage allows excess 
flows in the drainage system (surplus to downstream irrigation requirements) to be temporarily stored, 
and then reused for subsequent downstream irrigation, thus improving the efficiency of the system and 
further contributing to the overall savings in water.  This would all be achieved without affecting the 
water supply to the downstream irrigators, particularly the Wah Wah Irrigation District.

BACKGROUND

Murrumbidgee Irrigation Area and Districts 
(MIA)

The Murrumbidgee Irrigation Area and Districts 
(MIA) are located in south western New South 
Wales covering an area of approximately 
3,624 km2. The MIA is a private irrigation 
scheme under the control of Murrumbidgee 
Irrigation Limited (MI) (Fig. 1). It currently 
has a water entitlement comprising 10% of the 
water entitlement of the Murray-Darling Basin 
system.  The MIA includes the Yanco Irrigation 

Area, Mirrool Irrigation Area, Benerembah 
Irrigation District, Tabbita Irrigation District, 
Wah Wah Irrigation District and Stock and 
Domestic Users.

Farm production in the MIA includes: 
•	 on average about 360,000 tonnes of 

rice each year on 37,000 hectares (MI 
2003).  During non-drought years, the 
yield can be significantly higher and in 
the order of 1.5 million tonnes of rice.  

•	 16,000 hectares planted to winegrapes 
with over 200,000 tonnes of quality 
winegrapes are produced with a 
farmgate value of $107 million. 

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006
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Fig. 1. The location of Murrumbidgee Irrigation Area and Districts
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•	 approximately 70% of the New South 
Wales citrus crop, which is 30% of the 
total Australian citrus production.

•	 The gross value of farm production in the 
MIA is estimated at about $700 million a 
year.

Barren Box Swamp

Barren Box Swamp (BBS), located approximately 
30 km north-west of Griffith, is the major drainage 
water storage and redistribution point for the MIA.  
It is also used for flood mitigation.  The swamp is 
essentially a natural depression in the landscape 
which was, and still is, subject to more frequent 
inundation than the surrounding area. The swamp 
has the capacity to hold approximately 80,000 to 
90,000 megalitres (ML) of water.  

STRATEGIC CONTEXT

The Snowy Water Inquiry was commissioned in 
1998 with a brief to recommend environmental 
water release options to the Commonwealth, 
Victorian, and NSW Governments, as part of the 
corporatisation of the Snowy Mountains Scheme. 
Following the Snowy Water Inquiry, a Heads of 
Agreement – The Agreed Outcome of the Snowy 
Water Inquiry (Heads of Agreement) was signed 
by the three Governments on 6 December 2000 to 
outline arrangements to implement the outcomes of 
the Snowy Water Inquiry. The three Governments 
adopted target levels of increased environmental 
flows. These target levels are:
1. Total increased flows of 212,000 ML per year 

in the Snowy River below Jindabyne Dam, 

such flows being equivalent to 21% of the 
Average Natural Flow.

2. Dedicated increased environmental flows in 
the Murray River of 70,000 ML per year.

On the basis of the Heads of Agreement, MI 
explored options for water savings projects in 
order to ensure the sustainability of the MIA and 
to avoid the potential for forced removal of water 
entitlements.

PROJECT CONTEXT

The Murrumbidgee Irrigation integrated water 
savings strategy (the strategy) is a set of initiatives 
for water efficiency improvements in the MIA. 
The strategy complements the MIA EnviroWise 
program forming a suite of management tools 
for ensuring the sustainability of the MIA. 
The strategy aims to maximise sustainable 
utilisation of resources to ensure the future of 
the Murrumbidgee Irrigation Areas and Districts 
through a range of infrastructure and management 
options.

MIA EnviroWise contributes to the 
sustainability of farming, rural industries and 
associated communities and improves biodiversity 
and the health of our waterways. Implementation 
activities focus on productivity, groundwater 
accessions, water quality, drainage volumes, 
downstream flooding and natural resource 
management. The whole plan covers a 30-year 
period; however, many priority on-farm activities 
are scheduled for implementation over 15 years.

MI’s overall integrated plan is made up of four 
major projects (Table 1):

Table 1.  The major projects making up MI’s overall integrated plan (1 GL = 1,000 ML = 1,000,000,000 L).

Project Estimated water savings
Barren Box Swamp splitting and enlargement of Wah Wah main 
and en route Storages

20 GL

Water Review Study of Wah Wah Stock & Domestic System, Northern 
Hay Plains

10-12 GL

Horticulture farm refurbishment Approx 50 GL

TOTAL 80 – 82 GL

BARREN BOX SWAMP PROJECT
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OVERALL OBJECTIVES

The BBS Project has generated significant water 
savings and contributed to environmental flows, 
whilst restoring more natural environmental 
flows to a significant portion of BBS.  

The overall objectives of the project are:
•	 reduce the evaporative losses from the 

swamp;
•	 achieve a minimum average of 20,000 

ML per annum in water savings which 
can be returned to the Snowy River for 
use as environmental flows; and 

•	 improve the reliability of supply to the 
downstream irrigators. 

•	 restore a more natural flooding regime, 
and therefore ecological system, to the 
remainder of the swamp

•	 improve the reliability of service to 
upstream irrigation districts;

•	 improve the flood handling capacity 
of the swamp and therefore flooding 
downstream of the swamp;

•	 improve the water quality within the 
swamp;

•	 improve the operational flexibility at the 
swamp; 

•	 reduce forced discharges to Mirrool
Creek floodway and thereby restore a 
more natural flow regime to the wetlands 
in this area;

•	 Preservation and enhancement of local 
sites of cultural indigenous significance;

•	 The generation of considerable social 
and economic benefits for local and 
regional communities through ensuring 
the continuation of sustainable irrigation 
in the Murrumbidgee Irrigation Area

BARREN BOX SWAMP PROJECT

Project Scope

The reconfiguration and structural works at 
Barren Box and the construction of the en-route 
storage at Brays Dam focused on improving the 
efficiency of two key aspects of MIA’s water 
supply, drainage and recycling system: 

•	 To reduce evaporation from Barren Box 
Swamp through the creation of  smaller, 
more responsive storages 

•	 To improve the ability of the drainage 
system to capture and reuse excess system 
flows from Mirrool Creek upstream of 
Barren Box, that would have otherwise 
been discharged as a forced release to 
the Mirrool Creek floodway and not 
accessible for irrigation. 

The large surface area to depth ratio of Barren 
Box Swamp results in significant evaporation 
losses (up to 23,000 ML per year).  The use of the 
swamp for water storage has also substantially 
altered its ecological characteristics, from an 
ephemeral wetland to a continuously inundated 
wetland which has degraded the ecological value 
of the system.

Excess drainage flows result when rainfall 
occurs over the MIA and as a result no irrigation 
is required.  When this occurs irrigators cancel 
their water orders.  However, due to the travel 
time of releases from the major water storages 
a substantial volume of water may already be in 
the supply system, as once downstream demand 
has been met excess system flows are generally 
lost to the system.  Theses are referred to as 
rainfall rejection flows.  When this occurs, and 
the water cannot be stored in Barren Box Swamp, 
forced discharges occur into lower Mirrool 
Creek.  Over the last 20 years an annual average 
of 26,000 ML has been released as a forced 
discharge.  This section of the Creek contains an 
ephemeral wetland system listed on the national 
register of important wetlands and as for Barren 
Box Swamp, excess water has caused some 
degradation of its ecological values.

In consideration of the above the Barren 
Box Swamp project has the following three key 
objectives:

•	 achieve an average of 20,000 ML 
per annum in water savings without 
affecting irrigators entitlements which 
can be returned for use as environmental 
flows;

•	 restore a more natural flooding regime, 
and therefore ecological system, to over 
half of Barren Box Swamp; and

ROB KELLY AND DAVID CHUBB
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•	 reduce forced discharges to Mirrool 
Creek floodway and thereby restore a 
more natural flow regime to the wetlands 
in this area.

In order to achieve the above objectives the BBS 
Project involved the following components:

•	 Splitting the site via internal embankments 
into 3 cells

	Active storage cell of 
1,230 ha (38% of the site) 
with a storage volume 
of 24,000 ML (need 
consistency with these 
numbers – is it 24,500 
and 4,500?)  If the borrow 
pits are now included it is 
the later

	Intermediate storage cell 
of 320 ha (10% of the site) 
with a storage volume 
4,000 ML

	Wetland cell covering 
1,650 ha (52% of the 
site)

•	 Widening of the Wah Wah Main Channel
•	 Rehabilitation of over 50% of the site to a 

natural wetland
•	 Construction of a 2000 ML en-route storage 

covering 97 hectares adjacent to Bray’s 
Dam on Mirrool Creek.  

1 This is Hidden Text it will not print
Figs. 2 and 3 provide an overview of the structural 
changes at Barren Box Swamp and Brays Dam 
respectively and Tables 2 and 3 show a summary of 
the storage specifications for each site.

Construction

The BBS Project involved the construction of two 
large earth embankment water transfer storages 
and associated structures and spillways.  The first 
consisting of a total length of 8.8 km of 5 m high 
internal embankments to split the natural depression 
which forms Barren Box Swamp into three cells.  The 
second, the en-route storage consisting of a 4.2 km, 
4 m high perimeter embankment on irrigation land 
upstream of Barren Box at Brays Dam.  Construction 
of the embankments commenced in November 2005 
and was completed in August 2006.  

Table 2.  Summary of storage specifications for Barren Box Swamp

Active Cell Attribute
Area 1,230 ha
Design storage capacity 24,000 ML
Average water depth 2.5 m
Maximum operating level (Full Supply) (AHD) 111.3 m
Embankment crest level (AHD) 112.8 m
Crest width 5 m
Embankment batter slopes 2H:1V & 5H:1V

Intermediate Cell Attribute
Area 320 ha
Design storage capacity 4,000 ML
Average water depth 1.5 m
Maximum operating level (Full Supply) (AHD) 110.4 m
Embankment crest level (AHD) 111.9 m
Crest width 5 m
Embankment batter slopes 2H:1V & 5H:1V

BARREN BOX SWAMP PROJECT
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Fig. 2.  Proposed Structural Changes to Barren Box Swamp
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Fig. 3.  Proposed Structural Works to Brays Dam en-route



32

Material for the construction of the earth 
embankments was sourced from each of the sites 
adjacent to each embankment. This posed a design 
issue as the in-situ soils are dispersive in nature at 
BBS.  To overcome this, the embankment design 
includes a sand filter to prevent internal erosion 
that could lead to piping failure.  Due to the large 
surface area of the water storages, the flat nature 
of the surrounding land and the high frequency 
of strong winds in the area, almost 50,000 m3

(40,000 m3 at BBS and 10,000m3 at Brays Dam) 
of locally sourced rock was placed on the earth 
embankments to protect them from erosion from 
wave action.

Due to the long embankment lengths, the 
design focused on optimising the geometry 
to reduce the volume of material required for 
construction and therefore the overall project 
costs. By steepening the embankment slopes and 
analysing the direction and frequency of strong 
winds in the area, the volumes of earth fill and 
rock wave protection required were reduced by 
nearly half from that of the original conceptual 
design.

Water Savings for Environmental Flows

With the modifications to Barren Box Swamp and 
the construction of the en-route storage the total 
water savings are predicted to be in the order of 
20,000 ML per year, making it one of the largest 

and completed water saving projects in NSW.  
This water has been permanently transferred 
for use as environmental flows in the nationally 
important Snowy and Murray River systems.

The savings for environmental flows were 
created by the construction of two water transfer 
storages within the confines of Barren Box 
Swamp substantially reducing the surface area 
which in turn will reduce evaporation from the 
swamp by an average of 14,000 ML per year.

In addition, the construction of the 2000 ML 
en-route storage at Brays Dam will capture the 
excess system flows or rainfall rejection flows 
(i.e. flows that would be discharged as forced 
release to Lower Mirrool Creek downstream of 
Barren Box Swamp) which in turn leads to a 
reduction in water being drawn from the river.  
Therefore, the en-route storage by itself and in 
combination with the works being proposed at 
Barren Box Swamp will create water savings 
within the system by improving system 
operating efficiency through the minimisation 
of water lost to the system.  

Restoring More Natural Flows to Lower 
Mirrool Creek

The Lower Mirrool Creek Floodway lies 
west of Barren Box and generally follows 
the natural course of Mirrool Creek.  It is 
approximately 85 km long, stretching to the 

Table 3.  Summary of en-route storage specifications for Brays Dam

Storage Cell Attribute

Area 97 ha
Design storage capacity 2,500 ML
Maximum water depth 3.3 m
Maximum operating level (Full Supply) (AHD) 125.1 m

Embankments Attribute
Bank Perimeter 4.1 km
Embankment crest level (AHD) 126.5 m
Crest width 5 m
Embankment batter slope 2H:1V 

ROB KELLY AND DAVID CHUBB
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Lachlan River, and ranges in width from 8 
m to 4 km.  Six major wetlands occur on the 
Floodway: Narrabri, Five Oaks, Highway, 
Berangerine, Little Berangerine and Belaley 
Swamps. The Lower Mirrool Creek Floodplain 
and its associated wetlands are listed on the 
Directory of Important Wetlands of Australia 
as they provide valuable habitat for a number 
of waterbirds.

It is generally acknowledged that the Lower 
Mirrool Creek Floodway has historically 
received too much water and that flows into 
this important ephemeral system should be 
reduced.  With the implementation of the 
Barren Box Swamp Project forced diversions 
to the Lower Mirrool Creek Floodway 
would be less than the existing conditions 
by a predicted 40%.  The effectiveness of 
this reduction in releases will be monitored 
by Murrumbidgee Irrigation through their 
ongoing long term biodiversity monitoring 
program which has been running for the last 
15 years.

Barren Box Swamp Wetland 
Rehabilitation

Barren Box Swamp is a natural depression on 
the Lower Mirrool Creek Floodplain.  Prior to 
its use for water storage, it was an ephemeral 
wetland dominated by Black Box (Eucalyptus 
largiflorens).  There are also historical 
descriptions of extensive and diverse aquatic 
and emergent vegetation from the period prior 
to the development of the perimeter levees.

Prior to the construction of the internal 
embankments the swamp was essentially 
a permanent water body characterised by 
expanses of open water with extensive cover 
of dead timber.  That environment did not 
provide conditions necessary to support the 
regeneration of flora or fauna that would be 
expected to be naturally occurring in large 
ecosystems such as this.

In splitting the swamp and reducing the 
surface area of the active storages, a significant 
proportion of the swamp (over 50%) which 
is currently used for water storage and flood 
mitigation, will be returned to a more natural 

flooding regime creating an ecologically alive 
and diverse wetland.  This will be achieved 
through increasing the diversity of vegetation 
such as macrophytes (submerged, floating 
leafed and emergent species) and also woody 
perennial native species endemic to the region. 
It would facilitate increased diversity and 
complexity of habitat for native waterfowl, 
amphibians and fish and provide wetting 
and drying phases of sufficient duration to 
stimulate the recruitment of aquatic and 
terrestrial plants and invertebrates.

During the environmental assessment 
process a Wetland Reference Group was 
formed to guide the project and to provide 
expert technical advice for the Wetland 
Concept Design. Representatives from a 
range of stakeholder groups and areas of 
scientific expertise were invited to participate 
in the ecological concept design of Barren 
Box Swamp. 

The objectives and values (current and 
future) for Barren Box Swamp were identified 
by members of the Wetland Reference Group 
and using these, four ecological principles 
were developed:

1. “The wetland is to be ecologically 
consistent with its bioregional 
context.” 

2. “Wetland conditions that favour 
dominating and invasive species 
(whether plant or animal, native or 
alien) are to be avoided or at best 
deliberately minimised.”  

3. “The design should aim for a wetland 
that is ecologically self-sustaining i.e. 
with high resistance, and requiring 
minimal intervention, ie with high 
resilience, once established.”  

4. “Ecological character of the wetland 
is to respect and be consistent with its 
cultural heritage.”

This is Hidden Text 
To further progress the rehabilitation of 

the wetland a Steering Committee, Technical
Reference Panel and Project Officer have been 
appointed and are responsible for the development 
of the rehabilitation and management plan.  It 

BARREN BOX SWAMP PROJECT
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is envisaged the development of the wetland 
rehabilitation and management plan will take 2 
years to complete with implementation to be on-
going.

RefeReNCeS

Murrumbidgee Irrigation (2003) Annual 
Environment Report.
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Wetland Salinity: Predicting the ecological consequences
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Abstract: Wetlands are becoming increasingly impacted by salinity as a consequence of rising 
groundwater and reduced flushing.  Rising groundwater rapidly introduces salt into wetlands often at 
concentrations that exceed the tolerance of many associated biota.  Reduction in the natural flushing 
of wetlands causes a gradual increase in salt concentrations over many years.  While the impact of 
such gradual rises may not exceed the tolerance levels for individuals, sub-lethal impacts may affect 
lifecycles of species, reducing recruitment into future generations. Ultimately the impact of both rapid 
and gradual increases in salt will be detrimental to the ecology and biodiversity of wetlands.  In this 
paper we examine the impacts of salinity on aquatic ecosystems and predict what the future wetland 
landscape may look like. 

WHAT IS SAlINITy AND HOW IS IT
MeASUReD?

In aquatic ecosystems salinity is the total amount 
(concentration) of dissolved salts (ions) present. 
The salts present are typically dominated by four 
cations: calcium (Ca+2), magnesium (Mg+2), sodium 
(Na+), potassium (K+);   and three anions: carbonate 
(HCO3

–1/CO3
–2), sulfate (SO4

–2) and chloride (Cl–1). 
In general Na+ and Cl– are the most abundant ions 
present in saline aquatic ecosystems (Nielsen & 
Brock 2006a).

The three most common estimates of salinity are:
 Total dissolved salts 

The most precise way to measure salinity is by 
establishing the total amount of dissolved salts (in 
mg/L) in the water with laboratory analysis. 
 Total dissolved solids (TDS)

The amount of dissolved material in the water is 
often used to estimate salinity, but because it usually 
includes dissolved organic matter it will over estimate 
the amount of salt present. Total Dissolved Solids are 
measured in the laboratory and are typically recorded 
in mg/L.
 electrical conductivity (eC)
Electrical conductivity is the most common 

measure of salinity and the easiest to use. A probe 

consisting of two metal electrodes that are exactly 1.0 
cm apart is placed into the water. A constant voltage 
is applied across the electrodes. An electrical current 
flows through the water due to this voltage and is 
proportional to the concentration of dissolved ions in 
the water — the more ions the more conductive.

RelATIONSHIP beTWeeN eleCTRICAl 
CONDUCTIvITy AND TOTAl DISSOlveD
SOlIDS

Typically, a relationship of TDS = 0.64 EC units 
is used to calculate salinity (Figure 1). However 
this relationship between EC and TDS varies 
with the concentration of ions in the water and the 
proportions of the different various ions present.  
The concentration and proportion of ions also varies 
between locations, primarily due to differences in 
catchment geology. For that reason EC does not 
always give an accurate measure of salinity  (Nielsen 
& Brock 2006a).

ACCUMUlATION Of SAlTS

After salts are carried into wetlands salts 
accumulate in wetland sediments unless wetlands 

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006
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Fig. 1. Relationship between two measures of salinity — EC units (balck bars) and mg/L (gray bars) 
of salt (Nielsen and Brock 2006a)

Fig. 2.  Concentrations of major ions in Macquarie Marshes sediment at a range of salinities.  Sedi-
ment exposed to either damp (black bars) or flooded (grey bars) hydrology (Nielsen and Brock 2006b)

DARYL NIELSEN AND MARGARET BROCK
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are flushed during flooding events. This process 
is natural in salt lake systems but anthropogenic 
processes are causing many freshwater systems 
to increase in salinity in this way. Salts may 
accumulate in the sediments due to surface run-
off, groundwater intrusion or evaporation from 
the exposed soil surface.  Salts may further be 
concentrated at the wetland surface by plants 
growing at the edges of wetlands drawing salts 
into their root zones as they take up water.  This 
raises the concentration of salts in the root 
zones of aquatic plants (Figure 2) potentially 
affecting the viability of the seed and egg banks 
of aquatic plants and invertebrates (Nielsen et 
al. 2003b; Nielsen & Brock 2006). 

Without flushing flows, repeated wetting and 
drying of wetland sediments with saline water 
leads to salt accumulation in the sediment.  
When the sediment is re-wetted this salt is 
mobilised further raising the concentration of 
salt in the water column (Figure 3, Nielsen et 
al. 2003b).

BIOTIC ReSPONSeS TO INCReASINg
SAlINITy

Components of aquatic communities respond to 
salinity in different ways as salinity increases 
along a gradient from fresh to saline.  As salinity 
increases there is a loss of diversity (Figure 
4, Hammer 1986). However salinity alone is 
not necessarily the only cause of species loss. 
Indirect effects may occur through the loss biotic 
elements that provide diversity of habitat and 
food resources that support otherwise salt tolerant 
biota (Williams 1998; Nielsen et al. 2003b). The 
combined affects of salinity and hydrology may 
also affect biota as demonstrated in the example 
above where plants and animals in the shallower 
areas of wetlands are more affected than in 
submerged conditions (Brock & Nielsen 2002; 
Brock et al. 2005; Brock & Nielsen 2006).

The majority of native Australian fish are 
derived from relatively recent marine ancestors. 
Studies have indicated that the majority of 

Fig. 3. The relationship between water regime and accumulation of salts in wetlands. Solid line indi-
cates the variation in salinity over time. Dotted line indicates the variation in water level over time. 
Small dashed line indicates biotic threshold level above which loss of taxa will occur. Large dashed 
line indicates mean salinity over time. Solid rectangle indicates the accumulation of salts in the sedi-
ment as a consequence of reduced flushing (Nielsen et al. 2003b).
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Fig. 4. Theoretical relationship between increas-
ing salinity and the number of species present 
(Hammer 1986).

native and introduced fish in Australia appear 
to be tolerant of salinities exceeding 3,000 mg/
L.  There has only been limited examination of 
the affect of salinity on juveniles and eggs but 
the survival and hatching of eggs is reduced at 
salinities greater than 3000 mg/L (Nielsen et al.
2003a). 

In general, macroinvertebrates are tolerant 
of a much broader range of salinity and many 
are able to survive in salinities above 10 g/L 
(Figure 5, Nielsen et al. 2003b).  In comparison 
smaller invertebrates such as rotifers and 
microcrustaceans have a much narrower salinity 
range in which they can survive (Nielsen et al.
2003b) and as salinity increases the abundance 
and diversity of animals capable of hatching from 
dormant eggs and surviving decreases (Figure 6,
Nielsen et al. 2003a; Brock et al. 2005). Most 
freshwater plants also have a narrow tolerance 
similar to that of rotifers and microcrustaceans, 
and are also restricted to salinities less than 3 
g/L (Figure 5, Nielsen et al. 2003b). As salinity 

Fig. 5. Loss of zooplankton, aquatic plants and macroinvertebrates across a range of wetlands along a 
salinity gradient (Nielsen and Brock in press).
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increases germination and survival from seeds 
decreases (Figure 7, Nielsen et al. 2003a; Brock 
et al. 2005).  

eCOlOgICAl CONSeqUeNCeS Of 
INCReASINg SAlT

The adverse effects salinity above 1000 mg/L 
on the biodiversity of aquatic biota in freshwater 
ecosystems is well documented (Hart et al. 1991; 
Nielsen & Hillman 2000; Hart et al. 2003; Nielsen 
et al. 2003a; Nielsen et al. 2003b; Brock et al.
2005).  These changes are predicted to be too 
rapid for taxa to adapt: freshwater taxa are lost and 
communities become dominated by salt tolerant 
taxa.  Other secondary, indirect impacts such as 
habitat modification and loss of food resources 
as a consequence of salinity also contribute to 
changes within these systems (Nielsen et al.
2003b).

Although many riverine, floodplain and 
wetland biota have mechanisms that allow survival 
during periods of extreme salt concentrations, the 
timing and duration of these naturally occurring 
high salt concentrations typically coincide with 
environmental conditions that promote the 
production of resistant egg or adult stages and 
reproduction and recruitment typically occurred 
in freshwater conditions.  Changes to both the 
salinity and hydrological regimes has shortened 
the periods of freshwater in which conditions 
are ideal for critical life processes such as egg 
and larval development.  By reducing the time 
available for such processes to occur the chances 
of successful recruitment for many aquatic biota 
is reduced (Figure 8) (Nielsen et al. 2003b).

One option for disposal of saline groundwater 
is to discharge it into rivers at a time when 
reservoir water (allocated for environmental use), 
could be used to dilute and flush salt downstream, 
minimising the impact of high salinity (Evans 
1989; Hart et al. 1991; Nielsen et al. 2003b).  
However, little is known on how to manage the 
timing, concentration, frequency and duration of 
such releases of salt water to minimise the impact 
on the aquatic biota (James et al. 2003; Nielsen 
et al. 2003b).  Few studies have examined the 
biological effects of pulses of salinity and those 

that have indicated a negative impact on aquatic 
communities (Crowther & Hynes 1977; Marshall 
& Bailey 2004).  Disposal of saline water may also 
have an impact on the water chemical composition 
that may indirectly impact on aquatic communities 
(Kefford 1998; Nielsen et al. 2003b).

Understanding the relationship between 
flow patterns, salt levels and environmental 
damage will enable predictions to be made on 
the consequences of management actions. How 
a combination of changes in flow and salt alter 
river and wetland communities is also relevant 
to management predictions. There are many 
systems that are naturally variable in both salinity 
and hydrology.  Data from these systems can be 
used as a baseline for predictions on how long-
term increases in salinity will affect the biota 
or ecosystem integrity. Linking salinity levels 
directly to mortality or recruitment potential 
of aquatic biota is not sufficient to predict the 
outcome of increasing salinity on freshwater 
ecosystems.   The effect of salt on ecosystem 
process must also be taken into account. Of 
particular interest are the effects of increasing 
salinity on primary and secondary production, 
nutrient dynamics and food web structure. Once 
we understand these interactions, links and flow-
on consequences, managers and researchers will 
be in a better position to predict the condition of 
aquatic ecosystems under modified salinity and 
move towards focusing on effective rehabilitation. 
For example, the use of environmental water 
allocations (environmental flows) could be 
considered as a tool in managing salinity in 
aquatic ecosystems once the relationships between 
hydrology, salinity and environmental damage 
are defined. Use of this relationship may enable 
effective disposal of salt contaminated water with 
minimal damage to the environment. 

If ecosystem health and salt can be related, 
then tools such as water allocations, river 
operation, engineering intervention and catchment 
management programs can be designed to 
manipulate salt loads to increase the health of 
aquatic ecosystems. Innovative experimental 
science together with imaginative predictive 
management can work together to underpin 
salinity management issues on both broad and 
local scales.

WETLAND SALINITY
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Fig. 6.  Hatching of zooplankton from Macquarie 
Marshes sediment exposed to different salinities  
A. Abundance of zooplankton hatching; and B.  
Number of zooplankton taxa hatching

Fig. 7.  Germination of aquatic plants from Mac-
quarie Marshes sediment exposed to different sa-
linities  A. Abundance of plants germinating;   B.  
Number of plant species germinating.  Black bars 
germination in damp conditions and grey bars in-
dicate germination in flooded conditions
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Fig. 8 . Changes in life history traits as a consequence of modifying the delivery of salt. A: Natural 
delivery. B: Increased delivery. Solid line indicates increasing salinity over time. Dotted lines indi-
cate tolerance levels for each life history phase. The time available for completion of each stage is 
decreased as the rate of delivery of salt is increased (Nielsen et al. 2003b).
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Abstract:  Sediment cores were extracted from eight wetlands along the Murrumbidgee River floodplain 
for palaeolimnological analysis. The chronology of all cores was supported by the identification of the 
arrival of exotic Pinus pollen while radiometric dating was undertaken on three wetland sequences. 
The fossil diatoms of all cores were identified and enumerated and the known water quality preferences 
of the common taxa were used to reconstruct the water quality history of each wetland. The inferred 
sedimentation rates in the wetlands ranged from 1 to 10 mm/yr which is within the range documented 
for elsewhere in the Murray Darling Basin. Sediments deposited before European settlement in Berry 
Jerry Lagoon showed shallow, clear water conditions with macrophytes. Several sites show early 
onset of salinisation, and, in the case of McKenna’s Lagoon, eutrophication. By the early 20th century, 
most wetlands had been impacted by either salinisation, eutrophication or elevated levels of water 
turbidity. These symptoms, and the widespread increases in river plankton taxa, can be attributed to 
river regulation. The modern flora of all sites is in contrast with their baseline assemblages. The modern 
diatom assemblages reveal that, relative to their baseline condition, all sites are eutrophic and are 
affected by salinisation and/or increased sedimentation or turbidity levels. 

INTRODUCTION

The condition of floodplain wetlands is a function 
of inputs directly from main river channels, 
mostly in times of flood, and endogenic processes 
which may dominate during low flow when the 
connection between the river and the wetland 
may be severed. This exchange between river 
and wetland (described in Hillman 1986) varies 
transversely across the floodplain with wetlands 
proximal to the main channel having longer 
and more frequent connection than wetlands at 
the floodplain margin. In the Murray Darling 
Basin the condition of the main channel has been 
impacted by human settlement and development 
that has increased the flux of nutrients, sediment 
and salts and regulated flow and extracted water 
resulting in waters that are now more saline, 
nutrient rich and turbid. The flows of the rivers 
have become lower, less variable and of lower 
amplitude with natural winter/spring peak flows 
skewed towards spring/summer to accommodate 
the (Jones et al. 2002; Norris et al. 2002). As a 

result of these changes the quality of the water 
entering floodplain wetlands has declined. In 
addition, development of the floodplain has 
increased the local input of sediments and salts 
to wetlands. In response to this degradation of 
wetland condition there has been deliberate 
action to rehabilitate and restore wetlands across 
Australia. 

Restoration requires an understanding of a past 
condition but often this is presumed or unknown. 
The available monitoring data often lacks time 
depth and ethnohistoric evidence is often biased 
to events. Research methods that access the 
indicators of the past archived within sediment 
sequences can provide a long-term record. Those 
based on geomorphological evidence have 
shown substantial erosion and re-deposition on 
sediments in the Murrumbidgee floodplain from 
very early in European settlement (Wallbrink 
et al. 1998; Prosser et al. 2001). Those that use 
fossil indicators within wetland sediments have 
shown substantial change in water quality, again 
from early in European settlement (Thoms et al. 

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006
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1999; Ogden 2000; Reid et al. 2002; Gell et al. 
2005a, b). While it is acknowledged that the pre-
European condition of a wetland may be beyond 
the reach of even the best resourced rehabilitation 
programs, such evidence quantitatively measures 
the degree of degradation of a wetland and 
provides a yardstick to measure the real outcomes 
of wetland rehabilitation investment. It may 
also reveal which forces have been of greatest 
influence on the natural ecological character of a 
wetland and so enables the manager to prioritise 
measures that target the principal drivers of 
ecological change. 

This study uses diatom-based 
palaeolimnological techniques to trace the water 
quality history of the eight wetlands along the 
Murrumbidgee River floodplain. The time frame 
covers the origin of each wetland through to the 
present at a resolution that reveals general trends. 
Data-bases to quantitatively reconstruct the 
history of the water quality of floodplain wetlands 
are not yet available and so the interpretation of 
change, at this stage, is based on a qualitative 
approach based on known habitat and water 
quality preferences of diatom taxa. 

METHODS

Eight wetlands along the Murrumbidgee River
floodplain between Wagga Wagga and Balranald 
were selected for sediment and diatom analysis 
(Fig. 1). These were selected in the aim of 
covering the length of floodplain. Most of the 
sites were cored with either a Livingstone corer, 
a field piston corer (Chambers & Cameron 2001) 
or a Russian (d-section) corer (after Jowsey 
1966). Some dry sites were augured with an 8 cm 
diameter auger head. More than 7 m of sediment 
was recovered, in the form of ten cores from eight 
sites. In all cases coring continued until the core 
head met resistance from the lower sediments. 

The upper sediments of each core were sub-
sampled to identify the arrival of Pinus pollen in 
the record following the bulk method of Ogden 
(1996). Pinus pollen is wind transported and so 
is a grain that is well represented in sediment 
sequences. The level of its first arrival in sediment 
sequences has frequently been attributed a date 

of ~ 1850 AD.  However, recent studies have not 
detected it below sediments independently dated 
to the mid-1900s (e.g. Gell et al. 1993). As such 
it is used here as a label for sediments deposited 
after European sediment but no definitive age is 
given to the level of its first detection. 

Twenty samples (Coonancoocabil Lagoon 
(10); Balranald Weir (5); Berry Jerry Lagoon (5)) 
were selected for gamma spectrometry to generate 
a 210Pb decay profile and to gain evidence for 137Cs
activity. Extrapolations of these data to estimate 
the onset of European settlement are made in 
recognition of the high sediment fluxes between 
the beginning of settlement and regulation 
(Wallbrink et al. 1998; Prosser et al. 2001), and 
reduced fluxes since (Olley & Wallbrink 2004).

The nature of the sediment in a core sequence 
can provide evidence of the nature of a wetland and 
its source river through time. The sediments of all 
cores were described (sensu Kershaw 1997) and 
their magnetic susceptibility, moisture, organic 
and carbonate content determined. The magnetic 
susceptibility of all cores was determined with 
a Bartington MS2 meter and loop. The moisture 
content of each core is determined by loss of 
weight on drying at 50 ºC. The organic content 
is the loss of weight on combustion at 550 ºC 
for two hours. The proportion of carbonate in the 
inorganic remains was determined by the loss of 
weight on combustion at 925 ºC for four hours. 

Samples of 0.25 – 0.5 cm3 were taken for 
diatom analysis from multiple levels along each 
core. More samples were taken from the longer 
cores and in all cases sampling resolution was 
greatest near the surface. Samples were prepared 
using standard hydrochloric acid and hydrogen 
peroxide digestion techniques (after Battarbee et
al. 2001) and mounted on slides using Naphrax 
mountant. Coverslips were traversed and diatom 
taxa identified and enumerated until 200 valves 
were counted. Identification was supported by 
standard texts (Krammer & Lange-Bertalot 
1986, 1988, 1991a, 1991b; Sonneman et al. 
2000). The relative abundance of each taxon is 
shown against sediment depth using the program 
C2 (Juggins 2003). The taxa have been attributed 
to ecological groups that relate to water source 
and condition based on van Dam et al. (1994), 
Gell (1997), Gell et al. (2002), Sonneman et al. 
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Fig. 1. Location of Murrumbidgee River floodplain wetlands
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(2000), Tibby (2004) and Tibby & Reid (2004). 
A dendrogram (CONISS) reveals statistically the 
level of greatest change in the diatom flora (the 
greater the total sum of squares the more different 
the assemblages).

RESULTS

The records of changing diatoms assemblages 
and sediments from the wetlands are provided 
in downstream order in Figs. 2-11. They are 
described from the base upwards to follow 
change through time. 

Bomen Lagoon

An 85 cm core was extracted from Bomen 
Lagoon. The lowest 30-35 cm of sediment 
is grey, silty clay (Figure 2). Above this the 
stratigraphy is variable with greater proportions 
of silt. The magnetic susceptibility values varied 
between –10 units except from 70-55 cm where 
they approached 1. Peaks are noted at 82, 76, 
52 and 27 cm. Pine pollen was recorded from 
40 cm to the surface. The diatom community 
in the lower sediments (85-60 cm) preserved a 
mixed assemblage of benthic (Navicula spp.) and 
planktonic taxa (Aulacoseira spp., Cyclotella
pseudostelligera). The nutrient indicator taxa 
Cyclostephanos tholiformis and Stephanodiscus 
hantzschii/Cyclotella meneghiniana are common 
at 80 cm and between 70-65 cm respectively. The 
middle diatom zone (60-17 cm) is heralded by an 
increase in aerophilous types (Diploneis parma,
Luticola mutica) and epiphytes of the genus 
Gomphonema. Centric species are abundant at a 
range of levels but particularly at 35 cm where 
they jointly represent ~ 50% of valves. The 
relatively clearwater, centric diatom Cyclotella
stelligera increases from 30 cm. The upper zone 
(17-0 cm) is marked by an abrupt increase in the 
epiphyte Cocconeis placentula and the nitrogen 
heterotroph Cyclotella meneghiniana. Several 
taxa (Amphora spp., Epithemia spp., Melosira
spp.) are exclusive to, or most abundant in, this 
zone while Cyclostephanos tholiformis,Diploneis 
parma, Luticola mutica and Stephanodiscus 
hantzschii are largely absent. Over 50% of valves 

between 9-4 cm were Cyclotella stelligera while
50% were Cyclotella meneghiniana at 3 cm. 

Berry Jerry Lagoon

The sediments of the 150 cm long core were 
predominantly grey clays (Figure 3). The 
proportion of silt increases from 23 cm and 
organic matter from 10cm. 210Pb activity 
was measurable at 18+20 cm and 32+33 cm 
but not below (Figure 4). 137Cs activity was 
evident at 18+20 cm and 32+33 cm. It was 
close to background at 50-51 cm but within 
three standard errors and so not considered 
detectable. It was not detectable below this level.
Magnetic susceptibility values are mostly ~ 10 
but decrease to near zero between 120-90 cm 
and above 20cm. Pine pollen was detected at 6 
cm but not below. The lowermost sample (150-
95 cm) is dominated by the planktonic diatom 
Aulacoseira ambigua. The remaining five 
sediment samples in the lowest zone preserved 
a mixed assemblage of benthic (Epithemia spp., 
Eunotia spp., Pinnularia viridiformis, Stauroneis 
phoenicenteron) and epiphytic (Cocconeis
placentula; Gomphonema spp.) taxa. The small 
planktonic form Aulacoseira subborealis is well 
represented. At 90 cm Melosira varians and
Melosira arentii increase and Gyrosigma spp. 
appear. The brackish Chaetoceros sp. peaks 
between 80 and 60 cm and Gyrosigma spp. 
reach 30% of valves at 60 cm. The boundary to 
the next zone, at 35 cm, represents the greatest 
change in diatom flora heralded by the loss of 
Chaetoceros sp. and Gyrosigma spp. and the 
increase in Aulacoseira subborealis. From 20 
cm aerophilous forms, particularly Diadesmis
confervaceae, increase with Gomphonema spp. 
and Pinnularia viridiformis. The river plankter 
Aulacoseira granulata is confined to this zone. 

Yanco Agricultural High Weir

The basal sediments of this 55 cm long core are 
heavy clay, above which is fine silty-clay with 
increasing evidence of detrital matter (Figure
5). The magnetic susceptibility record declines 
steadily from the base of the core suggesting a 
gradual but sustained shift in sediment source. 

PETER GELLAND FIONA LITTLE
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Fig. 2.  Summary Diatom Diagram of Bomen Lagoon

LONG TERM WATER QUALITY CHANGES
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Fig. 3.  Summary Diatom Diagram of Berry Jerry Lagoon
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Pine pollen was detected as low as 18 cm. The 
basal sample (55 cm), in the heavy clay, is without 
preserved diatoms. The lower diatom zone (55 
– 28 cm) features aerophilous taxa (particularly 
Diadesmis confervaceae, Hantzschia 
amphioxys), the epiphyte Gomphonema spp. 
and the benthic Nitzschia spp. Few planktonic 
forms were recorded. The next zone (28 – 10 
cm) is marked by the dominance of Diadesmis 
confervaceae and a minor increase in Achnanthes 
spp. and Planothidium spp. Gyrosigma spp. 
were noted between 28 – 25 cm. Diadesmis 
confervaceae declines sharply into the upper 
zone (10 – 0 cm) to be replaced by a mixed 
assemblage comprising Sellaphora pupula,
Achnanthes spp., Amphora spp., Cocconeis 
placentula, Gyrosigma spp., Placoneis spp. and 
Staurosira construens. 

Coonancoocabil Lagoon (core A)

A 115 cm core was extracted from this site. The 
basal 20 cm of sediments are heavy clay. Above 
this they are predominantly silt (Figure 6). There 
is a greater sand fraction between 30-20 cm and 
the appearance of fine rootlets in the upper 20 
cm. The magnetic susceptibility trends towards 
zero at 80 cm and gradually increases to 24 by 
50 cm. Values vary greatly between 35-25 cm 
and then low values persist to the surface. Pine 
pollen was detectable at 40 cm but not below. 
No diatoms were preserved below 70 cm. The 
lowest sample in which diatoms are preserved 
is dominated by the epiphyte Cocconeis 
placentula and Melosira spp. Benthic forms 
(e.g. Gyrosigma spp., Navicula spp.) increase 
at 60 cm, as does Aulacoseira subborealis. The 
arrival of Aulacoseira ambigua and Aulacoseira 
granulata marks the beginning of the next 
zone (45-12 cm). Here, the eutraphentic taxa 
Cyclotella meneghiniana and Stephanodiscus 
hantzschii increase and Melosira spp. decline. 
Navicula spp. are common. The upper 12 cm 
is characterised by plankton dominance (mostly 
Aulacoseira granulata, Aulacoseira subborealis,
Cyclotella meneghiniana, Cyclotella stelligera 
and Stephanodiscus hantzschii) and increases 
in Achnanthes spp. and facultative planktonic 
taxa. The brackish taxon Cyclotella striata 

is common between 10-5 cm and Cyclotella 
stelligera achieves representation greater than 
30% of valves at 2 cm. 

Coonooncoocabil Lagoon Core B1

The sediments of this 50 cm long augur core 
are silty clay throughout with some variation in 
darkness (Figure 7). 210Pb activity was measurable 
in all samples down to, and including, 20-25 cm but 
not below (Figure 4). 137Cs activity was evident in 
all samples down to, and including 25-30 cm, but 
not below.  At 25-30 cm 137Cs activity was within 
three standard errors and so is not considered 
detectable. Pine pollen was detected as low as 
28 cm. No diatoms were preserved in the lower 
two, or upper two, samples. From 50-27.5 cm the 
diatom assemblage is dominated by Melosira spp., 
Navicula spp. and, in the upper sections, Pinnularia 
braunii. Eunotia spp., Gomphonema spp. and 
Bacillaria paxillifer are regular members of the 
flora. The middle zone is characterised by high 
numbers of the epiphyte Cocconeis placentula,
representing over 60% of valves at 20 cm. The 
benthic saline indicator Gyrosigma attenuatum 
dominates at 10 and 5 cm and Nitzschia spp. are 
most common here. Most other taxa are at their 
lowest values in the upper zone. 

Coonooncoocabil Lagoon Core B2

The lower sediments are medium clay but above 
25 cm, they are described as silty clay (Fig. 8). 
The magnetic susceptibility values peak at 24 cm 
and are lowest at 14 cm. Pine pollen was found 
as low as 16 cm. The lowest zone is dominated 
by Melosira varians and Melosira arentii with 
modest numbers of Epithemia spp. at 33 cm. 
The next zone is marked by an increase in 
Bacillaria paxillifer and Cocconeis placentula. 
Diadesmis confervaceae is common between 21-
13 cm. Cyclotella spp. increase here are relatively 
common to the top of the core. The next zone is 
sees the replacement of Bacillaria paxillifer and 
Cocconeis placentula with Aulacoseira spp. and a 
range of benthic forms. More than 30% of valves 
at 5 cm are of the saline indicator Gyrosigma 
attenuatum. The uppermost zone sees the 
Aulacoseira/Cyclotella plankton flora joined by 
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the nutrient indicators Stephanodiscus hantzschii 
and Thalassiosira pseudomana and the nutrient-
tolerant Gomphonema spp. maintain their highest 
levels for the core. 

Gooragool Lagoon

The sediments of this 70 cm long core are medium 
to heavy clay ranging in colour from brown to dark 
grey (Fig. 9). The magnetic susceptibility varies 
in the lower sediments with a substantial peak 
at 67 cm. Above 40 cm these values are reliably 
between 15-25.  Pine pollen was only recorded 
to 3 cm depth. Diatoms were not preserved in the 
basal sample. At 60 cm the assemblage is a mix of 
benthic and planktonic taxa with Epithemia spp., 
Eunotia formica and Craticula cuspidata common 
amongst the former and Aulacoseira ambigua 
and Aulacoseira subborealis in the latter group. 
Navicula spp. increase quickly to dominate at 50 
cm, then decline at 30 cm but remain common 
to the top of the core. At 20 cm Tryblionella spp. 
increase in association with Gyrosigma spp. At 15 
cm these decline leaving a mixed assemblage. The 
upper zone (13-0 cm) is characterised by the influx 
of Gomphonema spp. and Nitzschia spp. and an 
increase in Aulacoseira granulata, Cyclotella 
meneghiniana, facultative planktonic forms as 
well as, in some levels, Cyclotella stelligera. 

Homestead Lagoon

A 35 cm core was retrieved from Homestead 
Lagoon. From 35 – 5 cm the sediments are light or 
silty clay (Fig. 10). The upper 5 cm are medium clay. 
Pine pollen was found as low as 15 cm. The most 
common taxa in the lowest sample are Aulacoseira
spp. and Chaetoceros muelleri. Melosira varians
increases to 40% of valves at 30 cm but is largely 
replaced by Cocconeis placentula, Aulacoseira 
spp. Gyrosigma spp. and Melosira arentii in the 
next zone (27-13 cm). Melosira varians returns 
to share dominance with Melosira arentii and 
Pseudostaurosira brevistriata at 5 and 10 cm. The 
uppermost sample (1 cm) is the most distinctive 
with Diadesmis confervaceae, Gomphonema 
parvulum, Nitzschia spp., Chaetoceros muelleri 
and Cyclotella meneghiniana being well 
represented. 

McKenna’s Lagoon

The sediments of this 40 cm long core are 
largely grey clay varying in darkness (Fig. 11). 
Pine pollen was detected as far as 17 cm. 
The lowest zone is dominated by Melosira 
varians that cedes dominance to Epithemia 
adnata and Cyclotella meneghiniana by 30 
cm. Gomphonema parvulum and Chaetoceros 
are well represented, as is Pseudostaurosira 
brevistriata at 35 cm. The next zone (26-13 cm) 
is characterised by Gomphonema parvulum,
Pseudostaurosira brevistriata and Staurosira 
construens. The uppermost zone (13-0 cm) is 
marked by a return of Epithemia spp. and a peak 
in Melosira arentii. Cocconeis placentula peaks 
at 5 cm while the uppermost sample is mainly 
Psammothidium saccculum, Tryblionella 
hungarica and Cyclotella meneghinaina, in the 
absence of Epithemia spp. 

Balranald Weir

The 100 cm long core was predominantly grey-
brown clay with a shallow detrital layer in the 
upper centimetre (Figure 12). 210Pb activity was 
measurable at 18-19 cm but not below (Fig. 4). 
137Cs activity was evident at 18-19, 30-31 & 50-
51 cm but not below. Magnetic susceptibility 
values increase at 38 cm and, from 13 cm, 
decline to the surface. Pine pollen was not 
evident below 3 cm. The lowest diatom zone 
(100-73 cm) is characterised by high magnetic 
values and a diverse flora comprising epiphytic 
(Cocconeis placentula) and benthic taxa 
(Navicula spp., Pinnularia spp.), as well as a 
range of planktonic forms (Aulacoseira spp., 
Cyclotella spp.). The next diatom zone (73-36 
cm) is marked by an abrupt shift to Aulacoseira 
spp., firstly A. ambigua and A. granulata, and 
then, at 60 cm, by the smaller A. subborealis. 
Magnetic susceptibility values decline abruptly 
at the base of the zone and decline through 
it. Aerophilous taxa (that reflect erosion or 
exposed mudflats) reach maximum values at 
60 cm. Aulacoseira subborealis is replaced 
largely by A. ambigua and A. granulata in 
the uppermost zone (36–0 cm), which is also 
characterised by increased representation of 
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Fig. 5.  Summary Diatom Diagram of Yanco Agricultural High Weir
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Fig. 6.  Summary Diatom Diagram of Coonancoocabil Lagoon A
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Fig. 7.  Summary Diatom Diagram of Coonancoocabil Lagoon B1
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Fig. 8.  Summary Diatom Diagram of Coonancoocabil Lagoon B2
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Fig. 9.  Summary Diatom Diagram of Gooragool Lagoon
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Fig. 10.  Summary Diatom Diagram of Homestead Lagoon
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Fig. 11.  Summary Diatom Diagram of McKenna Lagoon
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Fig. 12.  Summary diatom record from Balranald Weir

LONG TERM WATER QUALITY CHANGES



60

Cyclotella meneghiniana and Cyclostephanos 
tholiformis. The nutrient indicator Nitzschia 
amphibia reaches its maximum values at 20 
cm.

DISCUSSION

Chronology and Sedimentation Rates

The 210Pb and 137Cs activities of several 
samples from three cores were analysed. These 
techniques work well in situations (e.g. crater 
lakes) where most of the input is from aerial 
sources. In fluvial systems, interpretation of 
changes in the activities of these elements is 
complicated by the likelihood of sometimes 
rapid input of material transported from a 
range of sources (see Gell et al., 2005a and 
2005b for discussion). Where sedimentation 
rates change, many more analyses are needed, 
in fine resolution, to pinpoint the timing of the 
change. So, in the case of three of these sites, 
the combination of 210Pb, 137Cs and pine pollen 
provides corroborative evidence to establish 
a chronology, but it remains tentative given 
the fluvial setting and the relative paucity of 
samples analysed. For the remaining sites the 
chronology rests on the first presence of pine 
pollen and that point could be any time between 
1850 and 1950 AD. 

The presence of pine pollen at 40 cm in the 
85 cm long core from Bomen Lagoon suggests 
that this record is quite young. It could be 
reasonably postulated that the major change in 
diatom flora and magnetic susceptibility at 60 
cm marks the impact of European settlement. 
The recent sedimentation rate is therefore ~ 4
mm/yr, which is moderately high. Among the 
diatom flora, the presence of nutrient indicators 
as low as 80 cm suggests that, in fact, the 
entire record may be post-European, even 
post-regulation. If the latter is the case then 
a sedimentation rate of 10 mm/yr would be 
calculated. This is high, but not unprecedented 
in lowland river wetlands of the Murray-
Darling Basin (Gell et al. 2006). 

The absence of pine pollen at 10 cm at Berry 
Jerry Lagoon suggests that much of the lower 
sediments were deposited before European 

settlement, although, as noted above, that point 
is likely to be well below 10 cm. The presence 
of excess 210Pb and 137 Cs at 32 cm suggests 
however that most of the record covers the 
period of European settlement. Here, in the 
absence of a more reliably chronology, 95 
cm is assumed to represent early European 
settlement and 35 cm is assumed to represent 
~ 1920 AD. The recent sedimentation rate is 
therefore ~ 4.1 mm/yr which is moderately 
high. 

The absence of pine pollen at 20 cm at 
Yanco Agricultural High Weir suggests that 
the base of the record may extend beyond the 
beginning of European settlement. Assuming 
50 cm marks the beginning of settlement, the 
minimum sedimentation rate is 3-4 cm/yr, which 
is moderately high.

Pine pollen extends almost half way down 
each core from Coonancoocabil Lagoon 
suggesting that all three may extend to the 
beginning of European settlement only. The 
presence of excess 137Cs at 20-25 cm, but not 
below (nominally undetectable at 25-30 cm), 
supports the theory that the record for core B1 is 
all post-European. It would have been expected 
that 210Pb would have been detectable at or below 
30 cm however this is not the case. Here, in the 
absence of a more reliably chronology, ~ 1920 
AD is believed to be equivalent to 40 cm in core 
A and ~ 15 cm in core B2 based on the increase 
in Aulacoseira spp. The recent sedimentation 
rates are therefore ~ 4.7 mm/yr and 1.8 mm/yr 
respectively which is moderate to low compared 
to other post-European records in the Murray-
Darling Basin. The low numbers of Aulacoseira
spp. in core B1 limit the identification of the time 
of river regulation. Assuming 30 cm predates the 
arrival of 137Cs in 1958 AD, then the minimum 
sedimentation rate is 6.4 mm/yr. 

The absence of pine pollen below 5 cm in 
Gooragool Lagoon suggests the lower sediments 
represent a period pre-dating European 
settlement. If the rise in Aulacoseira ambigua 
and Aulacoseira granulata represent regulation, 
the upper sedimentation rate is approximately 
1mm/yr, which is low.

The presence of pine pollen at 15 cm in 
Homestead Lagoon suggests that most, if not 
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all the record covers the European period. This 
suggests that the minimum sedimentation rate 
is 1 mm/yr although it is likely to be 3-5 times 
greater than this.

The presence of pine pollen at 20 cm in 
McKenna’s Lagoon suggests that most, if not all 
the record covers the European period. This gives 
a minimum recent sedimentation rate of 1-2 cm 
but it is likely to be at least double that.

The absence of pine pollen at 5 cm at Balranald 
Weir suggests that this record extends well 
beyond the beginnings of European settlement. 
Well-dated sequences however, have shown pine 
pollen influx to mark dates as young as 1965 AD 
(Gell et al. 1993; Bickford 2001) and so it cannot 
be presumed that sediments below 5 cm pre-date 
European settlement. The detection of 137Cs as 
low as 50 cm suggests that these sediments may 
be much younger and that, in fact, the record may 
span little more than a century. The absence of 

excess 210Pb, possibly at 50 cm, but certainly at 64 
cm, contradicts this however. Here, in the absence 
of a more reliably chronology, 75 cm is assumed 
to represent ~ 1920 AD based on the increase in 
Aulacoseira spp. The recent sedimentation rate is 
therefore ~ 8.8 mm/yr, which is high. 

Water Quality Changes in Murrumbidgee 
Wetlands

The changing water quality conditions of wetlands 
along the Murrumbidgee River floodplain, as 
inferred from the changes to the fossil diatom 
assemblages, are provided in table 1. Four broad 
time frames are provided owing to the lack of 
clear chronological control. 

Baseline Conditions
The only record that definitively extends into 
the pre-European period is that from Berry 

Table 1. Catchment-wide patterns of water quality changed inferred from fossil diatom assemblages

Pre-European Early post- 
European

Mid post- 
European

Recent decades

Bomen Lagoon eutrophication 
sedimentation

eutrophication 
sedimentation
brackish

Berry Jerry shallow, 
macrophystes 

brackish regulation eutrophication 
sedimentation

Yanco Agricultural
High Weir

sedimentation turbidity 
salinity

turbidity 
eutrophication?

Coonancoocabil
Lagoon

shallow regulation eutrophication 
salinisation
sedimentation

Gooragool Lagoon shallow shallow brackish 
regulation

eutrophication

Homestead Lagoon brackish eutrophication 
sedimentation

eutrophication 
sedimentation
brackish

McKenna’s Lagoon eutrophication 
salinisation

sedimentation eutrophication? 
Sedimentation
brackish

Balranald Weir fresh, variable 
depth

regulation eutrophication 
salinisation
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Jerry Lagoon. This lagoon was originally river-
connected as indicated by a peak in the plankton 
Aulacoseira ambigua. Up to the first impact 
of European people Berry Jerry Lagoon was 
mainly shallow and macrophyte rich. The basal 
sediments of Coonancoocabil Lagoon may 
also represent a pre-impact baseline, support 
epiphytic taxa such as Cocconeis placentula,
Epithemia spp and Melosira spp. also suggesting 
clearwater, macrophyte rich conditions. This 
baseline condition is also reflected in Gooragool 
Lagoon where epiphytic and benthic taxa, and 
Aulacoseira ambigua, dominate the lowest 
samples.  

Early Human Impact
Three wetlands reveal evidence for increased 
salinity levels early in European settlement. The 
arrival, at Berry Jerry Lagoon, of the Chaetoceros,
joined by Gyrosigma spp., marks an extended 
phase of elevated salinity centred on the late 
1800s.  The high proportions of Chaetoceros
muelleri in the basal samples of Homestead and 
McKenna’s Lagoons suggest brackish conditions 
at their origin. At McKenna’s Lagoon the peak 
in Cyclotella meneghiniana suggests an early 
influx of nutrients. At Yanco Weir the changing 
lithostratigraphy and the dominance of the 
aerophilous Diadesmis confervaceae from 30 
cm suggest an early increase in sediment input. 
Such early increases in salinity and sediment 
supply were documented at Tareena Billabong 
downstream from Wentworth (Gell et al. 
2005b).

Post Regulation
Several sites reveal the impact of river regulation 
through increases in the river plankton Aulacoseira
spp. This effect is widely documented across 
the River Murray system (Gell et al. 2005a) and 
reflects artificially elevated water levels and a 
shift to a phytoplankton dominated state. Turbid 
water indicators are evident at Yanco Weir from 
this time. The onset of eutrophication appears to 
commence at this time in Bomen and Homestead 
Lagoon as indicated by the arrival of Cyclotella 
meneghiniana in both and Nitzschia spp. and 
Gomphonema spp. in the latter. Increases in 
Tryblionella spp. mark the onset of salinisation 

at Gooragool Lagoon and Yanco Weir with the 
latter also supporting Gyrosigma spp. 

Recent Impacts
The diatom flora of all sites reveal nutrient 
enriched conditions in modern times. The 
principal indicators of this are Cyclostephanos  
dubius, Cyclostephanos tholiformis, Cyclotella 
pseudostelligera, Cyclotella meneghiniana,
Nitzschia amphibia, Stephanodiscus hantzschii,
Stephanodiscus niagarae and Stephanodiscus 
parvus, all that are widely recognised as 
preferring eutrophic conditions (e.g. van Dam 
et al. 1994). Other than Bomen Lagoon, these 
taxa are absent, or at least rare, in the basal 
sediments of all sites. Recent salinisation is 
evident is several sites. Actinocyclus normanii,
a river plankton with an elevated salinity 
tolerance (Tibby 2004), arrives in the uppermost 
samples of Bomen and Homestead Lagoons 
and Balranald Weir suggesting elevated river 
salinities. Elsewhere, benthic halophiles e.g, 
Gyrosigma attenuatum, reveal local salinisation 
effects. Other than for the uppermost sample 
the recent flora at Berry Jerry Lagoon was not 
dissimilar to those at its origin (core base). 
In all other sites the flora contained in the 
uppermost samples is in clear contrast to the 
basal sediments demonstrating the water quality 
of all wetlands has changed. The modern taxa 
are reflective of saline, nutrient rich or turbid 
conditions revealing symptoms of widely 
recognised anthropogenic stressors on lowland 
floodplain wetlands. Similar species have come 
to dominate the fossil records from wetlands 
in the lower reaches of the River Murray (Gell 
et al. 2005a; 2006) suggesting these changes 
are catchment-wide and not specific to the 
Murrumbidgee River system. 

CONCLUSION

The diatom assemblages in most lagoons 
display a high degree of variability through 
time, masking any clear interpretations 
for limnological change. Nevertheless, the 
sustained presence of several reliable indictors 
of elevated nutrients, salinity or turbidity, allow 
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for general trends in water quality to be inferred. 
It is evident from the sites with long records 
that, before European settlement, wetlands were 
shallow, fresh and clear relative to the present. 
Assuming the postulated chronology is close to 
real, it is evident that there was an increase in 
salinity, nutrient levels and sedimentation from 
early in European settlement. Several wetlands 
show a clear increase in Aulacoseira spp. 
consistent with increased hydrological linkage to 
the main river after regulation. Eutrophication, 
but also increased salt and sediment supply, is 
also a feature of this time period. Relative to 
their original condition, all sites are impacted 
in terms of their diatom-inferred water quality. 
All are nutrient enriched, some more obviously 
than others. Increased rates of sedimentation 
are widespread, despite reduced loads in the 
Murrumbidgee River itself in recent years 
(Olley & Wallbrink 2004). Wetland turbidity 
and salinity appears to have increased since 
European settlement. Salinity appears to have 
decreased recently at selected sites. These 
changes are consistent with those documented 
in the lower part of the system suggesting they 
are catchment wide symptoms and not peculiar 
to individual wetlands or stretches of floodplain. 
The extraction of the fossil remains of other 
biological indicators will enable a broader 
ecosystem response to these diatom-inferred 
changes to be documented. 
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New South Wales Ramsar Managers Network - government and 
landholders working together 
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Abstract:  The New South Wales Ramsar Managers Network is a group of private landholders and 
Government representatives involved in the management of Ramsar wetlands in New South Wales. It was 
established by the Minister for the Environment in September 2003 to address increasing concerns from 
private Ramsar managers that their commitment to conservation was not being adequately recognised by 
Government. Private landholders were concerned that the importance of Ramsar wetlands was not being 
recognised by Government or the community, particularly with regard to water sharing and funding for 
on ground management. In the last two years, the network has made good progress in raising the profile 
of Ramsar wetlands in New South Wales, attempting to acquire adequate water to maintain ecological 
character and highlighting the challenges facing private Ramsar managers. Activities have included: 
ecological character descriptions, state communications program (e.g. Ramsar brochures, videos, 
television advertisements, school presentations), liaison with relevant Ministers to raise the profile of 
challenges facing private Ramsar managers, meeting every six months with relevant stakeholders, field 
trip including private Ramsar managers from across Australia and attendance at key events. The network 
is an example of private landholders and Government working together, sometimes successfully and 
sometimes not, to achieve conservation outcomes and assist Ramsar achieve its potential on private 
land. Responses to lessons learnt and challenges for the network will be discussed. 

INTRODUCTION

The New South Wales Ramsar Managers 
Network (RMN) is a group of private 
landholders and Government representatives 
involved in the management of Ramsar 
wetlands in New South Wales. Established 
in 2003 by the New South Wales Minister for 
the Environment, the RMN aims to support 
private/community Ramsar managers and 
provide a link to information and resources 
within Government. The group seeks to 
raise the awareness of the value of wetlands 
and the Ramsar Convention in New South 
Wales and assist private Ramsar managers 
to maintain the ecological character of 
their wetlands. Ramsar wetlands are those 
that have been listed under the Ramsar 
Convention as wetlands of international 
importance.

BACkgROUND

In the past, Ramsar nominations in New 
South Wales were primarily focussed on 
NSW Department of Environment and 
Conservation (DEC- previously the NSW 
National Parks and Wildlife Service) estate, 
but today Ramsar sites cover a range of tenure 
e.g. private land, National Park, Nature 
Reserve, Crown land and State Forests. New 
South Wales leads Australia with its number 
of private Ramsar sites, having four of its 11 
sites occurring wholly or partly on private or 
community managed land including Gwydir 
wetlands, Macquarie Marshes (Wilgara 
wetland component), Fivebough and Tuckerbil 
wetlands, and Hunter Estuary (Shortland 
wetland component). Some of these private 
Ramsar managers expressed concern that 
their commitment to conservation was not 
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being recognised by Government and it 
became apparent that they did not have the 
same scientific, funding or promotional 
support that government Ramsar managers 
have despite both providing the same 
important environmental service. RMN was 
consequently established to ensure processes 
were in place to support private Ramsar 
managers. 

NeW SOUTH WAleS RAMSAR
MANAgeRS NeTWORk

The New South Wales Ramsar Managers 
Network (RMN) has 15 members and 
comprises representatives from the four 
private Ramsar sites in New South Wales; 
DEC; Department of Environment and 
Heritage (DEH); Department of Natural 
Resources (DNR); Forests NSW (FNSW); 
and WWF Australia. RMN is coordinated by 
DEC. 

Goals of the RMN are to: 
• Identify needs/issues of private  

 Ramsar managers;
• Assist in developing solutions;
• Provide link to relevant resources  

 and Government/Catchment  
 Management Authorities;

• Provide a network and structure  
 to raise issues as they arise; and

• Raise awareness of Ramsar.

The main issues for private Ramsar managers 
in New South Wales that the network has 
sought to address during the last three years 
are: adequate and appropriately managed 
shares of water, increased support and 
access to funding for identified management 
actions; and increased support for the control 
of weeds. 

Activities

Significant funding (approximately $500,000) 
from the Australian Government through the 
Natural Heritage Trust (NHT) has allowed the 
network to initiate and implement a number 

of activities including: Ecological character 
descriptions for each site; New South Wales 
Ramsar Wetlands Communication Program 
and site management actions e.g. weed and 
erosion control, wetlands officer (Fivebough 
and Tuckerbil Swamps), Management 
Plans updated, Lippia control research, 
establishment of photopoints for monitoring 
wetland condition and interpretative signs.

The New South Wales Ramsar Wetlands 
Communication Program (RWCP) is a two year 
program initiated by RMN and coordinated by 
Hunter Wetlands Centre Australia and seeks to 
raise awareness of the value of wetlands and 
the Ramsar Convention within Government 
and the broader community. RWCP has 
implemented a number of activities including: 
television and radio interviews, brochures, 
website (www.ramsarwetlands.nsw.gov.
au), wetland video, school presentations, 
wetland education kit- recommendations for 
upgrade, posters and trade display products 
e.g. magnets, postcards, pens, shower timers. 
Baseline data on the existing awareness of 
wetlands and Ramsar among Government 
and community was conducted at the start of 
the program and is currently being compared 
to awareness levels at the completion of 
the program so that the effectiveness of the 
program can be evaluated.

Presentations on Ramsar and RMN
activities were given to each of the four 
CMAs that have a private Ramsar wetland in 
their area. RMN has also provided input to 
the development of wetland targets for each 
of the relevant Catchment Action Plans to 
ensure that processes are in place for future 
management of private Ramsar sites.

The RMN also plays an extensive lobbying 
role meeting with Ministers and Director-
Generals of Government departments to 
discuss Ramsar issues on private land. The 
RMN Chair (private land manager) and 
Coordinator (DEC employee) meet with 
the Minister for the Environment and DEC
Director-General after each RMN meeting 
to discuss outcomes. RMN meets every six 
months with key stakeholders to discuss 
Ramsar and wetland management issues. 

RAMSAR MANAGERS NETWORK
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Challenges and achievements

Despite the challenges for the group (Table 
1), RMN has made a number of significant 
achievements over the last three years. It has 
become an effective lobby group for wetland 
conservation in NSW with more than $132 
million committed to NSW wetlands since 
the RMN established. This includes funding 
from NSW Riverbank ($105 million), NSW 
Wetland Recovery Package ($26 million) and 
NHT project funding. Although the Macquarie 
Marshes and Gwydir wetland sites have not yet 
received any water, processes are in place to 

purchase water and the group is actively working 
(directly or as a lobby group) toward achieving 
water savings such as regulation of water 
extraction, regular use of the Environmental 
Contingency Allowance, implementation of 
an effective floodplain harvesting policy and 
protection of unregulated flows.

RMN has also been effective in re-
establishing a profile for Ramsar within the 
state and providing a structure for direct 
communication between private land managers 
and Government. The successes to date have 
demonstrated the power of landholder/ agency 
partnerships.

Table 1.  Challenges for the Ramsar Managers Network

Challenge Attempted solution Has it been successful?

High turnover of 
Government staff.

Additional observers 
from same department 
invited, regular 
meetings.

To some extent but remains frustrating for 
both landholders and other members. “Loss of 
institutional memory” is a key factor in water 
crisis conflict as new members are less aware of 
the urgency for action (Scholz and Stiftel 2005).

Ownership of RMN 
by private Ramsar 
managers.

DEC facilitates and 
does not initiate. Private 
Ramsar managers decide 
on agenda, frequency, 
actions of meeting. 

To some extent but some difficulties have 
occurred recently consolidating as a group. 

Managers wanting 
to see results 
immediately.

Regular meetings 
and email updates on 
progress.

Successful for two of the sites but the remaining 
two sites have not received any water despite 
the processes now being in place and some 
managers remain frustrated.

Mixed group with 
widely different 
backgrounds.

Remind ourselves of 
our common larger 
goal- conservation of 
wetlands.

To some extent but group very reactive to 
individual member actions. 

DISCUSSION

Community participation in ecosystem 
management is rare and usually involves 
agencies merely practicing “tokenism” where 
the community is asked for comment after the 
agency has already made a decision (Duane 

1997). In contrast, the private Ramsar managers 
of RMN decide on actions and direction for 
the group, meeting agendas, invitees and 
venues etc. DEC’s role is to facilitate and not 
initiate. A participatory approach to resource 
management is, however, extremely resource 
intensive.

ROBYN MOLSHERAND ERIC FISHER
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The success of the network depends on the 
scale under which it is examined. For two of the 
sites the benefits have been clear e.g. recruitment 
of wetlands officer, weed control, funding and 
networking opportunities. However, for the two 
sites where lack of water is the key issue no 
change in availability has occurred. The scale of 
change required for the latter two sites, however, 
far exceeds any short-term goals and will involve 
major institutional shifts in the way in which 
water is managed. For water to be returned to 
these wetlands, long term commitment to private 
Ramsar wetlands is needed from Government,
as well as rain, and effective regulation of water 
management. 

Despite the challenges, RMN has played a 
significant role in the conservation of wetlands in 
NSW and demonstrates the power of landholder/
agency partnerships. 
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Abstract: The wetlands (principally the bogs and fens) of the Snowy Mountains are significant in 
terms of their history of development, structure and their specific vegetation complex, together with the 
functional role they play in catchment hydrology and the ecosystem services they provide to the natural 
environment, hydro-electricity generation and the irrigation industry.  The wetlands cover only a small 
area of the Australian Alps and in the Murrumbidgee catchment, only approximately 2000 hectares.  
The bogs and fens as a community are listed on Schedule 1 of the Threatened Species Conservation 
Act, as an Endangered Ecological Community.  Many bog areas were destroyed during the long grazing 
era and by several major bushfire events during that period. The very extensive bushfires that burnt 
across some 2.5 million hectares of the Alps in 2003 had a major impact upon the bogs and fens to the 
extent that they were recognised as being the priority community for rehabilitation. Approximately 
two million dollars was expended on the work in the upper Snowy Mountains catchments within the 
Australian Alps National Parks from 2004 to 2006.  While the functional role of bogs and fens has 
long been recognised their extent, distribution and water-retention/storage capacity had only ever been 
estimated. Surveys and mapping of the bogs and fens was initiated in 2005 to quantify these factors.  
The management of the bog and fen ecosystems to ensure they remain self-sustaining will require 
the exclusion of detrimental impacts (fire and recreational pressures) for many years.  This will be a 
challenge for catchment managers as the rate of climate change increases and predisposes these sensitive 
communities to drying and further impacts from fires.

INTRODUCTION

The wetlands of the upper catchments of the 
Murray, Murrumbidgee and Snowy Rivers include 
glacial lakes, open stream ponds, bogs, fens, sod 
tussock grasslands and areas of permanently 
wet heathland. All the wetlands contribute to 
the control of snowmelt runoff and water flow 
regimes but it is the bogs and fens that are the most 
important in terms of catchment management 
as they play a major and significant functional 
role in catchment hydrology. This functional 
role is provided by the underlying peatbeds 
that have developed over tens of thousands 
of years through the continual accumulation 
and decomposition of organic matter under 

anaerobic and acidic conditions.  Organic matter 
accumulation continues in the bogs and fens to 
the present time but the development of peat has 
not taken place for several thousand years due 
to climatic conditions that have prevailed over 
that period against peat formation. The impacts 
of the predicted increased rate of climate change 
on the bogs and fens could be very significant 
and influence the flow rates and peaks in the 
hydrographs of stream flows to the major rivers 
(Pickering et al. 2004).

The bogs and fens were extensively damaged 
during the domestic stock grazing era in the 
Snowy Mountains (and in the Victorian high 
country) and in Kosciuszko National Park, 
approximately half of the 5500 ha of the 
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bog and fen community were destroyed or 
damaged beyond a capacity for restoration 
and rehabilitation back to hydrologically and 
ecologically functional ecosystems. Some 20 
bog areas were rehabilitated during the post-
grazing soil erosion and revegetation program 
carried out in the summit area of Mount 
Kosciuszko and along the Snowy Mountains 
by the NSW Soil Conservation Service 
between 1959 and 1978 (Good 1976, 2000). 
The techniques developed then have been the 
basis of the post-2003 bushfire rehabilitation 
program but have been implemented with 
a greater understanding of the ecology and 
function of the bog ecosystems.

Following the removal of grazing in the 
1950s and 1960s the bog and fen communities 
surviving the long period of physical damage 
by stock, (those not treated) recovered 
naturally, albeit very slowly. It was not until 
the late 1990s that it was considered that most 
areas had regained a fully functional condition, 
together with a diversity of bog and fen plants, 
particularly Sphagnum that was the dominant 
contributor to the development of the peatbeds 
between 9000 and 3000 years ago. Other 
species defining the alpine Sphagnum bogs 
also recovered to self-sustaining populations 
including Astelia alpina, Chinogentias 
muelleriana, Deschampsia caespitosa, Carpha 
alpina, Celmisia tomentella, Luzula modesta, 
Richea continentis, Empodisma minus, 
Huperzia sp. and Poa hiemata (Whinam & 
Chilcott, 2002).

Extensive wildfires in 1972, 1983 and 1992  
impacted upon the bogs and fens to varying 
degrees but almost all recovered relatively 
quickly (3 to 5 years) without any rehabilitation 
or restoration works being applied to them.

The January 2003 wildfires that burnt 
over 2.5 million hectares of the Alps, in the 
Alps National Parks in New South Wales, 
the Australian Capital Territory and Victoria, 
had a very significant detrimental impact 
upon almost all the bog and fen areas and a 
major rehabilitation program was initiated 
immediately after the fires, which has continued 
to the present time (Good 2004, Growcock & 
Wright 2005).

THe IMPACTS Of THe 2003 fIReS

The bogs and fens, in all but the most severe and 
prolonged droughts, retain a peatbed moisture 
level that prevails against ignition of the peat. 
A very prolonged drought did occur prior to the 
2003 fires placing the bogs and fens in a very 
dry to desiccated state and very prone to burning 
ignition and burning of the peatbeds. During 
the passage of the fires through the mountains 
the Sphagnum moss cover of most bogs was 
destroyed and large volumes of the underlying 
peatbeds were burnt, such that any remaining 
peat dried out, losing much of their water-
retention capacity and being prone to rill and 
gully erosion. Many bog and fen sites now exhibit 
little Sphagnum cover with deep entrenchment of 
flow-lines through the bogs and fens.

Extensive subsurface tunnelling initiated by 
the burning of the peat became evident some 
months after the fires, with subsequent lateral 
undercutting of the peat at the base level.   Over 
large areas this led to collapse of the peatbeds and 
the development of deep channels through the 
bogs and fens. These provided for flow-through 
drainage, contributing to further reductions of 
water-retention capacity and continuation of 
peatbed drying. A number of bog areas exhibited 
humification and became totally hydrophobic and 
beyond rehabilitation to functional ecosystems.  

The extent of bog and fen communities 
across the Alps Parks has never been accurately 
determined, although Costin et al. (1964) 
estimated the original area to be in the order of 
5500 ha in NSW, 2500 ha in Victoria and some 
375 ha in the ACT. An estimated 50% of bog and 
fen areas were destroyed during the grazing era 
with a further reduction of approximately 15% as 
a result of peat burning during the 2003 fires.

POST-fIRe ReHAbIlITATION
PROgRAM

The severity of the fires measured in terms 
of fire intensity and the rate of spread largely 
determined the level of impact of the fires on the 
bogs.  The greatest impact was exhibited where 
low to medium intensity and low rate of spread 
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fires occurred, providing a longer lag time for 
penetration of fire into the peat leading to 
peat ignition. The high rate of spread fires 
burnt through the Sphagnum hummocks but 
very infrequently resulted in peat burning.  
Based on these observations the initial priority 
rehabilitation works were focussed on bogs 
and fens that were impacted by medium range 
intensity, low rate of spread fires.

A set of criteria was then established to 
determine priority areas for a planned three year 
program of ecologically based rehabilitation 

for the bogs and fens that were considered to 
be in degradation states 1 and 2 (Fig. 1 a & b). 
Beyond degradation state 2 (state 3 – Fig. 1c) 
the bog and fens were considered to be beyond 
effective rehabilitation and were subsequently 
considered for rehabilitation to a stable wetland 
vegetative cover only; a different natural 
ecosystem eg moist shrubland/tall alpine 
herbfield, or in the worst case degradation 
state, to an artificial (not naturally occurring) 
stable community, a ‘hummock shrubland’ or 
‘erosion feldmark’.

Fig. 1.  Progressive degradation levels of sphagnum bog communities

Figure 1c

Figure 1b

Figure 1a
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ReHAbIlITATION ObJeCTIveS

As bog communities play such an important 
role in water retention, regulating water flows 
and the filtering of sediments and pollutants, 
they are significant and important in catchment 
management particularly for the managers of 
the Alps National Parks.  Ensuring their rapid 
recovery after major disturbances such as 
bushfires is important if the impacts of these 
disturbances on the major river catchments are 
to be ameliorated.  As damage can occur quickly 
within bog and fen communities, recovery to pre-
fire disturbance conditions is very slow.  Therefore 
in planning the rehabilitation and restoration 
works, a number of objectives were identified by 
the Mire Research and Rehabilitation Working 
Group.  These were to:

1. assist and promote the regrowth of Sphagnum,
Carex and other bog and fen vegetation in 
areas affected by fire;

2. slow the rate of water movement both into 
and within the bog and fen  communities, to 
reduce the potential for incision, and channel 
entrenchment.

3. restore where possible the functional 
hydrological role of the bog and fen 
communities in the catchment,

4. implement  sound ecologically based 
techniques that will ensure sustainability of 
the rehabilitated sites,

5. implement a research and monitoring program 
as an integral part of the rehabilitation works 
such that the success of the program can be 
assessed in future years.

6. initiate the mapping of all bog and fen 
communities in the Alps Parks; to profile 
the peatbeds in each bog and fen area and to 
determine the total water retention capacity 
of the bogs and fens.

ReHAbIlITATION PROgRAM AND
TeCHNIqUeS

Research and experience from the alpine area 
rehabilitation work undertaken by the NSW 

Soil Conservation Service in the 1960s and 
1970s following the removal of grazing from 
Kosciuszko National Park, indicated that 
the recovery of the hydrological function of 
rehabilitated bogs and fens can take up to  30 
to 40 years to achieve.  The post-2003 fire bog 
and fen rehabilitation work has restored the 
vegetation cover and a bog-like appearance 
to many bogs and fens but has to date only 
initiated the re-establishment of the functional 
role of the bogs and fens in the catchments of 
the Murray and Murrumbidgee Rivers. Much 
still remains to be done in the restoration of 
the ecosystem services provided by stable 
self-sustaining bogs and fens.

The rehabilitation techniques are relatively 
simple but are ecologically based. They include 
the shading and protection of remnant bog 
vegetation, particularly Sphagnum hummocks
from desiccation;  the construction of straw 
bale ‘dams’ in flow-lines that have formed 
in the bogs; the construction of  sub-surface 
absorption ‘trenches’ filled with straw  bales, 
and the placement of coir and straw-filled 
jute mesh ‘logs’ as surface water-spreaders 
and sediment traps. The most important 
step in the rehabilitation program is to slow 
surface flows into and through the bogs and 
fens to prevent flow-line development and 
entrenchment and to create pools of surface 
water where Sphagnum can regenerate. The 
pools also provide an opportunity for the 
pooled water to spread laterally through 
the peatbeds, eventually restoring the water 
regime in the peats. 

Following the implementation/placement 
of straw bales as flow-control structures, 
sods of Sphagnum and Carex species are 
planted into them to hasten the recovery of 
the species and to assist the integration of 
the organic materials into the peat complex.  
Silt deposition has occurred in all pools and 
Carex sp. sods have been planted into the 
sediment fans. The rehabilitation techniques 
and materials are as follows but should not 
be considered as the only techniques and 
approaches that can be used in such programs. 
Experience should always provide for new 
and innovative approaches and materials.

WETLANDS OF THE SNOWY MOUNTAINS
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(i) Vegetation Shading

A range of moisture regimes existed in the 
various bog and fen areas at the time of the 
fires and as a response, not all vegetation was 
destroyed by the burning-over of the bogs 
and fens.  In many remnant Sphagnum moss 
hummocks substantial damage and desiccation 
was evident, but small pockets of live Sphagnum
were often found in protected, shaded and 
moister sites.  In other sites, the Sphagnum
appeared to be recovering from within the core 
of the hummock with growth being assisted 
by the shading from overhanging dead shrub 
material. It has previously been observed and 
recorded that Sphagnum recovers relatively 
much faster, where shade exists, than where 
continual exposure occurs (Good & Whinam, 
unpublished data).

In order to increase the potential for 
Sphagnum recovery, sterilized straw cover 
was initially spread over remnant Sphagnum
hummocks that exhibited some recovery within 
and around the Sphagnum hummocks. The 
straw was spread at a rate of approximately 2 
tonnes per hectare, loosely spread to a depth 
of 3 -5 cm.   This rate of application provided 
approximately 70% shading for the underlying 
vegetation; a level of shading previously 
recognised as optimal for initiating and 
enhancing Sphagnum regeneration.

Due to the difficulty of transporting straw 
bales to remote bog and fen sites in the 
mountains, shade cloth (Sarlontm) was trialled 
and this was found to be a suitable alternative, 
being easier to apply and longer-lasting than 
the straw shading material (Fig. 2). Some 
5500 square metres of shade cloth have been 
placed over bog and fen sites in Kosciuszko 
and Namadgi National Parks with considerable 
benefits to plant growth after three years. The 
shade cloth provides effective protection for 
seedlings and young plants from the damaging 
impacts of ultra-violet light, the latter having 
increased considerably in the mountains over 
the past decade (lower total hours of cloud 
cover and higher solar radiation) (Good 1998; 
Pickering et al. 2004, ).

(ii) Control of Surface In-Flows

Following the 2003 fires and subsequent rainfall 
events, water volumes and flow rates into, over and 
through the bogs and fens resulted in increased flow-
line development into and through the bogs and fens 
as the humified peat was eroded away.  Flow-lines 
developed into channels in many sites through peat 
erosion and incision, lateral channel widening, and 
vegetation destruction resulting in the loss of the 
natural bog and fen pools.

To ameliorate this, the initial response was to 
reduce the runoff flow rates into the bog and fen areas 
through the placement of coir ‘logs’ water spreaders 
(3 metre jute mesh sleeves filled with coconut  fibre) 
on the contour above the bog sites (Fig. 3).

Fig. 2.  Shade cloth cover of core Sphagnum 
hummocks

Fig. 3.  Coir logs placed on the contour to prevent 
flow-line formation and to act as water-spreaders 
of surface runoff into bogs and fens
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Straw bale ‘plugs’ were then placed in any 
larger flow-lines that had developed, to reduce 
the runoff flow rates and to divert the higher flow 
discharges over areas of stable vegetation before 
entering the bogs and fens.   This also assisted 
the regrowth of the extant flow-line vegetation, 
reducing the potential for further flow-line 
incision.  In the bogs where the naturally occurring 
bog vegetation and organic matter dams had been 
destroyed, straw bales were placed to recreate 
these organic matter ‘dams’ and to recreate open 
pools where these had been drained (Fig. 4).

was achieved by packing the channels with 
loose straw and or bales, with Hessian bags 
filled with straw being inserted into areas of 
undermined peatbed to provide support and to 
prevent further collapse and loss of peat.

Where substantial loss of peat had occurred 
and large gully development had commenced, 
straw bales wrapped in Hessian were 
positioned in the gullies and held in place by 
tree stakes to act as substantial but temporary 
gully control structures. They had a different 
role to the hay bale dams in the actual bogs 
and fens, where the straw bales were placed 
to create pools of still surface water and to 
replace with organic matter, the destroyed 
and lost peat. The function of the straw bale 
dams in the larger gullies was to simply to 
reduce flow rates, to filter out sediment and to 
provide a greater opportunity for vegetation 
to re-establish along the banks and in the 
accumulating sediment deposits.

Where undermining of the peat along 
these larger gullies was occurring, diversion 
barriers were placed to divert the flows 
away from the undermined peat banks and 
to provide physical support for the remnant 

Fig. 4. Hay bales placed as ‘plugs’ in an eroded 
flow-line to slow runoff flows into a damaged 
bog

In areas of high flow rates, substantial 
vertical incision was evident in the peat with 
channel depths being a metre or more in depth.  
It was also found that once incision to bedrock 
had occurred, lateral erosion of the peat up to 
two metres either side of the incised flow-line 
occurred, undermining the peatbeds resulting 
in subsequent peat collapse (Fig. 5).

Reduction of the erosive flow velocities 
in these collapsed tunnel flow-lines areas 

Fig. 5.   A collapsed peat tunnel incised to the 
underlying gravels at a depth of 1.5 metres
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peat. The diversion barriers were constructed 
of coir logs placed and fastened with large steel 
pins (Fig. 6).

POST-fIRe ReSeARCH AND bOg
MAPPINg PROgRAM

Several research and monitoring projects have 
been established since the 2003 fires to provide 
a more defined ecological basis for long-
term management of the bogs and fens and to 
increase the understanding of how the functional 
components of the bogs are related. 

fig. 6 .  A coir log barrier placed to prevent further 
undermining of the peat bank and vegetation

(iii)  Subsurface Straw-filled Dams

Where extensive areas of peatbeds were observed 
to be approaching hydrophobic conditions it was 
recognised that more drastic and urgent measures 
were required to prevent humification and to mitigate 
against loss of these large areas of functional bog 
community to the detriment of the catchments and 
river systems.  In several large bog areas, deep 
trenches were cut through the peatbed down to 
the underlying gravels or bedrock and filled with 
one to four levels of straw bales. This was done to 
provide a ‘subsurface dam’ to retain water in the 
peat mass; to prevent or reduce the loss of water 
from the peat mass and to provide a lag time for the 
resaturation of the peat mass. Following placement 
in the trenches the straw bales were covered such 
that they will eventually be consumed into the peat 
mass.  Bog and fen vegetation was planted into the 
filled and covered trenches.  This technique was 
developed and based on the ecological principle of 
using only organic matter in an organic ecosystem, 
together with an understanding of the ecological 
role of bogs and fens, viz how water is retained 
and moves through the peat mass, such that the 
functional role of the bogs is re-established in terms 
of water storage and the filtering of stored water, 
while allowing for the slow release of water during 
times of low inflows. This technique has proven to 
be appropriate and effective even though it dissects 
the peat beds (Fig. 7). 

fig. 7.  Excavated trench (part left uncovered)  
filled with straw bales to retain subsurface water 
in the peatbed

fig. 8.  Bog and fen mapping based on peat 
occurrence and moisture regimes

ROGER GOODAND GENEVIEVE WRIGHT
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A major bog and fen mapping program is 
currently being carried out to determine the 
extent, and distribution of the bogs and fens 
across the Alps, with the objective of  quantifying 
the total volume of water retained in all the bog 
and fen areas;  the role of peatbeds in water 
quality (nutrient filtering and retention);  and the 
environmental factors that influence recharge 
and discharge,   This project involves remote 
sensing and GIS techniques (Fig. 8), as well as 
field surveys to develop cross-sectional profiles  
of each  bog and fen area Initial results indicate 
that the peatbeds have an average water retention 
capacity of approximately 75 litres per cubic 
metre, with the depth of peat varying between 
0.5m to 1.6m.  To date, 650 bog areas have been 
mapped in Kosciuszko National Park in NSW 
and Namadgi National Park (ACT) totalling 
1300 ha, this being an estimated 56% of the 
estimated total area of bogs and fens in the two 
parks.  Similar mapping is being carried out n the 
Victorian Alps Parks.

Summary

The successful rehabilitation of alpine and 
subalpine wetland communities requires an 
understanding of the functional role of the 
communities; an understanding of the ecological 
requirements of the significant plant species of 
each community, and an appreciation of the level 
or degree of degradation of each community. At 
the extremes of degradation, rehabilitation to the 
pre-disturbance community may not be possible 
and restoration to some other stable state may be 
all that can be achieved.

Where rehabilitation is identified as possible, 
the techniques to restore the communities to their 
pre-fire condition can be relatively simple and 
readily implemented, although full rehabilitation 
of their functional role may take several decades 
of careful maintenance and management. The 
bog and fen rehabilitation work undertaken in the 
Alps National Parks after the 2003 bushfires has 
been demanding of skills, time and funding but 
has shown that well founded ecologically based 
programs can be very successful. They will 

require long-term maintenance and management 
to ensure that the rehabilitated bogs and fens 
continue to contribute to catchment water yields 
and high quality water. 

The shading techniques that have been 
developed in the post-fire rehabilitation program 
have shown to be an effective measure in the 
protection of Sphagnum and other aquatic plant 
species from the damaging effects of relatively 
rapid increases in ultra-violet light levels in the 
sub-alpine and alpine zones. This rehabilitation 
work as such is one of the first natural area 
landscape scale projects in terms of catchment 
management, as well as the first landscape 
scale programs that encompasses and addresses 
possible adaptation to climate drift/change, 
particularly reduced precipitation and the 
potential influences of increasing temperature 
and ultra-violet light intensities.

Research on a number of aspects of bog and 
fen ecology and hydrology has been recognised 
as necessary with several projects currently 
being addressed by the Mire Research and 
Rehabilitation Group. Long-term monitoring of 
the bogs and fens has been established to assess 
their recovery (Hope et al. 2005), as well as 
their responses and adaptation to climate change 
influences and impacts. Survey and mapping 
of bogs and fens across the Australian Alps 
has also been commenced to determine their 
extent, distribution, peat volume (water-holding 
capacity) (Nanson 2005) and hydrological 
features (Hahn 2004).
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The Secret Life of Tangled Lignum Muehlenbeckia florulenta 
(Polygonaceae): little known plant of the floodplains
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Abstract: Thickets of Tangled Lignum Muehlenbeckia florulenta, a drought-tolerant perennial shrub, 
occur in flood-prone areas throughout central and eastern Australia, including large areas of the River 
Murray floodplain. In dry periods, Lignum appears dry and lifeless, without leaves, flowers or green 
stems, but it recovers rapidly in response to flooding or rainfall. Little is known of its water requirements 
or growth responses to changing water regimes. Lignum is capable of reproducing vegetatively or 
from seed. Typically, it flowers in early spring in response to winter rains, or within a few weeks of 
flooding. On the River Murray floodplain in South Australia, Lignum flowered and set seed profusely 
after rainfall in winter-spring 2005, following an 18-month dry period, but no new seedlings appeared 
after the rain event. Vegetative reproductive activity was limited to shoot extension and arching, but few 
new plants were found. Flooded branches at a watered site produced roots at multiple nodes, ready to 
strike new clones once the water level receded. This study of the growth and reproductive responses of 
Lignum to controlled watering, whilst not yet completed, suggests that there is a gender-based response 
to environmental conditions, such that female plants are located nearer surface water. The strongest 
growth responses occurred where water was applied directly to the base of the plant. The study will be 
completed in March 2007.

INTRODUCTION

Tangled Lignum, Muehlenbeckia florulenta 
(Meissn.) F. Muell. (hereafter ‘Lignum’) is one of 
the Polygonaceae. It appears brown and lifeless 
in dry conditions, and is often overlooked, but its 
abundance and ubiquity on riverine floodplains 
throughout central and eastern Australia make 
it a key species for environmental management. 
Lignum is typical of swamps, river-flats, gilgais 
and other flood-prone areas (Cunningham et al.
1981). It is particularly common in the Murray-
Darling Basin, including the nutrient-poor, grey 
cracking clays of the River Murray floodplain 
in South Australia. Flooded Lignum is a habitat 
for nesting water birds such as ibises Plegadis
flacinellus, Threskiornis spinicollis, T. aethiopica
and Freckled Duck Stictonetta naevosa (Lowe 
1983; Jensen 1983; Briggs & Maher 1985; 
Boulton & Lloyd 1991). It also shelters Murray 
Cod Maccullochella peelii peelii and Golden
Perch Macquaria ambigua, and the young stages 

of many other fish species. Associated terrestrial 
species include small birds such as fairy-wrens 
Malurus spp. and mammals and reptiles (e.g. 
Cunningham et al. 1981). Dense stands protect 
eucalypt seedlings from grazing animals, 
especially Rabbits Oryctolagus cuniculus (Jensen 
1983).

The plants attain 1-3 m height, and have a 
persistent rootstock at least 2-3 m deep (Craig
et al. 1991). The many tangled, woody stems 
often remain bare until the soil is wetted by 
rainfall or flooding, when they rapidly develop 
green shoots, leaves and flowers. Lignum 
reproduces both sexually (by seeds) and asexually 
(by vegetative means, through root-suckering or 
branch-layering) (Southgate 1988; Craig et al.
1991; Roberts & Marston 2000; Chong & Walker 
2005).

Lignum is dioecious, with small, yellow-green 
flowers of five petals clustered in interrupted 
racemes (Southgate 1988; Chong & Walker 
2005). The female flowers are smallest, with a 
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tri-branched style and eight barren filaments, and 
are held close to the branch; the male flowers, 
with eight fertile stamens and a residual stigma, 
are more obvious (Fig. 1). Flowering may occur 
throughout the year (Cunningham et al. 1981), 
but particularly from August to December in 
the Lower Murray region (Southgate 1988). The 
shiny, brown seeds are contained within achenes 
(Chong & Walker 2005). Germination is cued 
by soil moisture and temperature, and although 
seedlings are difficult to find, they have been 
observed after summer-autumn floods (Roberts 
& Marston 2000) and winter rains (Chong & 
Walker 2005). They are vulnerable to variations 
in temperature and soil moisture, and to grazing 
animals.

Stands of Lignum are tallest and most vigorous 
where there is persistent surface or sub-surface 
soil moisture (Roberts & Marston 2000), in soils 
of relatively low pH and salinity (Craig et al.
1991). The soil-moisture requirement increases 
where salinity is high, and decreases where 
salinity is low. On the Lower Murray floodplain, 
lignum occurs in areas where flooding (to less 
than 60-cm depth) occurs for 45-115 days per 
year (Blanch et al. 1999). In other parts of New 
South Wales and South Australia, it occurs in 
areas flooded for 6-12 months between once in 
two years to once in 10 years (Goodrick 1984; 
Craig et al. 1991; King et al. 1995). 

Lignum warrants special attention from 
managers and scientists responsible for 
environmental flow allocations. A key issue is to 
discover the timing and extent of watering needed 
to provide most benefit to lignum communities. 
This paper reports preliminary findings from 
a field study of the growth and reproductive 
responses of lignum to controlled watering and 
rainfall.

METHODS

Field sites on the River Murray, South Australia 
(Fig. 2) included Brenda Park, Banrock Station, 
Chowilla and Clarks Floodplain. At Brenda Park, 
Lignum grows in dry riparian areas, in moist 
riparian areas and in a wetland that had remained 
wet since December 2004. A large Lignum stand 
at Banrock received spring-summer flooding in 
2004 and 2005, and in November 2005 a wider 
area, including the outer edges of the stand and 
the adjacent open floodplain, were flooded for 3 
weeks to 250-mm depth. At Chowilla and Clarks 
Floodplain, lignum bushes were monitored in 
moist riparian areas adjacent to watered sites.

Field observations have been recorded 
monthly from November 2004 and will continue 
to March 2007. Plants were selected to reflect 
different water regimes, generally indicated by 
elevation above the river. An even mix of male 
and female plants was sought but not always 
achieved where the gender could not be confirmed 
(from flower anatomy) until after flooding. 
Biological variables monitored included height, 

ANNE E. JENSEN, KEITH F. WALKER AND DAVID C. PATON

Fig. 1.  Male and female flowers of lignum, 
showing the distinctive extruding anthers of 
the male flower and star-shaped, low-set female 
flower (automontage images).
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width, percent greenness, percent leaf cover, 
relative abundance of flowers and Southgate’s 
(1988) health index. Environmental parameters 
included soil hardness, litter cover under the 
canopy, rainfall and distance to surface water. 
For the first 18 months, a Soiltest CL-700 Pocket 
Penetrometer was used to estimate soil moisture 
via unconfined compressive strength; from April 
2006 complementary measurements were made 
using a Delta-T ML2 Theta Probe. Surface soil 
salinity, pH and organic carbon content were 
determined by standard methods (Walkley & 
Black 1934; Klute 1986).

Supplementary rainfall and temperature 
data were obtained from the Bureau of 
Meteorology (Fig. 3). Cumulative rainfall and 
average temperatures were calculated for each 
5-day period prior to sampling (0-5, 6-10, 11-
15, 16-20, 21-25, 26-30 days). The numbers 
of days since last rainfall, and the numbers of 
days greater than 30ºC in the previous month, 
were also determined. These observations 
are pertinent because seasonal conditions 
during the study included one dry summer 
and another summer following above-average 
spring rainfall.

Fig. 2.  Lignum study sites on the Lower River Murray Floodplain, South Australia

LIGNUM ECOLOGY
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Seeds were harvested from female plants and 
stored in paper bags at 4ºC. In the laboratory, seeds 
were spread on Whatman No. 1 filter paper over 
30 mg vermiculite saturated with 30 ml distilled 
water, in 90-mm Petri dishes. Samples were kept on 
a well-lit window sill at normal room temperature, 
covered with glass lids to retain moisture. 

RESULTS AND DISCUSSION

This study aims to understand the growth and 
reproductive responses of lignum to water 
availability, in the context of controlled watering 
events. All field sites were influenced by watering 
events during the period of the study, as well as 
receiving significant local rainfall. Statistical 
results reported here cover the first 12 months of 
the study, from November 2004 to October 2005 
for Brenda Park only, and field results cover all 
sites to October 2006.

An intense flowering episode followed above-
average rains in winter-spring of 2005, with dense 
blossoms on most plants at all sites in October 

2005. Rainfall at Morgan (Fig. 2) was above 
average between December 2004- November 
2005 (322.8 mm, 125% of mean annual rainfall), 
with peaks in late June-July followed by falls 
of more than 15 mm in September and October 
(Fig. 3). Lesser flowering responses occurred 

Fig. 3.  Monthly rainfall at Morgan South Australia, from December 2004 to November 2005 (source: 
Bureau of Meteorology)

Fig. 4.  Lignum seeds collected from soil surface 
at Banrock Station had been attacked by insect 
predators
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after heavy rain in December 2004 and October 
2006, and scattered plants responded with no 
more than moderate levels of flower production 
approximately four weeks later.

Vigorous growth and seasonal flowering 
were maintained by the plants at Brenda Park, 
inundated from December 2004 to October 2006. 
Plants in the dry riparian zone also responded to 
the rain with flowers, leaves and new stems, but 
to a lesser degree than those in the wet and moist 
riparian zones at Brenda Park.

Seed production continued at all sites for 
over two months following flowering in October 
2005 (cf. Chong & Walker 2005), but Lignum 
seeds were not found in the soil seed bank in soil

samples from Clarks Floodplain and Chowilla 
(Jensen, unpublished). Seeds collected from the 
field germinated readily in the laboratory, but in 
the field only a small patch of seedlings was found
at Chowilla, and not at Brenda Park or Banrock 
Station. Viable seeds were recovered from 
female plants still encased in achenes, but seeds 
recovered from the soil surface had their achenes 
removed and the kernels of all seeds had been 
removed by insects, probably ants (Fig. 4). The 
sole record of new seedlings was at Monoman
Island on the Chowilla Floodplain, where 10 
seedlings were monitored for height and survival 
from February 2006. Grazing Eastern Grey 
Kangaroos Macropus giganteus were abundant, 

Fig. 5.  Ordination results for the influence of environmental factors on the distribution of sample points 
for lignum growth and environmental parameters at the Brenda Park site indicate that distance from 
the wetland (inundated throughout the period of monitoring) and amount of cover on the soil surface 
under lignum canopies were the most significant environmental parameters, with days with no rain and 
rainfall 16-20 days prior of lower significance (r2= 0.98, Axis 1 = 20%, Axis 2 = 70%). The responses 
of male and female plants are clearly separated.
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and plants only attained 300 mm in height and 
all new shoots were reduced to 10 mm length. 
All 10 seedlings survived with stunted habits 
to October 2006 and continued to produce new 
shoots. Based on their position relative to water 
levels and micro-topography, and lack of nearby 
seed sources, it is possible that these seedlings 
originated from seeds transported by water when 
the wetland was filled in December 2005.

Growth responses to watering and rainfall 
were explored by ordination (Non-metric Multi-
 dimensional Scaling, NMS) of biological and 
environmental data recorded over 9 months at 
Brenda Park, using PC-ORD software (v. 4.41, 
MjM Software, Oregon, USA) with the Relative 
Euclidean distance metric and all default options. 
The primary (biological) matrix included 
measures of Lignum health, growth and vigour, 
and the secondary (environmental) matrix 
included external factors expected to influence 
plant responses. The ordination (Fig. 5) yielded a 
2D solution (stress 5%, total explained variance 
98%; Axis 1: 20% of total variance, Axis 2: 
70%). The superimposed vectors indicated 
correlations between environmental factors and 
ordination axis scores. Key factors distinguishing 
samples on Axis 1 (abscissa) were days with no 
rain and rain in the previous 16-20 days. The 
factors influencing separation of sample points 
on Axis 2 (ordinate) were distance to water and 
percentage cover on ground under canopy (note 
that the vertical axis explains 3.5 times more 
variance than the horizontal axis). There was a 
striking, consistent separation between males 
and females in the ordination, suggesting that 
response of the plants to environmental variables 
is gender-based. This separation is most strongly 
inversely correlated with distance from the wet 
zone, and suggests that reproduction from either 
seed or vegetative cloning may be influenced by 
water source. Further analysis of the full data 
set (covering November 2004-March 2007) is 
pending.

At Banrock Station in November 2005, the 
response of the monitored Lignum to a short 
period of on-site flooding was limited to green 
shoots, few leaves and few flowers over 4 weeks, 
followed by a return to a dormant (but greener) 
state. Annual wetting of a larger Lignum stand 

within 20 m of the monitored site had no 
apparent effect on the sampled plants, and no 
new seedlings were found, even where older 
seedlings had germinated previously. 

Although clonal vertical growth from root 
nodes and layering from branches were evident 
in plants at all sites, few instances of new 
vegetative growth by layering or shoots from 
root nodes were found. At moist sites, the pattern 
was for vigorous vertical shoots to arch under 
their own weight, eventually touching the ground 
and sometimes developing roots at branch nodes. 
Root formation did not occur in dry conditions. At 
the flooded Brenda Park site, flooding appeared 
to promote the development of roots on branch 
nodes once these contacted the water, but while 
the plants remained flooded they did not set roots 
into the soil.

Soil moisture values in field samples were 
very low in the dry zones (1.1 - 6.3%, n = 9). 
Surface soil salinities were also relatively low 
(200 – 700 EC units). The soil pH was slightly 
acidic (5.4 - 6.3, n = 25). Soil moisture at moist 
sites was 14.5 32.2%, n = 9), indicating the key 
role of rain or flood events to sustain soil moisture 
to promote growth and reproduction.

Plants at all sites were observed to respond 
to the presence of water, whether from watering 
or from rainfall, with new green leaves, flowers 
and vigorous shoots. However, these responses 
were not evident in the initial statistical analysis 
of plant responses, which highlights differences 
rather than similarities between plants, and 
further examination of a larger data set will be 
undertaken.

Further investigations are needed to develop 
guidelines to manage inundation through its 
timing, extent, depth and frequency to trigger seed 
production or to support seedling survival. This 
may require serial watering to provide sufficient 
soil moisture to enable lignum seedlings to reach 
a self-supporting state, or to promote active 
vegetation cloning to produce new individuals.
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Abstract:  Frog surveys were carried out within wetlands, billabongs, dams and rice bays in the 
Murrumbidgee Irrigation Area (MIA). A total of eight species were recorded, the most common being 
the Limnodynastes tasmaniensis, Crinia parinsignifera and Limnodynastes fletcheri. There were no 
significant differences in species richness between water body types, but the structure of frog communities 
within rice bays and canals was significantly different to those in dams, wetlands and billabongs.  This 
relationship was mainly due to the absence more specialised species such as Litoria latopalmata and 
Limnodynastes interioris from rice bays and canals. The number of frog species present at each site 
was significantly correlated with the number of different microhabitats, such as emergent, submerged 
and floating vegetation and the presence of trees. Conservation of frog communities in this region 
should focus on maintaining a diversity of different water body types as well as a diversity of different 
microhabitats within each water body.

INTRODUCTION

The majority of amphibian species have specific 
habitat requirements, particularly with regard 
to vegetation structure, wetland hydrology 
and predator abundance (Adams 2000; Hazell 
2003; Baber &  Babbitt 2003; Ficetola &  
De Bernardi 2004). Vegetation cover and 
physical structure can directly influence the 
occurrence of specific species, for example, 
Limnodynastes fletcheri is more likely to occur 
in wetlands with high vegetation cover, while 
Litoria peronii is dependant on the presence 
if standing timber (Healey et al. 1997; Jansen 
& Healey 2003).  Wetland hydrology also has 
a significant impact on frog communities. 
Many frogs prefer to breed in wetlands that 
are periodically dry because they have lower 
densities of predators (Laurila &  Aho 1997; 
Denoel et al. 2005). As a result, conversion of 
ephemeral wetlands to permeant water storages 
often contributes to the loss of frog species that 
are sensitive to predation (Baber &  Babbitt 
2003). Conversely, reductions in the period of 
time that wetlands hold water (hydroperiod) 
can exclude species that have long tadpole 

stages (Rowe &  Dunson 1995; Snodgrass 
et al. 1999; Semlitsch 2000). Reductions in 
the frequency of flooding can also result in 
species declines because it limits the number 
of breeding opportunities over time. 

The long terms persistence of amphibians 
within the landscape is also closely linked to 
their ability to move between wetlands (Smith 
&  Green 2005) . This allows for wetlands to be 
recolonised following local extinctions (Marsh 
& Trenham 2001) and allows individual to 
access refuge habitats during dry periods (Perret 
et al. 2003). Disruption to normal movement 
patterns, as a result of cultivation, wetland 
draining, and altered flooding regimes, can lead 
to long-term declines in species richness within 
affected wetland systems (Hazell 2003). 

Human activity has also resulted in the 
creation of artificial waterbodies such as farm 
dams and irrigation infrastructure. These  
man-made water bodies can provide important 
habitat for some frog species (Hazell et al.
2001; Knutson et al. 2004). However, it is 
not clear how these amphibian communities 
differ from more “natural” waterbodies such 
as billabongs and wetlands.

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006



87

Despite the growing body of evidence 
suggesting that habitat modification and 
fragmentation are the leading causes of 
amphibian declines in Australia (Hazell 2003), 
studies of the habitat and water requirements 
of frogs within the agricultural regions of 
New South Wales are extremely limited. Poor 
knowledge regarding the current distribution 
and status of individual species, their specific 
habitat requirements, as well as the community 
composition in different water body types, 
limits are ability to plan conservation measures 
and set targets for individual wetlands. The aim 
of this study was to describe frog communities 
occurring in different water body types within 
the Murrumbidgee Irrigation Area and to 
assess the factors driving species richness and 
community composition.

MeTHODS

Study Area

The Murrumbidgee Irrigation Area (MIA) is 
located within the Riverina Biogeographic 
region in south western NSW. The MIA includes 
the towns of Leeton in the east and Booligal in 
the west. It covers an area of approximately 
3620 square kilometres and incorporates a 
number of important wetland systems including 
Fivebough and Tuckerbil Swamps that are listed 
as RAMSAR wetlands and protected under 
international treaties. Along the Murrumbidgee 
are a series of billabongs and depressions known 
as the mid-Murrumbidgee wetlands which are 
listed as nationally important wetlands by NSW 
National Parks and Wildlife Service. Billabongs 
and depressions along the lower Mirrool Creek 
system are also listed as nationally significant. 
Other waterbodies in the region include farm 
dams and irrigation infrastructure such as canal 
and rice bays.

Records on the distribution of frog 
species within the MIA are sparse. Jansen & 
Healey (2003) surveyed billabongs along the 
Murrumbidgee River, between Gundagai and 
Hay in New South Wales, and recorded six 
frog species. Doody et al. (2006) surveys rice 

growing regions throughout NSW and recorded 
seven species. However, based on National 
Parks and Wildlife Service (NPWS), Australian 
Museum and Department of Infrastructure 
Planning and Natural Resources (DIPNR) 
records, up to 14 species could potentially occur 
in the Murrumbidgee Irrigation Area (MIA) in 
inland New South Wales.

Frog Surveys

A total of 35 sites were surveyed within the 
MIA these included 16 sites that are monitored 
for biodiversity as part of the MIA EnviroWise 
program coordinated by Murrumbidgee 
Irrigation Ltd (Fig. 1). Sites were classified as 
billabongs (n = 8), wetlands (n =1 2), dams (n = 
5), and rice bays and irrigation canals (n = 10). 
Because wetlands varied in area from less than 
0.5 ha to over 1000 ha, the number of frog and 
habitat surveys for each site was set at a rate of 
one sample per 10 ha, for example an area of 
less than 10 ha was sampled once and one of 
10-20 ha was sampled twice and so on. 

Surveys were conducted at all sites on 
two separate occasions, the first surveys were 
conducted from the 20th to 29th October and the 
second were conducted between the 26th and 29th

January 2004. At each site a five-minute audio 
and 20 minute visual surveys was conducted 
between 10pm and 3am. Visual encounter 
surveys were conducted along the waters edge 
and surrounding areas using a 50 W spotlight.  
Audio surveys involved listening for the distinct 
calls of each species. Call play back was used 
for the Southern Bell Frog Litoria raniformis. 

Habitat condition

Habitat surveys were conducted during the 
day at the sample points used for frog surveys. 
The habitat and vegetation data collected was 
based on the wetland condition index developed 
by (Spencer et al. 1998). This index measures 
variables relating to aquatic and fringing 
habitat, bank condition and water chemistry and 
has been used successfully to predict amphibian 
occupancy by Jansen & Healey (2003). 

FROG COMMUNITIES
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Fig. 1. The distribution of survey sites within the Murrumbidgee Irrigation Area

At each sample point, the percentage 
cover of aquatic vegetation, number of 
layers of aquatic vegetation and percentage 
of attached algae was recorded within 5 m x 
5 m quadrats (Table 1). Fringing vegetation 
was assessed in terms of width, continuity 
and height diversity. Bank condition was 
determined by estimating the degree of 
erosion and number of livestock pugging 
per square metre. The presence of different 
microhabitats e.g. open water, submerged 
vegetation, floating vegetation, over hanging 
vegetation and snags was recorded at each 
site. Water chemistry parameters were also 
measured during the day, between 8.00am 
and 12.00pm, at using a hand-held meter 
(Hydrolab). Conductivity (mScm-1), turbidity 
(NTU), pH, and water temperature (0C) were 
recorded.

Statistical analysis

Waterbodies were classified as billabongs, dams, 
wetlands, or rice bays and irrigation canal. 
Differences in frog community compositionin frog community composition 
in each type of water body were determined 
using Multi Dimensional Scaling (MDS) (Bray-
Curtis similarities) and Analysis of Similarities 
(ANOSIM). Analyses were preformed in 
presence/absence data using the statistical 
program PRIMER version 5.

Differences in habitat and water quality 
between different water body types were assessed 
using multivariate general linear models.  
Dunnett T3 post hoc tests were used to identify 
significant differences between each water body 
type. Bivariate correlations were used to compute 
Pearson’s correlation coefficients and there 
significance level for the relationship between 
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frog species richness and the measured habitat 
and water quality variables. These analyses were 
preformed using SPSS version 12.  

ReSUlTS

Frog communities
A total of eight frog species were recorded in the 
study sites (Table 2). A further three species (Crinia 

sloanei, Notaden bennetti and Pseudophryme 
bibronii), were recorded during opportunistic surveys 
within the MIA, but were not recorded within any 
of the sample sites.  The most commonly recorded 
species were the Limnodynastes tasmaniensis,
Crinia parinsignifera and Limnodynastes fletcheri. 
Species that had previously been recorded in the 
region, but were not identified during these surveys, 
were Litoria caerulea, Limnodynastes dumerilii
and Litoria raniformis.

Table 1. Summary of habitat and water quality variables recorded at each site

Variable Definition/units

Percent cover  fringing 
vegetation

Percent estimate for 5x5m quadrat

Percent cover  aquatic 
vegetation

Percent estimate for 5x5m quadrats

Number of layers of aquatic 
vegetation

Mean number of times vegetation contacts measuring pole (4 per quadrat)

Number of layers of 
fringing vegetation

Mean number of times vegetation contacts measuring pole (4 per quadrat)

Width of fringing vegetation Mean distance extending from water edge

Continuity of fringing 
vegetation

Percent of water body surrounded by fringing vegetation

Hight diversity Occurrence of fringing vegetation less than 10m, 10-20m, 20-30m and 
>30m  

Mean height of aquatic 
vegetation (cm)

Mean height of tallest vegetation (4 per quadrat)

Mean height of aquatic 
vegetation (cm)

Mean height of tallest vegetation (4 per quadrat)

Microhabitats Occurrence of the following: Emergent, submerged and floating aquatic 
vegetation, open water, fringing grasses, shrubs and trees, and snags, 

Percent cover of attached 
algae

Used as a proxy for water nutrient levels estimated for 1m2 quadrat

Water depth (cm) Mean water depth (4 per quadrat) 

Bank condition Estimate area of erosion per 10x10m

Pugging Number of cattle pugs per 1m2

Water temperature (0C) mean value for 4 samples per sample point  

Conductivity (mScm-1), mean value for 4 samples per sample point  

Turbidity (NTU) mean value for 4 samples per sample point  

pH mean value for 4 samples per sample point  
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Table 2. List of survey sites showing occurrence of each frog species

Site name Type L. L.
 fl

et
ch

er
i

L.
in

te
rio

ris

C
.

L.
 p

er
on

ii

U
. r

ug
os

a

L.
 la

to
pa

lm
at

a

N
. s

ud
el

li

To
ta

l

Coonancoocabil
Lagoon Billabong * * 2
Dead Horse Lagoon Billabong * * 2
Euwarderry Lagoon Billabong * * * * 4
Gooragool Lagoon Billabong * * * * * * 6
Gum Creek Lagoon Billabong 0
Ski Beach Lagoon Billabong * * 2
Turkey Flats Billabong * * * 3
Wyburn pondage Billabong * 1
Brays Dam Dam * * 2
Lake Wyngan Dam * * * 3
Leeton to Griffith Rd Dam * * 2
Scenic Reserve Dam * * * * * 5
Stevenson Quarry Dam * * * * 4
Private Bh Rice * * * * 4
Private Fs Rice * * * 3
Private Glen Rd Rice * * * 3
Private Gt Rice * * * 3
Private Hl Rice * * * 3
Private Hn Rice * * * 3
Private Ms Rice * * 2
Private My Rice * * * * 4
Private Rl Rice * * * * 4
Private So Rice * * 2
Almond Road Swamp Wetland 0
Barren Box Swamp Wetland * * * * * 5
Campbells Depression Wetland * * 2
Fivebough Swamp Wetland * * * * * 5
Hulong Tank Wetland 0
Kooba (Wilbriggie) 
Swamp Wetland * * * * 4
Kooba Railway Wetland * * * 3
Nericon Swamp Wetland * * 2
Stanbridge Swamp Wetland * * * * * 5
Tharbogan Swamp Wetland * * 2
The pondage Wetland * * 2
Tuckerbil Wetland * * * 3

* species presence
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Species richness did not differ significantly 
between different water body types (f = 0.159, 
p = 0.923). However, there were significant 
differences in the composition of frog 
communities in different water body types 
(ANOSIM Global R = 0.154, P = 0.008). 

Frog communities within rice bays and 
canals differed significantly from frog 
communities wetlands (ANOSIM, R = 0.157, p 
= 0.035), billabongs (ANOSIM, R = 0.472, p 
= 0.001) and dams (ANOSIM, R = 0.303, p = 
0.003).  Rice bays and canals were dominated 
by L. tasmaniensis and L. fletcheri and Crinia 
parinsignifera (Fig. 2).  Three other species 

were recorded within a single rice bay site; 
these were Litoria peronii, Uperoleia rugosa 
and Neobatrachus sudelli.

There were no significant differences between 
frog communities in wetland, billabong or dams 
sites. However, some species were restricted 
to a small number of sites. The wetland sites 
Fivebough, Stanbridge and Barron Box Swamp 
had the highest species richness (5 species) 
and were the only wetland sites that contained 
L. peronii, Limnodynastes interioris and L. 
fletcheri. Of the billabong sites, Gooragool 
Lagoon was the only site that contained U. 
rugosa and Litoria latopalmata. 
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Fig. 2.   The percent of sites from each water body type that were occupied by each species. Billabongs 
(n=8), dam (n=5), rice bays and canals (n=10), wetlands (n=12)

Relationship between frog diversity and 
habitat condition

Water bodies differed significantly in terms of 
continuity of fringing vegetation (f = 9.522, p < 
0.001), aquatic vegetation cover (f =13.240, p < 
0.001), number of layers of aquatic vegetation (f 
= 3.165, p = 0.041), water depth (f = 7.717, p 
= 0.001) and water temperature (f = 5.506, p = 

0.005). The number of layers of aquatic vegetation 
was also significantly higher in rice bays and 
canals than in dams (post hoc p < 0.000) (Fig. 
3a). Aquatic vegetation cover was significantly 
higher in rice bays and canals than in dams (post 
hoc p < 0.000), wetlands (post hoc p = 0.009) and 
billabongs (post hoc p = 0.013) (Fig. 3b). The 
continuity of fringing vegetation was lower in 
rice bays and canals wetlands (post hoc p = 0.016) 
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Fig. 3. (a) mean number of layers of aquatic vegetation (b) mean percent cover of aquatic vegetation 
(c) mean continuity of fringing vegetation, (d) mean water temperature Co, and (e) mean water depth 
(cm) in each of the different water body types. Error bars show 95% confidence interval
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and billabongs (post hoc p = 0.010) (Fig. 3c). 
Water temperature was significantly higher in 
rice bays then in wetlands (post hoc p=0.042), 
dams (post hoc p = 0.044), and billabongs 
(post hoc p = 0.004) (Fig. 3d). Water depth 
was lower in rice bays and wetlands then in 
billabongs and dams, but the high level of 
variability between sites meant that this was 
not significant in the post hoc test (Fig. 3e).

Of the habitat and water quality variables 
measured, only the number of microhabitats 
was significantly correlated with species 
richness (Pearson’s correlation = 0.627, p < 
0.000) (Fig. 4). 

DISCUSSION

Frog diversity in the MIA is relatively high 
compared with the results of other studies (Jansen(Jansen
& Healey 2003; Doody et al. 2006).  These 
differences are mainly due to the greater diversity 
of habitats represented in these surveys. 

The species richness of frog communities 
did not differ significantly between water body 
types, probably because the number of species 
varied greatly between different sites of the 
same type. The general distribution of species 
was nested. The two most common species, L. 
tasmaniensis and C. parinsignifera were found
at the majority of sites regardless of water body 
type or condition; L. peronii and L. fletcheri
were found across all water body types but were 
restricted to a smaller number of sites, while the 
remaining species were restricted to one or two 
sites. 

Even though L. tasmaniensis and C. 
parinsignifera occurred at the majority of sites in 
this study, other studies have shown that breeding 
activity of both species is reduced by heavy 
grazing (Jansen & Healey 2003). L. fletcheri was
more common in rice bays and in canals than 
any other water body type this is probably due 
to the species preference for areas with a high 
percentage cover of aquatic vegetation (Jansen 

Fig. 4. The relationship between the number of aquatic microhabitats and frog species richness
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& Healey 2003). In contrast L. peronii was rare 
at rice bay sites because it is restricted to sites 
with standing timber (Hazell et al. 2001; Jansen 
& Healey 2003). 

Four species, L. interioris, N. sudelli, U. 
rugosa and L. latopalmata were relatively rare 
and were restricted to one or two specific water 
body types. None of these species is considered to 
be of conservation concern (IUCN 2006), but U. 
rugosa and L. latopalmata are close to the edge 
of their geographic range within the MIA. The 
occurrence of L. interioris and N. sudelli may be 
influenced by the soil type in the surrounding area 
as well as specific conditions within the water 
body. Both these species aestivate in burrows 
during dry periods and may be excluded from 
areas with very hard, rocky soil, as this limits 
their ability to dig burrows (Cogger 2000).   

The species richness of frogs was significantly 
correlated with the number of different 
microhabitat types present in the wetland. These 
results are similar to those found in billabong 
systems along the Murrumbidgee River by Jansen 
and Healey (2003). The relationship between the 
number of microhabitats and species richness 
reflects the specialised habitat requirements of 
many species, with the probability of individual 
occurring increasing in relation to the availability 
of specific microhabitats, such as standing timber 
or emergent vegetation (Jansen & Healey 2003). 
However, this relationship is complex, because 
the number of microhabitats, particularly the 
diversity of aquatic vegetation is often correlated 
with wetland hydrology and wetland area. 
Ephemeral water bodies or those with strongly 
fluctuating water levels tend to have greater 
diversity of aquatic vegetation (Casanova &  
Brock  2000) and also have lower densities 
predatory species (Balcombe  et al. 2006) Both of 
these factors are likely to influence the occurrence 
of frog species (Snodgrass et al. 2000) but were 
not directly measured in this study .

There were no significant relationships between 
species richness and water quality. Studies 
overseas have shown that poor water quality can 
affect frog species richness (Glooschenko et al.
1992; Skelly 2001). However, studies of local 
frog communities indicate that they are relatively 
tolerant to moderate levels of pH, conductivity 

and turbidity (Healey et al. 1997; Jansen & 
Healey 2003). 

The MIA region supports a relatively high 
diversity of frog species; however the much of 
this diversity is contained within a small number 
of individual water bodies. The high level 
of sensitivity of many frog species to altered 
habitat and water regimes stresses the need for 
careful consideration of their requirements when 
planning wetland management and environmental 
flooding.  
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Fish communities in floodplain wetlands of the mid-Murrumbidgee River
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Abstract: Effective management of wetlands should be underpinned by a good understanding of wetland 
communities. At present there is limited information on the distribution and abundance of fish in wetlands of the 
Murrumbidgee River, New South Wales. Four permanent and four temporary billabongs on the floodplain of the 
mid-Murrumbidgee River were surveyed in October 2004 and January 2005 to determine the distribution and 
abundance of fish species and examine relationships between fish communities and environmental parameters. 
Of the 23 species (including five exotic species) which have previously been recorded from Murrumbidgee 
wetlands, only eight species (including three exotic species) were caught in this survey. No threatened or rare 
species were detected. Fish abundance correlated with several environmental variables, and the permanence of 
the water was a key factor affecting the communities. Fish were more abundant in permanent billabongs than 
in temporary billabongs. The permanent billabongs were dominated by species of Carp Gudgeon Hypseleotris
spp. and juvenile Carp Cyprinus carpio were the most common fish in the temporary billabongs. Although an 
ongoing drought limited the number of billabongs that could be surveyed, the number of species detected in 
this study was consistent with other surveys of the Murrumbidgee River and its associated wetlands. The small 
number of fish species in these wetlands is most likely due to a combination of factors including the isolation 
or unseasonal flooding of billabongs by river regulation, pollution from urban and agricultural runoff, and the 
invasion of exotic fish species. These processes need to be reversed or mitigated at a landscape scale before 
natural recolonisation or restocking of fishes will be successful.

INTRODUCTION

Dynamic hydrological processes and local 
environmental variables create spatial and 
temporal heterogeneity in the physical and 
chemical character of riverine wetlands (Boon 
et al. 1990; Hillman 1998; Amoros & Bornette 
2002). This heterogeneity tends to make them 
more biologically diverse and productive than 
their parent rivers (Welcomme 1979; Junk et al.
1989; Boon et al. 1990). Many fish species use 
riverine habitats to fulfil at least some of their 
ecological requirements and a few are wetland 
specialists.

The critical factors that influence the presence 
of fishes in aquatic systems are water quality, 
freedom of movement at various spatial and 
temporal scales, cover from predators, suitable 
food for all life stages and suitable breeding sites 
(Lugg 2000; Meredith et al. 2003). Factors that 
have been shown to influence the distribution and 

abundance of fishes within individual wetlands 
include water depth (eg. Magoulick & Kobza 
2003), turbidity (eg. Winemiller et al. 2000), 
dissolved oxygen (eg. Winemiller et al. 2000; 
Magoulick & Kobza 2003), nutrient content and 
pH (eg. Winemiller et al. 2000; Magoulick & 
Kobza 2003), toxins such as vegetable leachates 
(eg. Gehrke 1993), habitat complexity as provided 
by dense macrophytes and woody debris (eg. 
Meschiatti et al. 2000; Reid & Brooks 2000), the 
distribution of food sources (eg. Meredith et al.
2003; Stoffels & Humphries 2003) and predation 
(eg. Gawlik 2002). 

The fish communities of floodplain wetlands 
appear to be assembled stochastically during 
flooding and determined by local processes 
after floods recede (Taylor 1997; Hoeinghaus et
al. 2003), at which point the wetlands become 
a trap from the perspective of most species. To 
persist in this situation fish need to be tolerant 
of fluctuating and often sub-optimal conditions. 
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Nonetheless wetlands also act as a refuge for 
many species and may be critical in maintaining 
populations through time (Poff & Ward 1990; 
Sedell et al. 1990; Lafferty et al. 1999; Hanfling 
et al. 2004). Higher fish density and diversity 
are predicted for wetlands that are larger, more 
permanent, and have greater connectivity to the 
channel and to other wetlands (Taylor 1997; 
Baber et al. 2002).

The floodplains of rivers and their associated 
wetlands among the most degraded ecosystems 
on earth. River regulation is probably the major 
cause of wetland degradation in Australia
(Kingsford 2000; Lugg 2000), altering the 
variability, magnitude and timing of flows 
(Maheshwari et al. 1995; Frazier & Page 2006). 
Regulation has reduced the flooding regime of 
some wetlands and increased the hydroperiod of 
others (Kingsford 2000; DPI 2004). These altered 
disturbance regimes affect wetland ecology, 
biodiversity and health (Ward & Stanford 1995). 
Land use practices such as clearing, cropping and 
grazing also affect wetland biota. Clear felling to 
the edges of wetlands increases sunlight exposure 
while livestock congregation around wetlands 
impacts negatively on aquatic vegetation, water 
quality and riparian condition (Robertson & 
Rowling 2000; Jansen & Robertson 2001). 
Wetlands are also the recipients of stormwater 
and sewage discharge, irrigation and industrial 
effluent, pesticides, eroded sediments and rising 
saline groundwater. In Australia increased 
salinity is particularly problematic for wetland 
macroinvertebrates and plants (Hart et al. 1990; 
Davis et al. 2003), although it has been suggested 
that Australia’s freshwater fishes appear to 
cope with heightened salinity relatively well 
(Cadwallader & Lawrence 1990).

The Murrumbidgee River is a major tributary 
within the Murray-Darling Basin. The middle 
Murrumbidgee floodplain (Gundagai to Hay) is 
the focus of this study and is characterised by 
well-defined wetlands (billabongs) including 
modern and palaeochannel cutoffs, backswamps 
and swale depressions (Page & Nanson 1996). 
Heavy flow regulation has approximately 
halved the frequency and duration of floodplain 
inundation in the middle Murrumbidgee
(Page et al. 2005). The middle Murrumbidgee 

River floodplain is identified within the lower 
Murray River catchment endangered ecological 
community (DPI 2005) which is threatened by 
river regulation, coldwater release, exotic pests, 
riparian habitat degradation, de-snagging and the 
input of agricultural fertilizers and pesticides. 

At least 23 fish species (five introduced) 
have historic or current distributions that include 
Murrumbidgee River billabongs. Five species 
listed as threatened by NSW Fisheries (DPI 
2005) have been recorded in the Murrumbidgee 
catchment (Lugg 2000; Morris et al. 2001; 
Gilligan 2005) and all of these, along with a 
further four unlisted native species, are thought 
to have declined significantly or become extinct 
within the catchment. Reasons cited for the 
decline of these fishes include loss of aquatic 
vegetation, loss of access to floodplain habitats, 
seasonal flow reversal, water level fluctuations 
influencing the survival of adhesive eggs, cold 
water pollution, and competition with exotic 
species (Morris et al. 2001). 

Most previous studies of fish in the 
Murrumbidgee catchment have focussed 
on riverine populations and there is limited 
information on the fish communities in 
wetland of the mid-Murrumbidgee River. The 
specific aims of this study were to examine the 
distribution and abundance of small fish species 
in billabongs of the middle Murrumbidgee River; 
and to gather hydrological and ecological data 
on each billabong to examine the relationships 
between fish communities and environmental 
parameters. On the basis of existing literature it 
was anticipated that fish would be more abundant 
in permanent wetlands and more diverse in those 
with greater connectivity to permanent water-
bodies.

METHODS

Study Area

The floodplain of the middle Murrumbidgee 
River between Gundagai and Hay is characterised 
by numerous natural wetlands. While some 
wetlands have retained water for at least 
several decades, others are only seasonally or 
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irregularly inundated. The reach from Tarcutta 
Creek to Malebo Range contains meander cut-
off wetlands, swale depressions and minor 
backswamps and the reach from Narrandera to 
Darlington Point contains large palaeo-channel 
meander cut-offs as well as modern cut-offs, 
swale depressions and minor backswamps 
(Page & Nanson 1996). In these reaches flow 
regulation has reduced the incidence of natural 
winter/spring flooding and, upstream of major 
irrigation off-takes, has increased mean summer/
autumn flows (Page et al. 2005). For mid-range 
floods (up to a return period of three years on 
the annual series), which fill most Murrumbidgee 
River wetlands, regulation has resulted in a 40% 
reduction in wetland inundation (Frazier & Page
2006). However, for those wetlands that are 
located low on the floodplain and are filled by 
irrigation flows or elevated water levels in weir 
pools, regulation has had the opposite effect, 
resulting in the permanent inundation of 31% of 
previously ephemeral wetlands between Wagga 
Wagga and Hay (Thornton & Briggs 1994).

Sampling design

Billabongs suitable for inclusion in this 
study were limited by the prevailing drought 
conditions in 2004/05, many being dry at 
the beginning of the study in late September 
2004. Following preliminary investigations, 
eight billabongs between Wagga Wagga and 
Darlington Point were selected for sampling 
(Table 1, Fig. 1).

Four of the selected billabongs (Bomen, 
Flowerdale, Coonancoocabil, Mantangry) were 
classified as permanently inundated as they had 
been continuously wet for at least 20 years prior 
to this study. Bomen Lagoon and Flowerdale 
Lagoon are the most hydrologically isolated 
billabongs. They have channel connection 
levels well above those achieved by irrigation 
flows, and receive river surcharge only from 
moderate to high floods. Bomen Lagoon is 
permanently inundated by local groundwater 
and Flowerdale Lagoon receives stormwater 
runoff from Wagga Wagga’s western suburbs. 
Coonancoocabil Lagoon is flooded directly 
from the Gogeldrie Weir pool. 

The four other billabongs included in this 
study (Yanco Agricultural High School Laggon, 
Coonancoocabil Swamp A. Coonancoocabil 
Swamp B, Gooragool Lagoon) were classified 
as temporary wetlands. These billabongs filled 
between one and 16 months prior to this study. 
These other wetlands are isolated from the river 
by a distance of between 0.1 km (Coonancoocabil 
Swamp A) and 1.5 km (Gooragool Lagoon). 
All temporary billabongs, with the exception 
of Coonancoocabil Swamp B, had almost dried 
by January 2005 (J. Maguire, DIPNR 2005 & 
G. Miller, State Forests of NSW 2005, pers. 
comm.). Coonancoocabil Swamp B retained a 
small volume of water, but was too shallow to be 
sampled in January 2005.

Sampling was undertaken during late 
September/early October 2004 (spring), and 
again in mid-January 2005 (summer). A single 
site within each of the eight billabongs was 
sampled in spring. By summer the temporary 
billabongs contained insufficient water, and only 
the four permanent billabongs were re-sampled.

Fish sampling

Fish were surveyed using a combination of fyke 
nets, bait traps and backpack electrofishing 
at each site. All sampling was carried out 
under a Scientific Research Permit issued 
by NSW Fisheries (P04/0077) and a Charles 
Sturt University Animal Care and Ethics 
Committee permit (04/029). Permission was 
also obtained to sample in state forests where 
applicable (State Forests of NSW permit no. 
21561).

Double-winged fyke nets with a stretched 
mesh of 20mm were set in about one metre of 
water for a period of 24 hours at each site. The 
nets were checked twice a day to remove air-
breathing vertebrates. Ten unbaited bait traps 
(400mm x 250mm x 250mm) with a mesh size 
of 2mm and an opening of 45mm were also 
set in shallow water (about 30-100cm), and 
usually close to the shore, with individual 
traps at least five metres apart. Where possible 
traps were placed near structures such as 
fallen timber and macrophyte stands. 

ROBYN J. WATTS AND CHRIS BUDD



99

Table 1. Characteristics of mid-Murrumbidgee River billabongs sampled during 2004/2005. 
Information obtained from J. Maguire (Department of Infrastructure, Planning and Natural Resources) 
and K. Page (Charles Sturt University)

Billabong name Location Type Primary source 
of filling

Last 
empty

Comments

Bomen Lagoon Wagga 
Wagga

Permanent Groundwater Prior
to
1980 

Last flooded from the river 
1991

Flowerdale
Lagoon

Wagga 
Wagga

Permanent Stormwater 1980 Last flooded from the river 
1996. Commence to fill 
lower than Bomen Lagoon.

Coonancoocabil
Lagoon

MIA2
State
Forest

Permanent Backed up 
water of 
Gogeldrie
weir, usually 
connected

Prior
to
1980 

Isolated from the 
Murrumbidgee River in 
late winter 2004.

Mantangry 
Lagoon

Kooba
Station,
Darlington
Point

Permanent Pump from 
Murrumbidgee; 
agricultural
drainage

Prior
to
1980 

Agricultural drainage 
connected Gooragool and 
Mantangry Lagoons in 
April 2004 and pumped 
water was received in July 
2004.

Yanco
(Agricultural
High School) 
Lagoon

Yanco Temporary Regulator from 
Murrumbidgee; 
agricultural
drainage/escape

Aug. 
2003

Water fluctuated greatly 
over 2003/04. Received 
escape drainage from 
August 2003, almost 
completely drained by 
DIPNR April 2004 but 
filled by further drainage 
soon after this, received 
water from Murrumbidgee
late August 2004.

Coonancoocabil
Swamp A

MIA2
State
Forest

Temporary Regulator from 
Murrumbidgee

Aug. 
2004

Received water early 
August 2004.

Coonancoocabil
Swamp B

MIA2
State
Forest

Temporary Regulator from 
Coonancoocabil
Lagoon

Aug. 
2004

Received water early 
August 2004.

Gooragool
Lagoon

Cuba State 
Forest

Temporary Overflow from 
pumping into 
Mantangry; 
agricultural
drainage.

Apr. 
2004

Agricultural drainage 
connected Gooragool and 
Mantangry Lagoons in 
April 2004 and pumped 
water was received in July 
2004.
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A Smith-Root Model 12 backpack electrofisher 
was used in accordance with the Australian Code 
of Electrofishing Practice in the vicinity of each 
site to complete 8 x 150 second shots at 300 – 400 
volts DC. Backpack electrofishing was conducted 
close to shore and in water less than about 60cm 
deep, and was concentrated around structures and 
macrophytes where these were present. Stunned 
fish were collected by a second person with the 
aid of a fine-meshed dip net. Fish caught by all 
three methods were held in water-filled buckets 
following the emptying of fyke nets and bait traps 
or the netting of fish during electrofishing. Caught 
native fish were identified, counted, measured 
(standard length) and returned to the water. A small 
number of specimens retained for identification 
were humanely euthenased prior to preservation. 
Alien fish were counted, measured and humanely 
euthanased in accordance with Charles Sturt 
University Animal Care and Ethics Committee 
guidelines and the Scientific Research Permit issued 
by NSW Fisheries. Length data were recorded for 
all fish caught in spring. In summer, where fish 
numbers were high, length was recorded for a 
minimum of 50 individuals per species per site.

Fish were identified based on the descriptions 
in McDowall (1996), and common names used are 
also as per McDowall (1996). Identification of the 
Hypseleotris gudgeon complex was completed in 
the field (Unmack 2000; Allen et al. 2002). During 
spring all carp gudgeons, other than Western Carp 
Gudgeon H. klunzingeri, were identified in the field 
as Lake’s Carp Gudgeon H. sp. 5 (undescribed). 
Subsequent examination of preserved specimens 
confirmed that Midgley’s Carp Gudgeon H. sp. 
4 (undescribed) was also caught at Mantangry 
and Flowerdale Lagoons (S. Reader, Australian 
Museum 2004, pers. comm.). For this reason all 
“Lake’s” Carp Gudgeon captured in spring were 
reclassified as Midgley’s/Lake’s Carp Gudgeon (H. 
sp. 4/5). During the summer sampling period all 
three carp gudgeon species were separated in the 
field.

Wetland assessment

The Wetland Condition Index (WCI) developed 
by Spencer et al. (1998) was used to assess the 

condition of each sampling site. This method 
groups environmental indicators into four sub-
indices: physical attributes, fringing vegetation, 
aquatic vegetation and water quality. The 
weighted results are combined into a single index 
number which can then be used to compare the 
condition of wetlands similarly assessed. 

The method used to assess Murrumbidgee
River billabongs differed from Spencer et al. 
(1998) as follows:

1. With the exception of Bomen Lagoon, 
assessment was made of a section of shoreline 
nearest to the site rather than of the entire 
wetland. This enabled the larger wetlands to be 
more easily assessed.

2. The ‘water colour’ indicator was 
omitted.

3. The ‘frequency of algal bloom’ indicator 
was omitted as this was impossible to establish 
for many sites, such as those in state forests.

4. Calculation of the water quality sub-index 
and total WCI were adjusted for the omission of 
the water colour and algal bloom indicators.

Additional water quality parameters (pH, 
salinity, and turbidity) were obtained using a 
Hach Environmental Hydrolab Quanta, and 
based on an average of four readings per site. 

Data analysis

The datasets used in all analyses of fish abundance 
included the pooled results of unbaited trap and fyke 
net captures. Electrofishing data were excluded 
from abundance analyses because inconsistencies 
in these results would confound the analyses. The 
effectiveness of electrofishing equipment varied 
widely between sites due to salinity, the degree of 
difficulty in wading at sites, and the techniques of 
different operators. The complete dataset, pooling 
electrofishing, fyke net and unbaited trap results, 
was used in the capture summary and species 
counts and in estimates of recruitment.

Biomass was estimated for each species 
using the length:weight relationships published 
by MDBC (2004). At sites where only a sample 
of common species was measured, biomass was 
calculated for the sample and then multiplied by 
the factor (b/n)xc (where b = biomass, n = no. 
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of fish measured, c = total no. fish captured) to 
estimate total biomass for that species.

Relationships between environmental 
variables and fish abundance were tested using 
Spearman’s rank correlations (SPSS for Windows 
version 11.5.0). Environmental variables tested 
included the Wetland Condition Index, the four 
WCI sub-indices, pH, salinity and turbidity. 
Fish abundance data for the more common (>20 
individuals caught in a given season) species and 
for total fish were tested.

Univariate analyses of variance (ANOVA) 
between permanent and temporary billabong 
data from the spring sample were conducted 
using individual sites as the level of replication 
for the two wetland types (SPSS for Windows 
version 11.5.0). Data for ANOVA were initially 
subjected to Levene’s test for homogeneity 
(SPSS for Windows version 11.5.0). Where the 
result for raw data was significant at the 0.05 
level, transformed (Log+1) data was tested 
for homogeneity, and discarded if the result 
was again significant. The permanent and 
temporary datasets for each variable were also 
tested for normality (Shapiro Wilk test in SPSS 
for Windows version 11.5.0). ANOVA were 
performed on the total Wetland Condition Index, 
the four sub-indices, pH, salinity, turbidity, total 
number of species, abundance of Western Carp 
Gudgeon, Midgley’s/Lake’s Carp gudgeon and 
Carp Cyprinus carpio, and total abundance for 
natives and all fish.

Similarities between fish communities in 
each billabong in spring were calculated using 
the Bray-Curtis similarity index, and a multi-
dimensional scaling (MDS) ordination in two 
dimensions was performed. Permanent billabong 
communities were compared to those from 
temporary billabongs using analyses of similarity 
(ANOSIM) (Primer 5 version 5.2.9).

Permanent billabong sites which were 
sampled in both spring and summer were 
compared between seasons using paired sample 
t-tests (Microsoft Excel 2000). The variables 
compared were the total Wetland Condition 
Index and the four WCI sub-indices, pH, salinity, 
turbidity, abundance for Western Carp Gudgeon, 
Midgley’s/Lake’s Carp Gudgeon, Carp and 
Eastern Gambusia Gambusia holbrooki, total 

abundance for natives, exotics and all fish, and 
the total number of species. The species counts 
included electrofishing capture data. Analysis of 
Similarity, using raw and transformed (Log+1) 
datasets, was conducted to test for a seasonal 
difference in communities at sites sampled in both 
spring and summer (Primer 5 version 5.2.9).

The proportion (%) of each species which 
were new recruits was estimated for those sites 
where fish were measured. The size limits used 
in making these estimates were based on the 
approximate lengths at one year of age or sexual 
maturity which were published in Gilligan 
(2005).

RESULTS

Fish species
A total of 3,754 individual fish representing five 
native and three exotic species were recorded 
across the eight billabongs (Table 2). The native 
species were Bony Bream Nematalosa erebi,
Australian Smelt (Retropinna semoni), Western 
Carp Gudgeon, Midgley’s carp gudgeon and 
Lake’s carp gudgeon. The exotic species were 
Goldfish Carassius auratus, Carp and Eastern 
Gambusia. The Midgley’s/Lake’s Carp Gudgeon 
group dominated abundance in spring (85% of 
total) and Lake’s Carp Gudgeon was the most 
abundant species in summer (84% of the total) 
(Table 2). Eastern Gambusia was the most 
common exotic species caught in summer (6.2% 
of total), and were present in all wetlands except 
Bomen Lagoon (Table 2). Although only four 
Australian Smelt were captured across both 
seasons (Table 2) large schools of juvenile smelt 
were observed at Coonancoocabil Swamp B 
in spring, and juveniles were also observed at 
Mantangry Lagoon.

The eight fish species were captured in both 
sampling periods. During spring sampling, 
species counts varied between zero at Yanco 
Lagoon and five at Gooragool Lagoon (Table 
2). Adult Carp were observed in Yanco Lagoon 
soon after the spring sampling (J. Maguire, 
DIPNR 2004, pers. com.), so were most likely 
present but not captured at that site in Spring. In 
summer, the number of species captured varied 
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102Table 2. Summary of species and abundance of fish captured in eight mid-Murrumbidgee River 
billabongs, 2004/05

S
am

pl
in

g
S

ea
so

n
S

ite
 N

am
e

Ty
pe

Bony Bream

Australian Smelt

Western Carp 
Gudgeon
Midgley’s Carp 
Gudgeon#

Lake’s Carp 
Gudgeon#

Midgley’s /Lake’s 
Carp Gudgeon #

Goldfish

Carp

Eastern Gambusia

Total native fish

Total exotic fish

Total fish

S
P

R
IN

G
B

om
en

 L
ag

oo
n

P
er

m
an

en
t

1
-

33
n.

r.
n.

r.
12

5
-

-
-

15
9

-
15

9
Fl

ow
er

da
le

 L
ag

oo
n

P
er

m
an

en
t

-
-

36
n.

r.
n.

r.
62

1
-

-
5

65
7

5
66

2
C

oo
na

nc
oo

ca
bi

l
La

go
on

P
er

m
an

en
t

-
1

18
n.

r.
n.

r.
54

-
-

1
73

1
74

M
an

ta
ng

ry
 L

ag
oo

n
P

er
m

an
en

t
-

2
9

n.
r.

n.
r.

81
8

-
3

-
82

9
3

83
2

Ya
nc

o 
La

go
on

Te
m

po
ra

ry
-

-
-

n.
r.

n.
r.

-
-

-
-

-
-

0
C

oo
na

nc
oo

ca
bi

l
S

w
am

p 
A

Te
m

po
ra

ry
-

-
-

n.
r.

n.
r.

-
-

15
8

-
-

15
8

15
8

C
oo

na
nc

oo
ca

bi
l

S
w

am
p 

B
Te

m
po

ra
ry

-
-

1
n.

r.
n.

r.
-

-
7

-
1

7
8

G
oo

ra
go

ol
 L

ag
oo

n
Te

m
po

ra
ry

1
-

1
n.

r.
n.

r.
17

1
11

-
19

12
31

TO
TA

L
2

3
98

n.
a.

n.
a.

1,
63

5
1

17
9

6
1,

73
8

18
6

1,
92

4
%

 T
ot

al
 a

bu
nd

an
ce

0.
1%

0.
2%

5.
1%

n.
a

n.
a

85
.0

%
0.

1%
9.

3%
0.

3%
%

 T
ot

al
 b

io
m

as
s

16
.4

%
0.

1%
0.

9%
n.

a
n.

a
10

.1
%

0.
4%

72
.0

%
0%

S
U

M
M

E
R

B
om

en
 L

ag
oo

n
P

er
m

an
en

t
-

-
44

2
1,

06
4

1,
06

6
-

1
-

1,
11

0
1

1,
11

1
Fl

ow
er

da
le

 L
ag

oo
n 

P
er

m
an

en
t

-
-

7
12

20
2

21
4

2
6

68
22

1
76

29
7

C
oo

na
nc

oo
ca

bi
l

La
go

on
P

er
m

an
en

t
-

-
17

6
84

90
-

1
20

10
7

21
12

8

M
an

ta
ng

ry
 L

ag
oo

n
P

er
m

an
en

t
2

1
28

35
18

4
21

9
5

14
25

25
0

44
29

4
TO

TA
L

2
1

96
55

15
34

15
89

7
22

11
3

16
88

14
2

18
30

%
 T

ot
al

 a
bu

nd
an

ce
0.

1%
0.

1%
5.

2%
3.

0%
83

.8
%

86
.8

%
0.

4%
1.

2%
6.

2%
%

 T
ot

al
 b

io
m

as
s

2.
2%

0%
1.

2%
0.

7%
20

.0
%

20
.7

%
0.

8%
74

.9
%

0.
2%

#  I
n 

sp
rin

g 
M

id
gl

ey
’s

 a
nd

 L
ak

e’
s C

ar
p 

G
ud

ge
on

 w
er

e 
no

t s
ep

ar
at

ed
 in

 th
e 

fie
ld

 (n
.r.

 –
 n

ot
 re

co
rd

ed
)



103

between four species at Bomen Lagoon and 
eight species at Mantangry Lagoon (Table 2).

The relative importance of each species 
differed when assessed as percent biomass 
and percent abundance (Table 2). In spring, 
the Midgley’s/Lake’s Carp Gudgeon group 
made up 85% of total abundance, but only 
10% of biomass. Carp was 9% of the total 
abundance but represented 72% of total 
biomass. Only two bony bream were caught 
but they represented 16% of biomass. In 
summer, Lake’s Carp Gudgeon was 84% of 
the total abundance but only 20% of biomass, 
and carp (1% of abundance) represented 75% 
of biomass (Table 2).

Unbaited traps caught 91% of all fish, 
backpack electrofishing 8%, and fyke nets less 
than 1%. There was no correlation between 
numbers of fish caught by unbaited trap and 
electrofisher (Spearman’s rank correlation 0.282, 
p=0.128). There was a significant negative 
correlation between salinity and the proportion 

of fish caught by electrofisher (Spearman’s rank 
correlation –0.657, p<0.01).

Condition of wetlands
The Wetland Condition Index varied between 
6.9 at Bomen Lagoon and 8.7 at Yanco Lagoon 
in spring, and between 7.2 at Bomen Lagoon and 
8.4 at Coonancoocabil Lagoon in summer (Table 
3). Some of the sub-indices were variable among 
sites: aquatic vegetation scores ranged from 5-
9.2 in spring and from 3.3-6.7 in summer; water 
quality scores ranged from 6-10 in spring and 
from 5-9 in summer (Table 3).

During spring all billabongs, except Bomen 
Lagoon, had a pH less than 7.0 and the three lowest 
values were all at temporary wetlands (Table 3). 
During summer, when only permanent billabongs 
were sampled, Coonancoocabil Lagoon was pH 
6.9, while all other sites were higher (pH range 
7.4-8.5). Salinity was higher in summer than in 
spring at all of the permanent billabongs, except 

Table 3. Environmental characteristics of billabongs in the mid-Murrumbidgee River, 2004/05.
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SPRING
Bomen Lagoon Permanent 6.9 6.9 6.7 5 9 7.9 0.33 38
Flowerdale Lagoon Permanent 8.1 10 7.3 5 10 6.7 0.12 29
Coonancoocabil Lagoon Permanent 8.2 8.5 8.7 7.5 8 6.9 0.27 79
Mantangry Lagoon Permanent 8.4 9.2 8.7 6.7 9 6.8 0.09 79
Yanco Lagoon Temporary 8.7 8.5 8 9.2 9 6.5 0.2 12
Coonancoocabil Swamp A Temporary 8.6 8.5 9.3 6.7 10 6.9 0.1 29
Coonancoocabil Swamp B Temporary 8.2 8.5 8.7 6.7 9 6.1 0.25 16
Gooragool Lagoon Temporary 7.3 9.2 7.3 6.7 6 6.4 0.12 31
SUMMER
Bomen Lagoon Permanent 7.2 8.5 6.7 5.8 8 8.5 0.42 22
Flowerdale Lagoon Permanent 7.6 10 8.7 6.7 5 7.7 0.22 228
Coonancoocabil Lagoon Permanent 8.4 9.2 9.3 5.8 9 6.9 0.11 72
Mantangry Lagoon Permanent 7.3 9.2 8.7 3.3 8 7.4 0.11 117
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at Coonancoocabil Lagoon, and turbidity was 
higher in summer than spring at Flowerdale and 
Mantangary lagoons (Table 3).

Relationship between environmental 
characteristics and fish communities
There were significant correlations between fish 
abundance and several environmental factors. 
The correlations of the spring data suggest that 
some species were more abundant in wetlands of 
poorer quality. Higher numbers of fish were found 
in billabongs with a lower aquatic vegetation 

index (Western Carp Gudgeon and total fish), 
lower overall Wetland Condition Index (Western 
Carp Gudgeon) and higher turbidity (Midgley’s/
Lake’s Carp Gudgeon and total fish) (Table 4).

In summer, the negative relationship between 
aquatic vegetation and Western Carp Gudgeon 
was repeated and a similar relationship was 
found for Midgley’s Carp Gudgeon (Table 4). 
Fish abundance was higher at sites with a lower 
fringing vegetation index (Lake’s carp gudgeon 
and total fish), higher pH (total fish) and higher 
salinity (eastern gambusia and total fish). The 

Table 4. Spearman’s rank correlations between environmental indicators and fish abundance in mid-
Murrumbidgee River billabongs, 2004/05. Significant correlations are in bold font
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SPRING (n=8)
Western Carp Gudgeon -0.697* 0.207 -0.528 -0.640* 0.032 0.358 0.309 0.530

Midgley’s/Lake’s C-
Gudgeon

-0.430 0.432 -0.365 -0.510 0.013 0.380 -0.160 0.716*

Carp 0.159 0.136 0.504 0.000 0.020 -0.287 -0.555 -0.116

Total fish -0.263 0.345 -0.074 -0.651* 0.396 0.563 -0.383 0.627*

SUMMER (n=10)
Western Carp Gudgeon -0.120 -0.125 -0.513 -0.556* 0.735** 0.152 -0.253 -0.669*

Midgley’s Carp Gudgeon -0.080 0.216 0.059 -0.694* 0.254 -0.097 -0.718** 0.079

Lake’s Carp Gudgeon -0.295 -0.452 -0.623* -0.204 0.137 0.535 0.472 -0.588*

Carp -0.082 0.100 0.060 0.066 -0.497 0.269 0.046 0.451

Eastern Gambusia 0.305 -0.007 0.007 0.511 -0.228 -0.191 0.594* 0.125

Total exotics 0.287 0.007 0.112 0.519 -0.326 -0.159 0.512 0.237

Total fish -0.283 -0.387 -0.820** -0.186 0.163 0.650* 0.627* -0.624*

(*) Significant to 0.05 level or less; (**) Significant to 0.01 level or less; (***) Significant to 0.001 level or less.
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relationships between fish abundance and higher 
pH and salinity were driven in part by similar 
but non-significant correlations for Lake’s Carp 
Gudgeon. In contrast to the results for spring, fish 
abundance was lower at higher turbidities (Western 
Carp Gudgeon, Lake’s Carp Gudgeon and total fish). 
Western Carp Gudgeon abundance was higher at 
sites with higher water quality, and Midgley’s Carp 
Gudgeon abundance was higher at lower salinities. 
Both species were negatively correlated with 
Eastern Gambusia (Spearman’s rank correlations 
–0.555, p<0.05 and –0.632, p<0.05 respectively). 
These were the only significant relationships 
between abundance of fish species in summer.

Comparison between permanent and temporary 
billabongs in Spring

The average total wetland condition index scores 
in spring were similar for permanent (7.9 ± 0.7) 
and temporary wetlands (8.2 ± 0.6). Temporary 
sites had higher average fringing vegetation scores 
(8.3 ± 0.9) and higher average aquatic vegetation 
scores (7.3 ± 1.3) than permanent wetlands (7.9 ± 
1.0, 6.1 ± 1.3 respectively). Permanent wetlands 
had higher average water quality (9.0 ± 0.8) and 
turbidity (56 ± 27 NTU) than temporary wetlands 
(8.5 ± 1.7, 22 ± 9 NTU respectively). However, 
turbidity was the only parameter that differed 
significantly between permanent and temporary 
billabongs (df = 1, F = 7.134, p< 0.05).

More fish were caught from permanent billabongs 
than from temporary billabongs in spring, although 
the variance within wetland types was large (Fig. 
2). There were significantly more carp gudgeon 
and Midgley’s/Lake’s Carp Gudgeon in permanentCarp Gudgeon in permanent in permanent 
billabongs than in temporary billabongs in spring, 
driving a corresponding pattern for total native fish 
numbers (Table 5). Although more carp were caught 
at temporary billabongs (Fig. 2), the variance was 
high and the difference was not significant (Table 5). 
There was no significant difference in the number 
of species captured from permanent and temporary 
billabongs (Table 5).

The composition of fish communities was 
significantly different between permanent and 
temporary billabongs (ANOSIM R = 0.526, p = 
0.029). The Multi-Dimensional Scaling ordination 
(Fig. 3) based on Bray-Curtis similarity indices 
highlights the distinction between the two wetland 
types, and also the greater similarity among 
permanent billabong communities than among 
temporary billabongs. The similarity between 
permanent billabong communities was largely 
attributable to the carp gudgeon species.

Comparisons of permanent billabongs between 
Spring and Summer

Similar numbers of fish were caught during spring 
and summer across all permanent billabongs, 

Table 5. ANOVA results for comparisons of fish abundance between permanent and temporary 
billabongs in the mid-Murrumbidgee River, Spring 2004

Variable d.f. M.S. F (Sig.)
Western Carp Gudgeon # 1 2.739 52.972 (***)
Midgley’s/Lake’s Carp Gudgeon # 1 8.499 24.950 (**)
Total Carp Gudgeon # 1 8.351 28.024 (**)
Total native fish # 1 8.308 27.276 (**)
Carp # 1 1.512 3.881 (NS)
Total Fish # 1 3.511 6.921 (*)
Number of species 1 4.500 1.800 (NS)

(*) Significant to 0.05 level or less; (**) Significant to 0.01 level or less; (***) Significant to 0.001 level 
or less; (NS) Not significant. # Transformed (Log+1) data.
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Fig. 1. Location of mid-Murrumbidgee River billabongs sampled in 2004/05
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although there was considerable variation within 
individual billabongs (Table 2). At Flowerdale 
and Mantangry Lagoons, numbers of fish were 
considerably lower in summer than in spring, 
while at Bomen and Coonancoocabil Lagoons 
they were considerably higher in summer than in 
spring (Table 2).

Summer samples from permanent billabongs 
were dominated by native species (Table 2), these 
being largely carp gudgeons. Eastern Gambusia 
was the most numerous exotic species caught at 
permanent billabongs in summer. There were 
no significant differences in fish abundance 
between spring and summer. There was also no 
significant difference in the fish communities 
between in spring and summer (R = 0.125, p = 
0.286). There were no significant differences for 
all the environmental variables between spring 
and summer.

Recruitment

There was evidence of fish recruitment in 
some billabongs in both seasons (Table 6). 
In spring, Midgley’s/Lake’s Carp Gudgeon 
recruits were captured in small numbers 
from permanent billabongs only. All carp 
captured from temporary billabongs in 
spring were new recruits. Although no 
juvenile Australian smelt were captured, 
they were observed at both Coonancoocabil 
Swamp B (temporary) and at Mantangry 
Lagoon (permanent). In summer the 
majority of Goldfish, Carp and Eastern 
Gambusia captured at most sites were 
recruits. Among the native species, only a 
small number of Western and Lake’s Carp 
Gudgeon and a single bony bream were 
recruits (Table 6).

Fig. 2. Native and exotic fish abundance in permanent and temporary billabongs, mid-Murrumbidgee 
River, Spring 2004
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DISCUSSION

Fish diversity in mid-Murrumbidgee 
wetlands

Of the 23 fish species which could potentially 
occur in mid-Murrumbidgee wetlands only 
eight species were caught in this study. The 
lack of diversity across the sampling area 
is of conservation concern and is consistent 

with recent NSW Fisheries sampling in the 
Murrumbidgee River and Australian Museum
Fish Database records for the area. In other fish 
surveys undertaken in Murrumbidgee wetlands in 
1998 and 2004 (DPI unpublished data; Gilligan 
2005), only three additional species were caught 
or observed among 8,000 fish recorded from 
14 wetlands. In these studies redfin perch were 
caught and observed at four sites, including 
Flowerdale and Coonancoocabil Lagoons, a 

Table 6. Proportion (%) of new recruits for fish species caught in mid-Murrumbidgee River billabongs 
by season, 2004/05

Permanent wetlands Temporary wetlands
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SPRING
Bony Bream <85 0 - - - - - - 0
Australian Smelt <30 - - 0 0 * - - - * -
Western Carp Gudgeon <20 0 0 0 0 - - 0 0
Midgley’s/Lakes Carp Gudgeon <20 <1 0 19 1 - - - 0
Goldfish <60 - - - - - - - 0
Carp <200 - - - 0 - 100 100 100
Eastern Gambusia <20 - 0 0 - - - - -
SUMMER
Bony Bream <85 - - - 50 n.a. n.a. n.a. n.a.
Australian Smelt <30 - - 0 0 n.a. n.a. n.a. n.a.
Western Carp Gudgeon <20 0 0 6 0 n.a. n.a. n.a. n.a.
Midgley’s Carp Gudgeon <20 0 0 0 0 n.a. n.a. n.a. n.a.
Lake’s Carp Gudgeon <20 0 0 2 0 n.a. n.a. n.a. n.a.
Goldfish <60 - 0 - 100 n.a. n.a. n.a. n.a.
Carp <200 0 60 100 100 n.a. n.a. n.a. n.a.
Eastern Gambusia <20 - 56 5 84 n.a. n.a. n.a. n.a.

# Fish length data from Gilligan (2005) was used to estimate proportion of new recruits.
* Smelt fry were observed at Coonancoocabil Swamp B and Mantangry Lagoon in spring.
$ Temporary billabongs not sampled in summer (n.a. – not applicable)
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small number of river blackfish were observed at 
one site and a single silver perch was recorded. 
As the current project was undertaken during a 
prolonged drought and the choice of billabongs 
suitable for sampling was limited, these factors 
may have limited the number of species detected 
in this survey.

Carp gudgeons made up about 90% of 
the catch during this study. Hypseleotris carp 
gudgeons are very common in the Murray-
Darling Basin (MDB), and often two, three or 
even four species may be found sympatrically 
(Unmack 2000). As the MDB is noted for its 
low fish diversity it is therefore important to 
be able to distinguish between carp gudgeon 
species in order to determine the maximum fish 
diversity of ecosystems. Further examination 
of the carp gudgeon complex is required, as it 
has the potential to add to our understanding 
of fish biodiversity and may have conservation 
implications.

Australian Smelt and Bony Bream were 
caught only in small numbers in the mid-
Murrumbidgee River billabongs, but this is more 
likely to reflect sampling design than evidence 
of rarity. Australian smelt was captured only by 
electrofishing and were often observed to remain 
beyond the operator’s range or, if stunned, to 
recover very quickly and escape. Many more 
Australian Smelt, including juveniles, were 
observed than caught. This species was the 

most common native fish caught in the 2004
Murrumbidgee catchment survey (Gilligan 2005). 
Bony Bream were only likely to be caught by 
fyke net among the methods used in this survey. 
Due to their schooling habit (McDowall 1996), 
catch results can vary greatly between different 
replicates at the same site. This species was fairly 
common in the 2004 Murrumbidgee catchment 
survey, but was caught only in the lowland reach 
(Gilligan 2005).

Fifteen species that could potentially have 
been caught in middle Murrumbidgee River
billabongs were not caught in this survey. Of 
these, eleven were not expected to be caught. 
The Murray Jollytail Galaxias rostratus,
Murray Hardyhead Craterpcephalus fluviatilis,
Olive Perchlet Ambassis agassizii, Southern 
Pygmy Perch Nannoperca australis, Southern 
Purple-spotted Gudgeon Mogurnda adspersa
and Tench Tinca tinca may already be locally 
extinct (Lugg 2000; Morris et al. 2001; Gilligan 
2005). Four further species (Freshwater Catfish 
Tandanus tandanus, Flyspecked Hardyhead 
C. stercusmuscarum fulvus, Crimsonspotted 
Rainbowfish Melanotaenia fluviatilis and Silver 
Perch Bidyanus bidyanus) are noted in recent 
literature to have become restricted or rare in the 
area (Lugg 2000; Morris et al. 2001; Gilligan 
2005). River Blackfish Gadopsis marmoratus 
were not expected due to their riverine preference 
(McDowall 1996; Morris et al. 2001) and were 
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Fig. 3. Multidimensional scaling ordination of fish community data for permanent (circles) and temporary 
(triangles) billabongs, mid-Murrumbidgee River, Spring 2004
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only included in the list of potential species on 
the basis of a small number of NSW Fisheries 
observations in wetlands in 1998 (DPI unpublished 
data).

Four further species (Golden Perch Macquaria
ambigua, Redfin Perch Perca fluviatilis, Flathead
Gudgeon Philypnodon grandiceps, Dwarf
Flathead Gudgeon P. sp. undescribed) which 
were predicted to persist in the region on the basis 
of existing literature, were not caught in middle 
Murrumbidgee River billabongs during this 
survey. The absence of golden perch in other 
recent wetland surveys (DPI unpublished 
data; Gilligan 2005), suggests that the species 
is no longer common in these billabongs. The 
golden perch population in the Murrumbidgee 
River is now thought to be mainly restricted 
to the reach downstream of Berembed Weir 
with the majority occurring downstream of 
Gogeldrie Weir (Lugg 2000).

The absence of Redfin Perch in wetlands 
where they have been previously observed 
(Dean Gilligan, DPI unpublished data) was 
unexpected. This species is abundant and 
widespread, and has significantly increased in 
numbers in the Murrumbidgee River catchment 
(Gilligan 2005). The lack of Redfin Perch 
captured in billabongs is no cause for concern 
in itself as the species has been implicated in 
predation on small native species (Stoffels & 
Humphries 2003). However, it does suggest 
that the isolation of billabongs from the river 
by regulation may have been detrimental to 
the movement of some fish species. 

The absence of Flathead Gudgeon or 
Dwarf Flathead Gudgeon was not entirely 
unexpected. Although several references list 
these two species as widespread and even 
common in the Murrumbidgee catchment 
(McDowall 1996; Lugg 2000; Allen et al. 
2002), recent and past surveys have either 
failed to detect them (Llewellyn 1983; Harris 
& Gehrke 1997) or have caught them only in 
very low numbers (Gilligan 2005). Fish caught 
in the latter survey were taken only in the 
lower Murrumbidgee River and in Burrinjuck 
Dam, with the population in Burrinjuck Dam 
possibly being derived from livebait releases 
(D. Gilligan, DPI 2005, pers. comm.). If 

Flathead Gudgeon had been present in the 
billabongs sampled in this study it is likely 
they would have been detected, as identical 
sampling techniques captured Flathead 
Gudgeon in a recent survey of the Lake 
Cargelligo system (Kerezsy 2005). Based on 
evidence from sampling in the Snowy River, 
Allan Lugg (DPI 2005, pers. comm.) has 
suggested that weirs may have restricted the 
distribution of this species.

Environmental factors influencing fish 
distribution and abundance in mid-
Murrumbidgee wetlands

Researchers have alternately emphasised 
colonisation (Baber et al. 2002; Lusk et al. 2003) 
and extinction (Taylor 1997) as the primary agent 
structuring wetland fish communities. It is likely 
that stochastic colonisation events influence 
communities during periods of high connectivity, 
while extinction processes alter communities 
in the variable and sometimes harsh local 
conditions after isolation (Amoros & Bornette 
2002; Hoeinghaus et al. 2003). Colonisation 
opportunities are influenced primarily by 
hydrology, while the environment in individual 
billabongs is shaped both by hydrology and local 
factors. 

The differing management regimes of the 
billabongs in this study combined with the 
natural geography have resulted in a range of 
hydrological regimes. The permanence of water 
in the billabongs was the key environmental 
factor distinguishing individual billabongs. Fish 
abundance and community structure differed 
significantly between permanent and temporary 
billabongs surveyed in this study. The permanent 
billabongs supported larger numbers of fish than 
temporary billabongs and were dominated by 
native carp gudgeons. There was also higher 
similarity in the fish community among the 
permanent billabongs than among the temporary 
ones, perhaps suggesting equilibrium has been 
attained over longer periods of inundation. 
Coonancoocabil Lagoon had the lowest fish 
abundances of the permanent billabongs, which 
may be explained by its almost permanent 
connection to the Murrumbidgee River. Wetlands 
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tend to generate higher biomasses than their 
associated river channels (Junk et al. 1989; Boon 
et al. 1990) and Coonancoocabil Lagoon, with 
migration unimpeded, may maintain a diluted 
community more akin to that of the channel. Many 
Goldfish, Carp and Eastern Gambusia captured in 
the permanent billabongs in summer were new 
recruits. Although there was limited evidence of 
native fish recruitment in the permanent billabongs 
there has clearly been carp gudgeon recruitment in 
these wetlands, as some of the highest densities 
of this species were captured in Bomen and 
Flowerdale Lagoons which have been isolated 
from the Murrumbidgee River for a decade or 
more.

Temporary billabongs had generally smaller, 
but highly variable, communities of which juvenile 
carp were often a prominent component. It is 
possible that diluted founder communities exist in 
newly inundated wetlands, the short hydroperiods 
being insufficient for the production of high fish 
densities (Liao et al. 2001). The greater variability 
between temporary billabong communities may 
be stochastic, or may represent a successional 
gradient among recently filled billabongs. For 
example, Gooragool Lagoon filled about five 
months prior to spring sampling. The initial 
input of agricultural drainage is likely to have 
carried in adult Carp, while subsequent linkage 
to the permanent waters of Mantangry Lagoon 
would have permitted further migration from 
that source. In contrast, Coonancoocabil Swamps 
A and B were both filled by regulator only a 
month prior to sampling. This may explain the 
discrepancy between the relatively high diversity 
and abundance of adult fish at Gooragool Lagoon 
and the almost total dominance of juvenile carp at 
Coonancoocabil Swamps A and B.

The absence of fish at Yanco Lagoon may be 
due to the source of the water. This billabong first 
filled over a year prior to spring sampling by an 
escape drainage event and river water was only 
received in the month before sampling. If there 
were no fish in the escape drainage water source 
then it would explain the lack of fish in the wetland. 
Two pieces of evidence support the hypothesis that 
the absence of fish at this site is real. Yanco Lagoon 
was the only site where numbers of tadpoles were 
observed and captured. Knutson et al. (2004) 

found that frog and fish presence are negatively 
correlated so this may suggest the absence of fish. 
The low turbidity in this wetland also suggests the 
numbers of fish are low. Experimental removal of 
fish has been associated with lower turbidity levels 
such as that evident in this wetland. In the absence 
of fish, zooplankton numbers increase and reduce 
phytoplankton numbers, and sediments settle 
(Schrage & Downing 2004).

It appears that carp were able to exploit newly 
available temporary billabong habitats more than 
native species. Juvenile carp were caught at three 
of the four temporary sites, and large numbers 
of adults were observed at Gooragool Lagoon. 
Temporary wetlands become a population sink 
unless fish are able to emigrate before hydrological 
connections are lost. Several Australian studies 
have shown that carp are among several species 
which will populate and breed in ultimately 
unsuitable floodplain wetlands (eg. King et al.
2003). The presence of large numbers of small 
juvenile carp in some of the temporary billabongs 
was consistent with this. There was no evidence of 
recruitment of native carp gudgeon in temporary 
billabongs, although this may also relate to 
sampling season and to the small size and pelagic 
habit of juveniles (Meredith et al. 2003; Stoffels & 
Humphries 2003). There was evidence of native 
Australian smelt recruitment at one temporary 
wetland site.

Few significant relationships were found 
between fish communities and local environmental 
factors in this study. This may have been partly 
due to low variation in Wetland Condition scores, 
which were based on broad categories (Spencer 
et al. 1998). The lack of significant relationships 
between fish communities and environmental 
factors is also consistent with the view that 
landscape and stochastic influences are more 
important in determining wetland fish communities 
than is the local environment (Baber et al. 2002).

Future management of wetlands in the mid 
Murrumbidgee catchment

Several small native fishes have apparently 
become extinct, or very rare, in the Murrumbidgee 
River catchment in recent decades (Lugg 2000; 
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Morris et al. 2001; Gilligan 2005). This study 
found no evidence of remnant populations of any 
threatened or rare species in middle Murrumbidgee 
River wetlands. However remnant populations, 
by their nature, are not always apparent. For 
example, several small cichlid species formerly 
thought to have been exterminated by Nile 
Perch Lates niloticus predation in the Lake 
Victoria basin have been rediscovered in rocky 
crevice and Papyrus Cyperus papyrus swamp 
refugia (Chapman & Chapman 1996). Whether 
remnant populations of small native fishes in 
the Murrumbidgee catchment are non-existent 
or undetected, clearly the threatening processes 
that originally led to their decline need to 
be reversed, neutralised, or mitigated on a 
landscape scale before natural recolonisation or 
successful restocking can take place.

The failure of this study to detect any rare 
species and the dominance of one common 
species confirm that mid-Murrumbidgee 
wetland ecosystems are indeed degraded. Likely 
causes of degradation include inappropriate 
hydrological regimes (reduced flooding and 
connectivity, and temporally altered flooding 
regimes desynchronising environmental cues) 
(Cadwallader & Lawrence 1990; Hillman 
1998; Kingsford 2000; Lugg 2000; DPI 2004), 
pollution caused by urban and agricultural 
drainage and rising salinity (Cadwallader 1978; 
MDBMC 1998; Donnelly et al. 1999), damage 
caused by livestock congregation around 
wetlands (Robertson & Rowling 2000; Jansen & 
Robertson 2001) and the displacement of native 
species by exotic fishes (Harris & Gehrke 1997; 
Ivantsoff & Aarn 1999; Morris et al. 2001; 
Stoffels & Humphries 2003).

Protection of a mosaic of wetlands at a 
landscape scale is desirable not only because of 
the influence of these catchment-wide issues, but 
because of the temporary nature of individual 
wetlands. Many wetlands are ultimately a sink 
for fish populations. For example, at least one 
of the “permanent” billabongs sampled in this 
survey has dried completely in the last quarter 
century (K. Page, CSU 2005, pers. comm.), 
and all wetlands gradually become terrestrial 
through processes of siltation and eutrophication 
(Ward & Stanford 1995; Aarts et al. 2004). 

Whether wetlands operate as temporary 
refuges to supplement river fish populations, or 
whether wetland populations can be maintained 
indefinitely by source river populations requires 
further study. However, either situation would 
depend on the large scale maintenance of more 
natural connectivity than currently exists in the 
region.

Gilligan (2005) advocated the reintroduction 
of small threatened species in headwater reaches 
of the Murrumbidgee River where possible (e.g. 
Southern Pygmy Perch and Southern Purple-
spotted Gudgeon), but noted that this is not an 
option for species such as Olive Perchlet, Murray 
Hardyhead and Murray Jollytail, that require 
lowland billabong habitat. Local measures can 
be undertaken to improve areas of habitat for 
native fishes in the short term. Gilligan (2005) 
suggested, for example, carp screens on billabong 
regulators, continued seeding with artificially 
bred stock, and the synchronised, coordinated 
inundation of wetlands. Carp screens have been 
trialed in Murrumbidgee River billabongs and 
their exclusion of large carp was observed to 
improve wetland condition (J. Maguire, DIPNR 
2005, pers. comm.). However, the screens 
require continuous monitoring and maintenance 
while in use and would not prevent colonisation 
by smaller exotic pests (including juvenile carp). 
The latter problem could possibly be mitigated 
by the careful timing of regulated flooding, 
but this may compromise efforts to reverse the 
desynchronisation of environmental cues.

An ongoing program of seeding with hatchery 
stock is a reactive option and, due to the ongoing 
drain on resources, reliant on the indefinite 
political resolve of relevant government 
departments. It raises the question of what 
outcomes managers are hoping to achieve. The 
improvement of wetland condition to maintain 
overall biodiversity and ecosystem services in the 
catchment should take priority over the artificial 
maintenance of a small number of prominent 
species. Restocking of Southern Purple-Spotted 
Gudgeon has been unsuccessful in the upper 
Murrumbidgee catchment, and surveys have 
failed to detect new recruitment following 
the stocking of trout cod (Gilligan 2005). This 
suggests that a strategy of restocking, in isolation, 
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is not enough. Although the research and publicity 
value of species conservation cannot be denied, 
its use in wetland rehabilitation needs to be part 
of a longer term strategy that aims to improve 
large-scale catchment processes.

The coordinated inundation of wetlands is 
a larger scale solution to reversing floodplain 
degradation and a program of environmental flow 
allocations in the Murrumbidgee River has been 
initiated. However, water allocations are made 
under the proviso of minimal impact on irrigators 
(Shields & Good 2002), which means that flows 
sufficient for environmental needs (Arthington 
& Pusey 2003) are by no means guaranteed. In 
addition, flooding by unplanned escape drainage 
events and cancelled water orders can reduce 
the value of appropriately timed, controlled 
wetland inundations (Chong & Ladson 2003; 
J. Maguire, DIPNR 2005, pers. comm.). Fish 
require continuously inundated and periodically 
connected water sources in order to persist in 
the long term. Competing water needs along 
with an incomplete understanding of how to best 
implement environmental flows, have made it 
difficult to find a solution which is satisfactory to 
all (eg. Pigram 2000; Ladson & Finlayson 2002). 
Considerable political will, practical strategies 
for contingencies affecting stakeholders, and a 
better understanding of environmental flows are 
required before appropriate environmental flows 
can be guaranteed.

Given the reality of limited environmental 
water allocations, there is a need to prioritise 
the distribution of environmental flows to those 
wetlands that will benefit the most from an 
ongoing program of conservation and restoration 
(Shields & Good 2002). This should include 
wetlands that are currently in a less degraded 
state and that are in relatively close proximity to 
each other to permit cross-colonisation. There is 
a need to retain some billabongs as permanent 
water bodies, as the stability of such sites appears 
to promote more abundant and stable populations. 
Temporary billabongs may need to be managed 
for carp invasion to protect other components of 
these environments.

The conservation potential of degraded 
billabongs should not be overlooked. Lagoons 
such as Flowerdale and Bomen in Wagga Wagga 

are relatively isolated and may provide valuable 
opportunities for discreet conservation projects 
with the primary aims of research (eg. exotic 
species control), education and community 
involvement.

Wetlands are important habitats for a range of 
animal and plant communities. The conservation 
of wetland areas is desirable in terms of benefits 
to the biodiversity of wetland obligates and 
seasonal users, and in terms of ecosystem 
services to the catchment, such as the input of 
nutrients and food. Although there is currently 
only a low diversity of fish in mid-Murrumbidgee 
billabongs, they are likely to have important 
linkages with other components of these 
ecosystems. As with most conservation problems, 
management of these systems should focus more 
on processes threatening the ecosystem than on 
individual species, communities or wetlands. 
Recolonisation, whether natural or assisted, is 
not likely or viable unless threatening processes 
can be resolved or sufficiently mitigated at both 
landscape and local scales (Meffe & Carroll 
1997; Bond & Lake 2005).
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A review of European Bittern Botaurus stellaris research techniques 
and results: their potential application to Australasian Bittern Botaurus
poiciloptilus ecology and conservation
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Abstract:  The Botaurus genus of bitterns are beautifully brown streaked birds that despite their 
relatively large size are very secretive and remain well hidden within dense wet vegetation.  There is 
very little known of the true status or ecology of Australasian Bittern Botaurus poiciloptilus which is a 
drawback to progressing the conservation of this globally vulnerable species. The same situation was 
true for European Bittern Botaurus stellaris up until the 1990s when several European countries started 
research and conservation programmes. National monitoring programmes, using point count and vocal 
individuality techniques have identified population trends of booming (vocalising) males. Triangulation, 
location methods and radio tracking of adult males have established their preferred feeding habitat. 
Nest visiting and radio tagging chicks has shown what the diet is and the importance of prey availability 
to female bitterns. Some of the techniques used will be applicable to Australasian Bittern and the results 
of similar work would inform practical wetland conservation management for this species as it has for 
its more widespread European cousin.

INTRODUCTION

Until the 1990s, lack of research and literature 
on the ecology of the European Bittern Botaurus
stellaris was due not only to its rarity, but 
also its secretive habits and preference for 
inaccessible, marshy wetlands. The difficulties 
and uncertainty faced by the Royal society for 
the Protection of Birds (RSPB) in doing research 
on this species in the UK in the early 1990s 
cannot be underestimated. During a period of 
more than 10 years, a range of techniques was 
applied (some tentatively) to count the species 
more accurately and to study preferred habitat 
and diet. The aim of the research was to prevent 
this species from becoming extinct as a breeding 
species in the UK, for the second time in recent 
history. Similar to the situation with European 
Bittern a few years ago, there is a dearth of 
information on all aspects of the population 
trends and ecology of Australasian Bittern, its 
global distribution extends from Western Europe 

across central Asia to north Japan. As such, the 
global status of European Bittern according to 
the IUCN red list categories is “least concern” 
(considered widespread and abundant), whereas 
Australasian Bittern is “vulnerable” (considered 
to be facing a high risk of extinction in the wild) 
(Birdlife International 2000). Within Western 
Europe, the population of European Bittern now 
has a very discontinuous distribution and despite 
its global range, it has become a flagship species 
for wetland restoration projects and conservation 
within many countries. More EU Life Nature 
funded projects have been awarded for bittern than 
any other species (56 projects in 20 EU countries; 
European Commission 2004). This is mainly 
because European Bittern is a species indicative 
of increasingly rare and fragmented seasonally 
flooded wetlands, habitats extremely vulnerable 
to man-induced landscape changes. Part of the 
reason may also be the increased availability 
of research – based advisory material outlining 
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habitat management recommendations for this 
species (e.g. Hawke & Jose 1996; White & Gilbert 
2003; White et al. 2006). Australasian Bittern may 
well be a species indicative of a very vulnerable 
suite of wetlands, and research outlining the needs 
of this species will undoubtedly help towards the 
conservation of its habitat. Non – invasive and 
invasive study methods have provided important 
information on European Bittern. However, the 
most useful data has undoubtedly come from 
what will be seen as more invasive, involving 
nest finding and attachment of radio transmitters. 
It seems that the preferred habitat, physiological 
characteristics, vocalisation, nesting behaviour 
and diet of Australasian Bittern may be similar 
to that of European Bittern (Marchant & Higgins 
1990). As such, it is likely that some of the research 
techniques are applicable to both species. The 
aims of the paper are to review those methods that 
proved successful in researching the ecology of 
European Bitterns and in implementing subsequent 
conservation management in the UK; and to 
suggest which techniques may be immediately 
beneficial in an Australian situation.

GENERAL TECHNIQUES

Monitoring objectives

The first phase of the UK research involved 
development and implementation of a national 
monitoring programme (Gilbert et al.1994, 
Gilbert et al. 1998; Gilbert et al. 2002). Having 
a believable baseline count or estimate for the 
elusive European Bittern has helped provide 
the justification necessary to prioritise valuable 
resources, attract funding and set targets. The 
habitat management necessary to rehabilitate or 
even create wetland sites is expensive and it has 
been essential to measure how the population 
has reacted to such expenditure. Later research 
led to a standardised programme of monitoring, 
not only of vocalising males, but also nesting 
females, prey availability, water quality and 
habitat. This has helped diagnose site – specific 
problems and more targeted habitat management. 
Monitoring objectives for European Bittern vary 
from country to country according to the level of 
information necessary and logistical constraints.

Fig. 1.  The numbers of booming male European Bittern Botaurus stellaris and occupied sites in the 
UK since monitoring began in 1990
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Booming males
The most obvious indication of breeding 
presence is the booming vocalisation of male 
European Bitterns and this is the census unit for 
the species.

In the UK, European Bittern numbers are 
low, with the highest number on any one site 
being about 10 booming males; the occupied 
sites are relatively small and easily accessible. 
Since 1990, absolute estimates of the numbers 
of bitterns have been collected annually (Fig. 
1) (Gilbert et al. 2002). Techniques of mapping 
booming males using triangulation (described 
by Lefebvre & Poulin 2003) and of using 
sound recordings of booming males to help 
discriminate between them have been invaluable 
within UK bittern monitoring (Gilbert et al. 
2002). Both the regularity (seasonal and diurnal) 
and quality (carrying distance of the sound) of 
male vocalisations varies considerably between 
individuals. An underestimate of numbers of 
booming males is likely if visits to sites are 
infrequent (less than once a week for example) 
or if you cannot get to within 100m of suitable 
habitat. An overestimate of numbers is likely 
if home ranging behaviour is not taken into 
account. Males can have large or fragmented 
home ranges (>100ha) and can boom from 
anywhere within these, often moving during an 
evening or morning booming session. Rules to 
decide on whether two males heard on different 
survey visits are the same or different are crucial 
and in the UK, we assume two males to be the 
same unless there is evidence to the contrary. 
Sound recording and vocal individuality 
analyses have helped with these decisions and 
to build up an understanding of home range 
behaviour (Gilbert et al. 2002). Analysis of 
vocal individuality is very time consuming, 
both in the field and with subsequent analysis 
of recordings, but it has an efficient use as a 
method of calibrating survey rules. For example, 
a national survey of booming European Bitterns 
for the Netherlands (van Turnhout et al. 2006). 
In countries, such as France with more than 
300 booming male bitterns in large inaccessible 
sites with thousands of hectares involved (such 
as the Carmargue) then a relative index of 
numbers is achieved following standardised 

protocols (Poulin & Lefebvre 2003).  These 
optimal sampling protocols use point counts of 
differing duration and frequency depending on 
peak and low levels of activity and density (sites 
comprising single or multiple bitterns) (Poulin 
& Lefebvre 2003). 

Nesting females
In the UK, it is estimated that only about 50% of 
sites with booming males show any evidence of 
nesting females (Gilbert et al. in press). These 
sites tend to be within the core population. The 
expansion of the UK bittern population outside 
of the core range has rightly been recognised 
as great news, but is more likely to involve 
sites with booming males without successfully 
breeding females. For this reason, part of 
the annual monitoring of bitterns in the UK
provides an estimate of the numbers of nesting 
females. This estimate is achieved through 
very time-consuming watches over sites with 
booming males. Watches continue for at least 
5 hours, every 10 days and rely on sightings of 
females flying to find food for their young. This 
is possible in the UK, because the behaviour is 
predictable (Gilbert et al. in press), which is not 
the case in other countries.

Other ecological factors 
As well as bittern monitoring, the third and 
continuing phase of UK bittern work by the 
RSPB includes monitoring the wide range of 
ecological factors that can affect populations. 

Fish species and biomass 
Monitoring fish populations can give an essential 
insight into the food potentially available to 
bitterns and provides the data necessary to 
inform decisions about whether and when fish 
– stocking should take place. Fish monitoring is 
very difficult to standardise and the techniques 
aimed to provide a relative estimate of species 
composition, size, weight and health, rather than 
absolute estimates of numbers. Standardised 
electro fishing sampling techniques (Cowx & 
Lamarque 1990) are used at most sites, except 
those brackish waters which are too conductive, 
in these, gill or fyke net traps can be used (Booth 
& Potts 2006).

BITTERN ECOLOGY AND CONSERVATION
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Predators
Predation of bittern chicks accounts for significant 
mortality (see below). Introduced, non-native 
predators are the main culprits in some countries 
(e.g. American Mink Mustela vison in the UK,
Raccoon Dog Nyctereutes procyonoides in 
Finland and Belarus), but native predators can 
still have an effect (e.g. Fox Vulpes vulpes in the 
UK, Magpie Pica pica and Crow Corvus corone
in France, Eagle Owl Bubo bubo in Belarus).  
Routine control of American mink has become 
part of wetland management in the UK, this is 
a time – consuming and expensive task that is 
sometimes carried out by a dedicated employee 
or gamekeeper. Some sites reduce the time taken 
to check traps by incorporating a signalling 
device (either a visual flag or an electronic radio 
signal) activated when traps are triggered. 

Water levels
European Bittern preferred habitat includes a 
level of water within tall emergent vegetation. It 
is important to know how much of the vegetation 
on a site is flooded throughout the year and it is 
impossible to know without actively measuring 
it. A hydrological assessment of a site should at 
the very least involves the regular monitoring of 
water levels using gaugeboards in each distinct 
hydrological area. The addition of a levelling 
survey (calibrated to the gaugeboards) throughout 
the vegetated area will allow an estimate of water 
levels throughout the site.  

Chemical and environmental water quality
As part of a long-term plan to improve habitat 
for native fish populations on a range of UK 
sites with and without bitterns, the ecological 
condition of water bodies was assessed.  

The chemical parameters measured were:  
total Nitrogen (as N), total Phosphorus (as P), 
conductivity (at 250C), pH, and chlorophyll a. 
Environmental measures included turbidity and 
the abundance and diversity of macrophytes, 
macroinvertebrates and cladocera.  

Measuring population limitations

Large scale habitat associations and habitat 
quality

The first quantitative evidence that seral 
succession and inappropriate management of our 
freshwater vegetative communities was limiting 
bittern populations came from a study of 22 sites 
in the UK, half of which were abandoned by 
bitterns over a 12 year period. 

Detailed measures reflecting the successional 
stage of the habitat were taken from randomly 
located quadrats within every site. For example, 
litter build up, basal vegetation density, water 
levels and scrub encroachment. These habitat 
features were related to the presence or absence of 
bitterns. Habitat degradation, leading to a lack of 
suitable places to forage and nest was considered 
to be of primary importance in the loss of bitterns 
from most of the sites (Tyler et al. 1998).  Further 
initial evidence of the importance of water levels 
came from an analysis of adult male bittern 
survival. The measure of survival came from 
identification of adult males between years using 
vocal individuality. Local annual survival was 
positively related to winter (January to March) 
rainfall, showing rainfall (and therefore water 
levels), as influential on survival or the likelihood 
of permanent emigration (Gilbert et al. 2002). 

Site comparisons, timing of booming
Recording the date of first booming on site 
has proven to be a useful indication of habitat 
suitability for bitterns. It makes sense for bitterns 
to start nesting as early as possible during the 
spring, as earlier clutches are bigger (Gilbert et al. 
in press), they are able to double brood (Mallord 
et al.2000), and there is evidence that breeding 
success decreases as the season progresses, linked 
with falling water levels (Puglisi & Bretagnolle 
2005). The environmental factors that best 
explained when males would start booming on a 
site in the UK were water levels and fish density 
(Gilbert et al. in press) and the onset of booming 
in the UK became earlier at sites where the habitat 
had been significantly improved (e.g. Smith et
al. 2000). This indicator is particularly relevant 
where there are external pressures on a site (e.g. 
agricultural practices of rice fields, commercial 
reed cutting, water abstraction) likely to delay its 
suitability for bitterns in the spring (Gilbert et al. 
in press).  Such delays have greater impact on 
breeding success than is at first obvious.  

GILLIAN GILBERT



121

Fine scale habitat associations
During the breeding season, the males feed 
within their home ranges and the selection of 
habitat within is driven by the availability of 
food. Techniques used to directly study European 
Bittern habitat associations have concentrated on 
the males, as their use of a breeding home range 
and booming behaviour allows location of a 
measurable area of importance to the birds. Their 
more obvious and predictable behaviour also 
makes them easier to catch (to be fitted with a 
radio – transmitter) than females.  

Data from population monitoring that provide 
triangulated positions of booming males through 
a season can also be used as an estimate of male 
home range size and location, if enough locations 
are collected in a systematic way (e.g. Adamo 
et al. 2004, Puglisi et al. 2005, Poulin et al. 
2005).  This quickly assesses habitat use without 
the need to capture and radio – tag birds. This 
method does however underestimate the true size 
of home ranges, relative to estimates made from 
radio–tagged males (Gilbert et al. 2005) and is 
biased towards actively booming males during 
the breeding season. 

In order to radio – track male bitterns they 
have to first be caught and fitted with radio 
transmitters. The capture method in the UK used 
a tape – lure/mist net combination (see Gilbert et
al. 2005). This process was only ever attempted 
once for each male, could take more than 3 hours 
and had a 50% success rate.  On capture, males 
were fitted with a radio transmitter (TW3 units. 
Biotrack Ltd, Wareham, Dorset, UK) weighing 
9g (less than 1% of the birds bodyweight) and 
configured with an expected battery life of one 
year. The attachment design was developed 
specifically for the UK study (see Gilbert et al. 
2005) and there were no observed changes in 
territory location after handling (independently 
measured by voice characteristics - see Gilbert 
et al. 2002). 

The habitat categories measured for European 
Bittern studies have been a mix of simple large-
scale areas and water depths; and detailed quadrat 
measures. Although both have been useful, 
simple measures of the areas and edge length 
of vegetation, open water and water levels have 
been the most enlightening. 

Habitat requirements of nesting females
Female European Bitterns build the nest (Cramp 
& Simmons 1977); the male takes no part in 
nesting activity, the care of the young or the 
female (Percy 1951; Gilbert et al. in press). 
Females nest in specific habitats that are not as 
regularly used by males (Gilbert et al. 2005), but 
they are more difficult to study, as they do not 
boom and they look similar to males (although 
there are recognisable differences; Dmitrenok 
et al. in press). Nest finding is crucial not only 
to understanding any female - specific habitat 
choice, but also to productivity, diet, first year 
dispersal and survival.  Two different methods 
of nest finding are used, both with their inherent 
biases.  In the UK, nests are found by watching for 
predictable feeding flights of females, this biases 
the nests against those failed/predated at the egg 
stage, although 18% of nests found using this 
method have been at the egg stage (Gilbert et al. 
in press). In other European countries, (eg Italy; 
Puglisi et al. 2005) nests are more commonly 
found by cold – searching which biases against 
nests starting later in the season, or against 
any nests outside of the search area, (which is 
usually restricted to the male booming home 
range). Between techniques, the search method 
is the same; it is the area to be searched and the 
time involved that varies. The main issue in the 
UK with nest finding was to keep disturbance 
to an absolute minimum, this was achieved by 
searching a small area (approx 50mx 50m) from 
which the female was seen to fly and return, and 
limiting the search time to 45 minutes, preferably 
when the female was known to be away. More 
than 90% of nests searched for in this way 
were located first time, but of course, it relies 
on the female flying to find food for the young. 
Comparisons of experiences of researchers in 
different European countries, seem to show that 
this behaviour varies according to the availability 
of food near the nest. 

Habitat and water level measurements 
made around nest sites and at the end positions 
of feeding flights have been used to examine 
female feeding and nesting habitat  (Gilbert et
al. 2005; Puglisi & Bretagnolle 2005; Puglisi 
et al. 2005; Adamo et al. 2004). It is possible 
to catch female European Bitterns; Belarussian 
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researchers have successfully achieved this 
using a specially designed net placed over the 
nest while the female is away (Dmitrenok pers. 
comm.). In the UK the only radio tagged females 
have been rehabilitated birds, those radio tagged 
in the nest and recaptured for re-tagging before 
the battery – life of the tag was due to fail. It 
proves much easier to catch a bird that is already 
radio tagged. 

Food as a limiting factor
An understanding of the diet of the European 
Bittern and how to create the best conditions 
to improve prey density and availability are 
priorities of European Bittern conservation 
today. There is little quantitative diet information 
published about European Bitterns. This is 
mainly because of the difficulties of gathering 
such data, as adults are very rarely seen feeding. 
Small cameras have been used to film females 
at the nest, but food is regurgitated directly to 
chicks and is difficult to identify in this way. The 
only way so far of accurately quantifying diet has 
been to examine the stomach contents of dead 
birds or to sample chick regurgitates (Gilbert et
al. 2003).   Chicks will automatically regurgitate 
their last meal when they are handled at the 
nest; usually it is easiest to identify, weigh and 
measure the large items and remove the smaller 
items for closer examination. Video evidence 
shows that regurgitates are fed back to the chicks 
if replaced on the nest. Measuring the prey 
available to bitterns within flooded vegetation 
is difficult. Normal fish sampling techniques are 
best done in open water, but as such may not be 
representative. An electro – fishing device able 
to be used in dense habitat was developed in the 
UK with some success (Noble et al. 2004). 

Breeding success
A measure of breeding success can be achieved 
by assessing how many chicks are alive in a 
nest up until 15 days old (Puglisi & Bretagnolle 
2005). The only way to measure how many 
chicks fledge successfully from a nest is by radio 
tagging them and following their fate through 
the season (Gilbert et al. in press). This more 
involved method showed that the average age 
of death was just over 15 days. Safe fitting of 

tags to chicks involved knowing the maximum 
likely dimensions of the adult tibia. Chicks are 
sufficiently developed to be fitted with a ring 
at the age of 8 days and a radio tag at 12 days 
though greater delays in marking were necessary 
for slow developing chicks (Fig. 2). Chicks of 14 
days old can evade capture by running through 
the vegetation, so there is a small time window 
within which to radio tag all chicks in each nest. 
Asynchronous hatching and variable growth rates 
mean that often more than one visit is necessary 
to ring and radio tag all young in the nest. All 
methods of nest finding for this species have the 
same problems of disturbance to the vegetation 
and the probability of leaving some kind of path, 
which should be avoided where at all possible. 
Other benefits of fitting radio tags at the chick 
stage have been, by following them through to 
their first breeding season we have discovered 
that both sexes can breed successfully in their 
first year. 

EUROPEAN BITTERN RESEARCH
RESULTS AND IMPLICATIONS 

The common elements to the results of 
triangulation and radio – tracking studies from 
several European countries, are the presence 
of tall emergent vegetation and standing water, 
plus open water in many cases. The relative 
composition of these elements has been shown to 
differ according to the needs of the most available 
prey species. A pan – European perspective 
provides evidence that European Bittern are 
very adaptable within what should be quite a 
wide range of habitats. In the UK, where native 
freshwater fish (Sticklebacks Pungitius pungitius
and Gasterostreus aculeatus; Rudd Scardinus 
erythrophthalmus ; and Eel Anguilla anguilla) 
make up most of the biomass of the diet, the 
most important feeding habitat was found to be 
the flooded 30m margin of vegetation next to 
open water (Fig. 3). The habitat in which female 
European Bitterns choose to nest is driven both by 
avoidance of predators and the desire to be close 
to feeding habitat (Adamo et al. 2004; Gilbert et
al. 2005). We see the need for concealment of 
the nest with thicker, stronger vegetation and 
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Fig. 2.  Growth curves of 60 male and 62 female European Bittern chicks, by bill length (to feathers), 
tarsus and weight, from the UK. The parameters of Gompertz equations(Y=ae-e b-cx) (a=asymptote, 
b=point of inflection, c=growth) were calculated by non-linear regression, except “a” which was fixed. 
Fixed asymptotes were mean measures from adult male (n=9) and female (n=2) European Bitterns in 
the UK. Marked on the graphs is the size at which chicks were developed enough to be fitted with a 
metal ring or radio tag (from Gilbert et al. in press)
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presence of a water level likely to sustain through 
the season. European Bittern diet varies widely 
across countries, but is dominated by fish. The 
fish species taken vary with local abundance 
and availability. Other taxa that can dominate 
the diet are amphibians, crayfish, mammals 
and aquatic invertebrates. Introduced, invasive 
and farmed species can dominate bitterns diet, 
as they will target the most available prey. For 
example Red–swamp Crayfish Procambarus 
clarkia in some parts of France (Poulin et al. 
2004), and Carp Cyprinus carpio in the farmed 
carp fishponds of Poland (Marcel Polak pers. 
comm.) and Belarus (Marina Dmitrenok pers. 
comm.). If conditions are good for European 
Bitterns, populations have the potential to 
increase or recover quickly. We know that 
females and males can breed successfully in 
their first year, males are polygynous, (Cramp 
& Simmons 1977) and females have been 
proved to successfully produce two broods 
of young in one season (Mallord et al. 2000). 
However, unusually amongst herons and 
bitterns, the female European Bittern takes sole 
care of raising the young (Cramp & Simmons 
1977) and the balance for the female of being 
away from the nest to find food, brooding the 
young against exposure and protection against 
predators, is a very fine one (Gilbert et al. in 
press.). The prevalence of female feeding flights 
varies between countries, reflecting differences 

in the availability of food (Adamo et al. 2004; 
Puglisi et al. 2005; Gilbert et al. in press). If 
food is hard to find the females will be away 
from the nest for longer, leaving chicks more 
vulnerable to exposure and predation. In two 
quantitative studies, although predation was a 
factor, starvation was the most important cause 
of chick mortality (Puglisi & Bretagnolle 2005) 
(Gilbert et al. in press). 

European Bittern research results have been 
translated into practical habitat management 
advice that has been implemented since the mid 
1990s. This extensive subject cannot be covered 
here, but the following guides cover a broad 
range of the basic information (Hawke & Jose 
1996; White & Gilbert 2003; White et al. 2006). 
Typical of many European countries, in the UK 
many individual nature reserves and privately 
owned sites have followed habitat management 
advice specifically aimed at improvements 
for bitterns. Two multi- site and multi partner 
projects, fast – tracked improvements at a 
large number of sites with the aid of EU – Life 
funding. The first of these focussed on “Urgent 
conservation action for the bittern in the UK” 
at 13 sites from 1995-1999 (RSPB 1996); the 
second, on “Developing a strategic network of 
SPA reedbeds for Bitterns in the UK” at 19 sites 
from 2002-2006 (RSPB 2001; www.bitterns.
org.uk). Both projects involved large-scale 
wetland restoration and creation. 

Fig. 3.  Frequency distribution of distances (m) of active European Bittern radio-tracking locations 
from the water’s edge. Radio-tracking locations are from eight UK birds from 2 sites during all months 
of the year, (2310 active locations). All were within reedbed (Phragmites australis dominated) habitat 
and the water’s edge may have been an open pool or a linear ditch (from Gilbert et al. 2005).



125

APPLICATION TO AUSTRALASIAN
BITTERN

It is not possible without the necessary research 
to say what factors limit Australasian Bittern 
populations. Comparison to known limitations 
placed on European Bittern may most realistically 
be made with Mediterranean wetlands with 
climate more similar to southeast Australia. These 
warmer European sites have the advantages of 
a much greater potential range of prey species 
and little winter mortality due to cold – weather. 
However, increasing pressure on water resources 
has led to complete loss of and fragmentation 
of wetland habitat, lack of water control, 
decreasing water quality and direct limitations 
on bitterns as to the accessibility of prey species. 
An understanding of timing and success of the 
breeding season in relation to water levels and 
available prey species will be key. 

The most beneficial techniques that could be 
immediately explored are: 

• assess diurnal and seasonal likelihood  
of male vocalisations, with a view to 

 implementing a monitoring protocol  
based on booming behaviour

• map and analyse the habitat   
 composition of booming home ranges

• measure the dimensions of the tibia, 
 “false – knee” and tarsus of any dead or  
 captive adults to assess suitable radio  
 tag fitting

• develop nest finding skills and protocols  
 by initially watching for female activity  
 and possibly cold searching for nests
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An Overview of Australian Government activities to Conserve Migratory 
Shorebirds in the East Asian – Australasian Flyway
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Canberra  ACT  2601, Australia (Email: geoff.larmour@environment.gov.au; jason.ferris@
environment.gov.au)

Abstract: The migratory shorebirds that visit Australia vary widely in physiology and ecological 
requirements and show a variety of migratory strategies. Banding, flagging and tracking studies have 
helped to define the broad corridor used by these species when on migration. This migration corridor, 
the East Asian – Australasian Flyway, provides a useful framework for the engagement of range states 
in the implementation of management policies and programs to promote the sustainable management 
of migratory shorebirds and their habitat. The Australian Government Department of the EnvironmentDepartment of the Environment 
and Water Resources has actively promoted the development and implementation of the has actively promoted the development and implementation of thethe development and implementation of the Asia-
Pacific Migratory Waterbird Conservation Strategy and associated Action Plan for the Conservation 
of Migratory Shorebirds in the East Asian – Australasian Flyway as cooperative frameworks for 
international action. More recently a Bilateral Agreement for the protection of migratory shorebirds 
and their habitat has been concluded with the Republic of Korea, and the East Asian – Australasian 
Flyway Partnership has been launched to continue and expand on the conservation activities initiated 
under the Conservation Strategy and Action Plan. Within Australia, migratory shorebirds are now 
recognised as matters of national environmental significance and subsequently protected under 
the Commonwealth Environment Protection and Biodiversity Conservation Act 1999. A Wildlife 
Conservation Plan for Migratory Shorebirds has been prepared under the Act to provide for the 
research and management actions necessary to support the survival of migratory shorebirds. The 
Plan outlines national activities to support flyway shorebird conservation initiatives and provides a 
strategic framework for the long-term survival of migratory shorebird populations and their habitats.

INTRODUCTION

More than 250,000 shorebirds have been banded in 
Australia in the last 35 or so years, predominantly 
by the Wader Study Groups that are active in 
some states, and by expeditions organised by the 
Australasian Wader Study Group. More than 
125,000 birds have also had coloured leg flags 
attached since this method came into use in 
Australia in 1990. 

These methods continue to give great insights 
into the movements of migratory shorebirds, and 
have assisted in identifying important sites used by 
these birds during migration. More recently satellite 
tracking of birds on migration has also added to our 
knowledge of their migratory behaviour.

Although the migratory shorebirds that 
visit Australia vary widely in physiology and 
ecological requirements and show a variety of 
migratory strategies, there are commonalities 
that allow for a coordinated approach to their 
protection. 

The smallest regular visitor and the most 
numerous is the Red-necked Stint Calidris
ruficollis, with an average weight of around 25g 
and an average length of approximately 13-16cm.
Between their breeding area in the Russian Far 
East and Alaska and non-breeding occurrences 
around mainly coastal sites in Australia, there 
are a large number of banding recoveries along 
the flyway, indicating the smaller birds migratory 
strategy using more frequent staging sites. The

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006
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Fig. 1. Banding recoveries and distribution of Red-necked Stint Calidris ruficollis and Far Eastern
Curlew Numenius madagascariensis (Diagrams prepared by Wetlands International, from Australian 
Bird and Bat Banding Scheme data)
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estimated population of Red-necked Stint in the 
flyway is ~ 325,000 birds (Bamford & Watkins in 
prep.).

The largest migratory shorebird visiting 
Australia is the Far Eastern Curlew Numenius 
madagascariensis. These birds weigh 
approximately 900g and are approximately 
60-66cm long. Their estimated population in 
the flyway is ~38,000 (Bamford & Watkins in 
prep.). There are very few recoveries in the mid 
part of the flyway as the larger birds are able to 
undertake longer flights during migration.

Looking at the core distribution of these 
two species in Fig. 1, and that of other species 
visiting and the places where recoveries have 
been made, it becomes apparent that even 
though there are differing migratory strategies 
being used, these species share a broad corridorspecies share a broad corridor share a broad corridor 
for migration.

The East Asian – Australasian Flyway

The collective migration routes of these birds 
flying between their breeding grounds in the 
northern hemisphere and their non-breeding 
areas in the south are known as the East Asian 
– Australasian Flyway. This is one of eight major 
shorebird flyways recognised around the globe.

The flyway concept provides a useful 
paradigm for the practical implementation of 
management and conservation policies and 
programs, because, inter alia, it makes readily 
apparent the range states that need to be involved 
if shorebird populations and their habitat are to 
be conserved (Boere & Stroud 2006).

Along the flyway there are a range of 
important places that are essential in fulfilling 
the ecological requirements of species that 
undertake migration.  The breeding grounds for 
migratory shorebirds in the northern hemisphere 
include highly productive arctic ecosystems that 
are only available for a short summer period of 
two or three months each year. Because of the 
limited time available, all taxa take advantage of 
the conditions and breed simultaneously – hence 
there is an abundance of food resources for young 
and breeding birds alike.

There are a variety of staging sites through East 
Asia which provide food resources and resting 

and roosting habitat for birds on migration. For 
example, we now know that the coastal habitats 
of the Yellow Sea form one of the most important 
staging areas in the whole flyway. Recent surveys 
have shown that up to 2,000,000 birds use this 
area on northward migration, replenishing 
their food reserves immediately prior to their 
arrival on the breeding grounds. Estimates are 
that approximately1,000,000 birds use this as a 
staging area on southward migration. Further to 
this, it is estimated that greater than 30% of the 
flyway population of 18 species passes through 
this region, and for six of these 18 species, it 
is greater than 90 % of the population (Barter 
2002).

The primary arrival area in Australia is along 
the north-west coast in the Kimberley. The high 
amplitude tidal habitats at Roebuck Bay and 
Eighty-mile Beach are the most important sites 
in Australia for migratory shorebirds. For many 
species arriving via the north-west coast there isarriving via the north-west coast there is 
further dispersal within the continent with birds 
congregating at sites that provide suitable habitat, 
including Fivebough and Tuckerbil Swamps in 
New South Wales, while some continue their 
journey to the southernmost extremities of the 
flyway in Tasmania and New Zealand. 

The East Asian – Australasian Flyway 
encompasses 23 Countries and approximately 
35% of the global human population, with high 
levels of pressure from development. Within 

Fig.2. The East Asian – Australasian Flyway 
(map prepared by Wetlands International)
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the northern breeding areas there are limited 
human impacts because of the low numbers 
of people present and the largely passive land 
uses. In the non-breeding sites at the end of the 
flyway in Australia and New Zealand, pressures 
on shorebirds and their habitat are mitigated 
by institutionalised environmental impact 
assessment (EIA) processes, well managed 
protected areas, and a fair degree of public 
awareness. It is the central part of the flyway 
containing the staging areas that is subject to 
individual and combined pressures resulting 
from very high human population, large and 
increasing economic and industrial development 
resulting in extensive habitat loss, and less 
rigorous EIA processes. 

Given the high level of pressure on migratory 
species within the flyway outside Australia, 
a large part of our efforts are directed toward 
conservation based on international cooperation. 
The Australian Government’s response uses a 
number of formal and informal mechanisms.

Bilateral Migratory Bird Agreements

Australia’s formal engagement with other 
governments in the flyway began with bilateral 
migratory bird agreements with Japan (Agreement 
between the Government of Australia and the 
Government of Japan for the Protection of 
Migratory Birds in Danger of Extinction and their 
Environment) and China (Agreement between the 
Government of Australia and the Government of 
the People’s Republic of China for the Protection 
of Migratory Birds and their Environment) in 
1974 and 1986 respectively. The Japan-Australia 
and China-Australia Migratory Bird Agreements, 
also known as JAMBA and CAMBA, provide for 
cooperation with two of the countries responsible 
for important shorebird habitat in the central part 
of the flyway.

The agreements require the parties to protect 
migratory birds and/or their eggs from take or trade 
(with some limited exceptions), protect and conserve 
habitats, encourage joint research and data sharing, 
encourage the conservation of migratory bird 
habitats, and build cooperative relationships. The 
JAMBA also includes provisions on cooperation 
for conservation of birds in danger of extinction.

In order to fill an obvious gap in this part 
of the flyway, where there are significant 
pressures on shorebird habitat, the 
governments of Australia and the Republic 
of Korea have negotiated the Agreement 
between the Government of Australia and the 
Government of the Republic of Korea on the 
Protection of Migratory Birds (known as the 
Republic of Korea – Australia Migratory Bird 
Agreement or ROKAMBA), which was signed 
on 6 December 2006. It is based on existing 
bilateral agreements between Japan-Australia,Japan-Australia, 
China-Australia, and the Republic of Korea–
Russia, and includes similar undertakings for 
the protection of migratory birds and their 
habitats, but also includes new articles relating 
to regional cooperation and joint awareness 
raising activities.

The Asia-Pacific Migratory Waterbird 
Conservation Strategy

In addition to forging and maintaining 
activities under the aegis of these agreements, 
the Australian Government has over the past 
decade worked more broadly with countries 
and organisations across the flyway through 
the Asia-Pacific Migratory Waterbird 
Conservation Strategy, and its Action Plan for 
the Conservation of Migratory Shorebirds in 
the East Asian – Australasian Flyway. These 
provided a broader framework for cooperative 
action by governments and organisations across 
the flyway to conserve a chain of sites to support 
migration, breeding and non-breeding stages of 
life cycle.

The Asia-Pacific Migratory Waterbird 
Conservation Strategy was initiated under 
JAMBA and began development in 1993, 
coming into effect in 1996. It was implemented 
for two 5-year periods, 1996-2000 and 2001-
2005, with strong support and funding provided 
by the Australian and Japanese governments. 

The Strategy was a cooperative voluntary 
arrangement whose implementation was 
overseen by the Asia-Pacific Migratory Waterbird 
Conservation Committee, an international 
committee with representatives of seven 
governments (Australia, China, India, Indonesia, 
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Japan, Russia and U.S.A.), the Convention on 
Wetlands, the Convention on Migratory Species, 
international NGOs (Wetlands International, 
BirdLife International and World Wide Fund for 
Nature), a representative of the United Nations 
Development Programme/Global Environment 
Facility and chairs of the three technical 
Working Groups (for Anatidae, cranes and 
shorebirds) (Asia-Pacific Migratory Waterbird 
Conservation Committee 2001).

The Strategy was successful in promoting 
international cooperation and raising awareness 
of the need to work together to promote waterbird 
conservation. A wide range of international and 
national activities were undertaken, primarily 
through the implementation of flyway action 
plans for the conservation of shorebirds, cranes 
and Anatidae (ducks, geese and swans), and the 
establishment of networks of sites of international 
importance for these species groups (Asia-Pacific 
Migratory Waterbird Conservation Committee 
2001).

Given that the cranes and Anatidae covered 
by the other action plans do not regularly migrate 
to Australia, the Action Plan for the Conservation 
of Migratory Shorebirds in the East Asian-
Australasian Flyway (Shorebird Working Group 
2001) was of greatest interest to Australia.

The Action Plan was developed to guide a 
regional program of key actions to conserve 
migratory shorebirds. The primary tool for 
implementing the action plan is the East Asian 
– Australasian Shorebird Site Network which 
linked internationally important shorebird sites 
and their managers across the flyway to provide 
for improved management and increased public 
awareness and education activities. The Action 
Plan also recognised the importance of a strong 
scientific base to guide decision making.

The Shorebird Site Network operated as a 
cooperative environmental program, involving 
site management bodies and local communities, 
working for the conservation of wetlands of 
international importance for migratory shorebirds 
(Wetlands International 2003). The site network 
was supported by a Shorebird Flyway Officer 
working with Wetlands International and funded 
by the Australian Government’s Natural Heritage 
Trust.

To be included in the network, site met the 
Ramsar criteria that are specific to waterbirds, as 
represented by shorebirds. The network therefore 
included sites which regularly support more than 
20,000 migratory shorebirds; or, regularly support 
greater than 1 % of the individuals in a population 
of one species or subspecies of migratory 
shorebird; or, support appreciable numbers 
of an endangered or vulnerable population of 
a migratory shorebird. At the end of 2006, the 
Shorebird Site Network included 45 sites in 11 
countries, with 17 of those in Australia.

The East Asian – Australasian Flyway
Partnership

The migratory waterbird conservation work 
into the future will be guided by the East Asian 
– Australasian Flyway Partnership, Building
the Network: the Conservation and Sustainable 
Use of Sites of International Importance to 
Migratory Birds in East-Asia, South East Asia 
and Australasia World Summit on Sustainable 
Development partnership, which was launched 
on 6 November 2006 in Indonesia.

The partnership aims to build on the 
achievements of the Asia-Pacific Migratory 
Waterbird Conservation Strategy 2001-2005
and its associated Action Plans by providing 
a mechanism for governments of the flyway 
to formally engage in network and sustainable 
development activities and building on the site 
network concept. The Partnership includes 
mechanisms for stronger engagement of 
governments and organisations through a formal 
endorsement process. 

In addition, the three species group site 
networks (for Cranes, Anatidae and Shorebirds) 
have been combined into a single Flyway Site 
Network for all migratory waterbirds. This will 
provide a more comprehensive coverage of the 
flyway, should increase the ‘critical mass’ of the 
network, and provide for increased collaboration 
on communication and capacity building activities. 
The combined site network now involves 14 
countries, with 92 sites participating.

The Partnership has been developed with 
strong links to existing formal frameworks, to 
capitalise on and foster engagement from parties 
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already involved in these agreements. The 
Partnership was endorsed as a Regional Initiative 
at the 9th Conference of Parties to the Ramsar
Convention on Wetlands in November 2005. 
Nearly 60% of network sites are listed as Ramsar 
wetlands. The Partnership is consistent with the 
agreements for conservation of migratory species 
required under the Convention on Migratory 
Species of Wild Animals. The Partnership 
complements the work under Australia’s bilateral 
Migratory Bird Agreements JAMBA, CAMBA 
and ROKAMBA and provides the opportunity 
for further collaborative work.

Australia’s context in the flyway

More than 2 million of the estimated 5 million 
migratory shorebirds in the flyway visit Australia 
each year. Of the shorebirds observed in Australia, 36 
species are regular migrants, 22 species are regarded are regular migrants, 22 species are regardedspecies are regarded are regarded 
as vagrants and only occasionally recorded, and 
there are 18 species of shorebirds that are resident.species of shorebirds that are resident. of shorebirds that are resident.

Australia is an important non-breeding area, with 
119 of the 400 known internationally important 
sites for migratory shorebirds in the flyway 
(Bamford & Watkins in prep.). As mentioned 
above, importance is based on the presence of: 
greater than 1% of individuals in the flyway 
population of one species or subspecies; morespecies or subspecies; more or subspecies; more 
than 20,000 shorebirds; or, appreciable numbers 
of an endangered or vulnerable population of a 
migratory shorebird.

Among the important sites are Fivebough and 
Tuckerbil Swamps, which are both internationally 
important because they support greater than 1% 
of the flyway population of the Sharp-tailed 
Sandpiper Calidris acuminata. The 1% threshold 
for this species is 1600, while the maximum 
counts for Fivebough and Tuckerbil are 1844 and 
2253 respectively.

In order to provide for conservation of 
migratory shorebirds in Australia and meet its 
obligations under the international arrangements 
outlined above, the Australian government 

Fig. 3. Internationally important sites for shorebirds in Australia (Bamford & Watkins in prep.)
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takes a range of legislative, program and policy 
initiatives.

The Environment Protection and Biodiversity 
Conservation Act 1999

The Environment Protection and Biodiversity 
Conservation Act 1999 defines the role of the 
Australian Government in environment protection 
and biological conservation. This is achieved 
through Commonwealth leadership on agreed 
matters of national environmental significance, 
while acknowledging the constitutional 
responsibilities of the States and Territories for 
natural resource management. 

The Act recognises migratory species, 
including migratory shorebirds, among a range 
of matters, as a matter of national environmental 
significance. The list of migratory species under 
the Act includes all migratory species which visit 
Australia which are listed under international 
agreements to which Australia is a party (the 
Convention on Migratory Species, JAMBA, 
CAMBA, and ROKAMBA). 

The Act regulates actions that will, or are 
likely to, have a significant impact on matters 
of national environmental significance. For 
migratory species the significant impact criteria 
are as follows: 

An action is likely to have a significant impact 
on a migratory species if there is a real
chance or possibility that it will:

• substantially modify (including 
by fragmenting, altering fire regimes, 
altering nutrient cycles or altering 
hydrological cycles), destroy or isolate an 
area of important habitat for a migratory 
species;

• result in an invasive species 
that is harmful to the migratory species 
becoming established in an area of 
important habitat for the migratory species; 
or

• seriously disrupt the lifecycle 
(breeding, feeding, migration or resting 
behaviour) of an ecologically significant 
proportion of the population of a migratory 
species.

An action includes a project, development, 
undertaking or any activity or series of 
activities. An action that will, or is likely 
to have a significant impact on a matter of 
national environmental significance will be 
subject to a rigorous environmental assessment 
and approval regime under the Act. Actions 
that are taken in contravention of the Act may 
attract civil and criminal penalties.

The Act provides for the community to 
engage in the decision making process by 
commenting on actions that have been referred 
to the Minister, and by bringing actions which 
could be in breach of the Act to the attention 
of the Australian Government Department of 
the Environment and Water Resources. Further 
information is available on the Department’s 
website at http://www.environment.gov.au/
epbc/index.html.

Wildlife Conservation Plan

In addition to the environment protection 
provisions, the Act also provides for the 
development of plans to conserve listed species. 
A Wildlife Conservation Plan for Migratory 
Shorebirds has been prepared under the Act, 
and was made by the Australian Government 
Minister on World Wetlands Day, 2 February 
2006. It is the first Wildlife Conservation 
Plan made under the Act, and was prepared 
in extensive consultation with interested 
stakeholders. Under the Act, the Plan must 
provide for the research and management 
actions necessary to support the survival of 
the migratory species concerned. 

The Plan recognises that there are a range 
of Government agencies, non-Government 
organisations, research groups, industry, community 
groups and volunteers that are contributing to 
these activities in Australia and that the successful 
implementation of the Plan relies on the continued 
involvement of these organisations and people. 

The Plan outlines national activities to support 
flyway shorebird conservation initiatives and 
provides a strategic framework to ensure these 
activities plus future research and management 
actions are integrated and remain focused on 
the long-term survival of migratory shorebird 
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populations and their habitats. The Plan covers 
all 36 species of shorebirds that are regular 
migrants.

The Objectives of the Wildlife Conservation 
Plan for Migratory Shorebirds are to:

1. Increase international cooperation 
for migratory shorebirds and ensure that 
countries of the East Asian - Australasian 
Flyway work together to conserve migratory 
shorebirds and their habitat.

2. Identify, protect and sustainably 
manage a network of important habitat 
for migratory shorebirds across Australia 
to ensure that healthy populations remain 
viable into the future.

3. Increase biological and ecological 
knowledge of migratory shorebirds, their 
populations, habitats and threats in Australia 
to better inform management and support the 
long term survival of these species.

4. Raise awareness of migratory 
shorebirds and the importance of conserving 
them, and increase engagement of decision 
makers and the community in Australia in 
activities to conserve and protect migratory 
shorebirds and their habitat.

Further information is available on the 
Department’s website at http://www.environment.
gov.au/biodiversity/migratory/index.html
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The foraging ecology of wading birds (Ciconiiformes) in rice fields in the 
Murrumbidgee Irrigation area, south-east Australia.
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Abstract: Fourteen species of herons, egrets, bitterns, ibises and spoonbills have been recorded feeding 
in rice fields in the Riverine Plains of New South Wales.  This study examined the ways in which eight 
of these species used rice fields as a feeding habitat.  Most species overlapped considerably in their use 
of different parts of rice fields but there was some ecological segregation.  Glossy Ibis fed more among 
the crop than other species, and the species with longer leg lengths such as the Great Egret fed more in 
the borrow ditches at the edge of fields.  Cattle Egrets, White-faced Herons and Pacific Herons fed in 
supply ditches more than did other species. In most species birds moved into rice fields soon after sowing 
and flooding in October and November and reached maximum densities during December.  Densities 
of all species fell substantially from January onwards.  This may have been caused by decreasing 
prey abundance, increasing water depths and increasing height and density of crops. The densities of 
birds feeding in individual fields varied greatly.  Densities of Pacific Heron, White-faced Heron, Great 
Egret and Intermediate Egret among different fields were significantly correlated.  Densities of Royal 
Spoonbill and Yellow-billed Spoonbill were correlated but neither was correlated with densities of 
herons or egrets.  Densities of the herons and egrets were significantly higher in direct-sown (sod-sown) 
crops than in aerial-sown crops.  This was probably the result of higher prey densities in direct-sown 
crops. Other factors that may have affected the densities of wading birds such as the cropping history of 
individual fields, use of pesticides and landscape features such as the presence of trees that might have 
been used by predators were not investigated.

INTRODUCTION

The Riverine Plains of New South Wales, 
including the Murrumbidgee Irrigation Area, is 
a major breeding area for many of Australia’s 
wading birds. The region supports a high 
diversity, with 14 species of herons, egrets, 
bitterns, ibises and spoonbills.  However, there 
has been a general decline in abundance since 
the 1960s with the loss of wetland habitats for 
breeding and foraging considered to be the 
main contributing factor (Maher 1993; Briggs 
et al. 1994, 1997; Kingsford & Thomas 1995; 
Kingsford 1997; 2000; Kingsford & Johnson 
1998; Kingsford & Auld 2005; Leslie 1995, 
2001).  Large areas of wetlands across the 
Murray-Darling Basin, including the Riverine 
Plains have been lost or degraded by river 

regulation and agricultural activities (Walker 
1985; Maheshwari 1995; MDBMC 1995).  

Although vulnerable to large-scale 
habitat loss and alteration, wading birds are 
nevertheless to some extent adaptable and 
are able to exploit a wide range of modified 
wetland habitats (Kushlan & Hafner 2000).  
This flexibility has extended to the use of 
irrigated rice fields as a feeding habitat in 
many parts of the world (Kushlan & Hafner 
2000).  In some areas such as parts of Spain, 
northern Italy and parts of Asia, egret and 
heron populations seem to be able to survive 
alongside rice growing (Fasola 1986; Fasola 
& Ruiz 1996; Fasola et al. 1996).  However, 
in one rice-growing area, the Camargue in 
southern France, where the foraging habitats of 
wading birds were examined in greater detail, 

Wetlands of the Murrumbidgee River Catchment: Practical Management in an Altered Environment, 2006
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they depended much more on remnant semi-
natural wetlands than on rice fields (Tourenq et 
al. 2001).  Thus the maintenance of a network of 
natural or managed wetlands within the mosaic 
of rice fields was essential to the conservation of 
wading birds populations in the area.

Apart from the work of Richardson et al.
(2001) which examined the diets, prey capture 
rates and prey abundance of egrets in rice fields 
around Leeton, New South Wales, the ecology 
of wading birds in Australian rice fields has been 
little studied. Rice fields form extensive areas 
of wetland habitat in the Riverina region with 
approximately 110,000 ha planted annually and 
potentially could provide useful feeding habitat for 
wading birds.  A detailed understanding is needed 
of the ways in which wading birds use this habitat 
in order to assess the value of the habitat and the 
possibilities for enhancing that value.

This study describes aspects of the spatial 
and temporal use of rice fields within a 15 km 
radius of the southern edge of Fivebough Swamp, 
Leeton, New South Wales.  It compares the extent 
to which different species use different parts of 
rice fields, including the supply and drainage 
channel systems, the rice crops and the edges of 
the rice crops along the toe-furrows.  It compares 
the season patterns of numbers of wading birds 

feeding in these habitats and explores variation in 
densities among different crops.

MeTHODS

Study area

The study area encompassed a radius of 15 km 
around a breeding colony of waterbirds (the Almond 
Road colony) at the southern edge of Fivebough 
Swamp, east of Leeton, New South Wales (Fig. 
1).  The entire area was surveyed regularly during 
the 2003-04 and 2004-05 rice growing seasons 
from late October onwards to locate all rice fields.  
In total, 45 rice fields were found in the 2003-04 
season and 35 in the 2004-05 season.  Most rice 
fields in the area were flooded and sown between 
mid October and mid November.  Individual rice 
fields ranged from 12.4 to 63 ha with a mean area 
of 27.7 ha in the 2003-04 season and 32.1 ha in 
the 2004-05 season.  The total area of rice crop 
surveyed was 1247 ha in 2003-04 and 1125 ha in 
2004-05.

Water depths and crop heights

Water depths in rice crops from November to 
January were assessed by comparison with the 

Fig. 1.  Location of the study area around Fivebough Swamp, southern New South Wales
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leg lengths of wading birds feeding within the 
individual fields during the regular surveys of 
numbers feeding in fields.  Tarsus lengths for each 
species were taken from Marchant & Higgins 
(1990).  During November and December no 
attempt was made to measure water depths 
directly in order not to disturb the birds.  During 
January, water depths were measured directly in 
a sample of 13 fields.  For each field 12 samples 
were taken randomly in the rice crop and 8 

samples at the adjacent crop edge (borrow ditch 
or toe furrow). 

Use of habitats in rice fields

Foraging locations of birds within rice fields 
were quantified from six complete surveys of 
all rice fields in the study area conducted during 
December 2004.  For most species the highest 
numbers were recorded in rice fields during this 

Fig. 2.  Comparison of the use of different habitats within rice crops by eight species of wading birds.  
Data from six surveys of 36 rice crops, December 2004.  Key to species (sample sizes):  IE – Intermediate 
Egret (1223); GE – Great Egret (365); CE – Cattle egret (323); WH – White-faced Heron (473); PH – Pa-
cific Heron (253); Royal Spoonbill (199); YS – Yellow-billed Spoonbill (95); GI – Glossy Ibis (5741)
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period (see below).  The locations of foraging 
birds were classified as “bank” if they were 
feeding on banks between rice bays; “crop edge” 
for feeding along the toe furrow at the edge of 
the rice crop (also referred to as “borrow ditch”, 
from which material was extracted to form the 
banks between bays), “crop” for feeding in the 
main body of the rice crop and “supply ditch” for 
feeding along the water supply channels within 
the field boundaries. The term “rice field” used 
in this study is taken to mean a rice growing unit 
in the landscape that includes all of the above 
components.

Numbers feeding in rice fields

Between mid October and mid March each 
season, complete surveys of all rice fields were 
conducted every three to four days.  Surveys took 
4-5 hours for a single observer to complete and 
most were started between 07.00 hrs and 09.30 
hrs EST and completed between 12.00 and 14.00 

hrs.  All wading birds feeding on each rice field 
were counted.  

ReSUlTS

Habitat use within rice fields

There were significant differences among some 
species in their use of habitats within the rice 
fields (Fig. 2).  However, in all species most 
individuals fed in the crop and along supply 
ditches.  In some species significant numbers 
fed along the crop edge habitat but in all few 
fed on the banks between rice bays.  The only 
exception was Cattle egrets Ardea ibis when 
catching terrestrial prey rather than when feeding 
by wading in water.

 The percentage of birds that feed along the 
crop edges varied from 2 to 29 % among different 
species and the variation was significantly 
correlated with the mean tarsus length for each 
species (r 2 = 0.73, P = 0.007, Fig. 3).  In the 
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Fig. 3.  Correlation between tarsus lengths of eight species of wading birds and the percentage of indi-
viduals of each species feeding in the borrow channels at the crop edge.  Key to species as in Fig. 2.
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smaller species such the Glossy Ibis Plegadis
falcinellus and the Cattle Egret only 2% and 4%, 
respectively, of the birds fed along crop edges 
whereas in the larger species such as the Great 
Egret A. modesta and the Yellow-billed Spoonbill 
Platalea flavipes, 29% and 24% of the birds fed 
along crop edges.  Average water depths in the 
toe furrows along these crop edges were about 4-
6 cm deeper than water depths in adjacent crops 
(Fig. 4) and exceeded the maximum wading 
depths for the smaller species. 

For most species, the percentage of birds 
feeding in the rice crop varied from 30-45% and 
there was no correlation with the birds’ tarsus 
lengths (r = 0.37, P = 0.36). Only one species, the 
Glossy Ibis, differed markedly from the others, 
with 86% of birds feeding in the crop.  For several 
species, including the Great Egret and the Yellow-
billed Spoonbill the percentages feeding in the 
supply ditches were similar to those feeding in 
the crops but for the White-faced heron Egretta 

novaehollandiae, Pacific Heron A. pacifica and 
Cattle Egrets, the percentages feeding in supply 
ditches exceeded those in other habitats.  Water 
depths in individual supply ditches varied greatly 
depending on whether or not water was being 
taken in from the supply canals at a particular 
time and evaporation between times.  There was 
no correlation between the percentages of each 
species feeding in supply ditches and the birds’ 
tarsus lengths (r = 0.12, P = 0.77). 

Seasonal change in numbers feeding in rice 
fields

All species showed marked seasonal changes 
in the numbers feeding in the rice fields (Fig. 
5).  In all species, numbers started to increase 
from the start of November, soon after sowing 
and flooding of the fields.  Some species such 
as the Intermediate Egret and the Glossy Ibis 
were clearly migratory and others such as the 
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Fig. 5.   Seasonal changes in the numbers of seven species of wading birds feeding in rice fields 
within 15 km radius of Fivebough Swamp, Leeton, New South Wales, during the 2004-2005 rice 
growing season.
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Great Egret were partial migrants, and the 
November increase in their numbers in rice 
fields was associated with a general movement 
of these birds into the region. For other species, 
movement patterns were less well understood 
so it is not known if the increases in numbers in 
rice fields represented movements of birds into 
the area or a shift in habitat use of resident birds 
already within the area.  

The numbers of Great Egret, Intermediate
Egret, White-faced Heron and Pacific Heron 
reached a peak about late December or early 
January and fell sharply thereafter.  Glossy 
Ibis, Royal Spoonbills P. regia and Yellow-
billed Spoonbills reached peak numbers earlier, 
about mid December, and also declined rapidly 

afterwards.  The decline in numbers of egrets 
coincided approximately with the early chick 
growth period for most pairs breeding in the 
Almond Road waterbird colony.

Seasonal changes in water depths and 
vegetation heights

During most of November water depths in most 
fields were about 3-8 cm.  This was increased 
during December as the crops grew and in late 
December and early January at the time of 
panicle initiation in the rice plants, depths were 
increased further to 15-20 cm.  Average crop 
heights were 33 cm by mid December and 64 cm 
by mid January.
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Fig. 6.  Variation among individual rice fields in the mean density of Intermediate and Great Egrets dur-
ing December 2003.  Each column is the mean of six separate counts for each field.
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Numbers feeding in individual fields

The numbers and densities of wading birds varied 
greatly from field to field (Fig. 6).  Comparing 
densities only within the rice crop plus the crop 
edge, (not including the supply ditches), in both 
2003 and 2004 there were significant correlations 
among the densities of Intermediate Egret, Great 
Egret, White-faced Heron and Pacific Heron across 
fields (Table 1).  The densities of Royal and Yellow-
billed Spoonbills feeding on different fields were 
significantly correlated with each other (2003, r = 
0.6, P <0.001), but not with the densities of other 
species.  Densities of Glossy Ibis were correlated 
significantly only with those of Great Egret (r = 
0.4, P = 0.02) and Cattle Egret densities were not 
correlated with those of any other species.
  Variations in the densities among crops were found 
to be significantly related to only one measured 
variable, the method of sowing of the crop.  Direct 
-sown (sod-sown) crops supported significantly 
higher densities of Intermediate Egret, Great 

egret, White-faced heron and Pacific heron than 
did aerially-sown crops (Table 2). This accounted 
for some but not all of the observed variations in 
densities among fields.

DISCUSSION

There was some evidence of ecological 
segregation among species in their use of 
microhabitats within rice fields.  Glossy Ibis fed 
almost exclusively within the crops, whereas 
Pacific Herons and White-faced Herons fed more 
along the supply ditches than in other habitats.  
Crop edges were used mostly by Great Egrets, 
Royal Spoonbills and Yellow-billed Spoonbills.  
Cattle Egrets made more use of the bank habitat 
than other species.  However, for most species 
there was extensive overlap in their use of 
habitats.  Some of the differences among species 
can be explained by differences in morphology 
and ecology.  For example, water depths at 
the crop edges, along the toe furrows, were 

December 2003

White-faced Heron Great Egret Intermediate Egret

Pacific Heron 56.56 (0.001) 0.40 (0.01) 0.41 (0.006)

White-faced 
Heron

0.34 (0.03) 0.35 (0.02)

Great Egret 0.35 (0.02)

December 2004

White-faced Heron Great Egret Intermediate Egret

Pacific Heron 6.6 (0.001) 0.78 (0.001) 0.41 (0.01)

White-faced 
Heron

0.55 (0.001) 0.33 (0.05)

Great Egret 0.44 (0.008)

Table 1.  Correlations (r values) of mean densities (number per 10 ha) of egrets and herons feeding on 
individual rice fields.  2003- 45 fields; 2004-36 fields. Significance levels in parenthesis.

WADING BIRDS IN RICE FIELDS
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substantially greater than in the crops, restricting 
the use of the habitat to the species with longer 
leg lengths, such as Great Egret.  Glossy Ibis are 
predominantly tactile feeders, locating food by 
rapid series of shallow probes into vegetation or 
mud (Marchant & Higgins 1990) and it is likely 
that their foraging efficiency was highest among 
the relatively uniform structure of the crops.  The 
relatively short leg lengths of Glossy Ibis may 
also have restricted them to feeding in the crops, 
which had shallower water than other habitats.  
It might be significant that the two spoonbill 
species that are also tactile foragers but that have 
substantially longer legs showed more flexibility 
in their habitat use than Glossy Ibis. The greater 
use of the banks between bays by Cattle Egrets 
probably reflected their ability to feed on insects 
in terrestrial habitats.  In natural wetlands wading 
birds show greater ecological segregation than that 
recorded in rice fields, based on differing habitat 
selection, wading depths, foraging methods and 
prey selection (Ramo & Busto 1993; Piersma & 
Ntiamoa-Baidu. 1995; Smith 1997; Maccarone 
& Brzorad 2005).

The seasonal changes in numbers were 
approximately similar for all species suggesting 

common causes.  Three main changes occurred 
in rice fields as the season progressed, each of 
which could have had a significant adverse effect 
on their suitability as feeding sites for wading 
birds; prey densities declined, water depths 
increased and the crops grew taller and denser.  
The densities of most potential prey species, 
including amphibia and invertebrates declined 
as the crop developed (Richardson et al. 2001).  
For Great and Intermediate Egrets frog tadpoles 
made up 72% of their prey when feeding in 
rice crops and the abundance of tadpoles in two 
sample crops was shown to decline by about 
80% between November and January The rates 
at which the birds caught prey fell from 0.7 
prey items per minute to 0.3 per minute from 
November to January in both species and the 
rates at which they attempted to capture prey also 
fell by equivalent amounts.   

During much of November water depths in 
most crops were below about 5 cm but by early 
January water depths in most had increased 
to above 15 cm, which exceed the maximum 
wading depths of most species (Fig. 7).  There 
was some variation in water depths among 
crops but generally only the largest species with 

December 2003
Species Aerial sown

Mean ± SE
Direct sown
Mean ± SE

F P

Pacific Heron 0.28 ± 0.06 (35) 0.7 ± 0.12 (9) 1,42 = 9.4 0.004
White-faced Heron 0.6 ± 0.1 (35) 1.4 ± 0.2 (9) 1,42 = 11.2 0.002
Intermediate Egret 1.0 ± 0.3 (35) 2.9 ± 1.2 (9) 1,42 = 5.9 0.02
Great Egret 0.2 ± 0.04 (35) 0.7 ± 0.1 (9) 1,42 = 17.7 <0.001

December 2004
Species Aerial sown

Mean ± SE
Direct sown
Mean ± SE

F P

Pacific Heron 0.2 ± 0.04 (30) 0.7 ± 0.3 (4) 1,32 = 13.4 0.001
White-faced heron 0.6 ± 0.1 (30) 1.5 ± 0.9 (4) 1,32 = 4.7 0.04
Intermediate Egret 1.2 ± 0.3 (30) 6.7 ± 1.6 (4) 1,32 = 33.5 < 0.001
Great Egret 0.3 ± 0.05 (30) 1.3 ± 0.4 (4) 1,32 = 25.6 <0.001

Table 2.  Comparison of the densities (number per 10 ha) of herons and egrets feeding in aerial-sown 
and direct-sown rice crops.  Number of rice fields in parenthesis, six counts per field.
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Fig. 7.   Tarsus lengths and maximum wading depths of wading birds in relation to the water depths in 
the rice crops from November to January.  Water depths are shown by the dashed lines. Key to species:  
IE – Intermediate Egret; GE – Great Egret; CE – Cattle egret; LE –Little Egret; WH – White-faced 
Heron; PH – Pacific Heron; Royal Spoonbill; YS – Yellow-billed Spoonbill; GI – Glossy Ibis; WI 
– White Ibis; SI – Straw-necked Ibis.

Fig. 8.  Comparison of the heights of the tops of the heads of wading birds and rice crop heights between 
November and January.  Crop heights shown by dashed lines.  Key to species as shown in Fig. 7.
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greatest maximum wading depths, such as Great 
Egret would have been able to use the crops from 
January onwards.

The growth and development of the crops 
could have affected wading birds in several ways. 

 The increasing density of stems as the crops 
grew would have inhibited feeding by reducing 
the rate at which birds could move through the 
crop and, in the case of visual foragers, would 
also have reduced their ability to detect prey.   
It would also have offered greater obstacles to 
tactile foragers.  By January crop heights were 
above the head heights of all but the tallest 
species, which would have inhibited their ability 
to scan for predators (Fig. 8).  

The densities of Pacific Heron, White-faced 
Heron, Great Egret and Intermediate Egret 
feeding on individual rice fields were significantly 
correlated, suggesting that to some extent they 
showed a similar selection for individual crops.  
Only one variable, the crop sowing method, 
was found to influence the density of these 
species; direct-sown (sod-sown) crops supported 
significantly higher densities than aerially-
sown crops.  Diets were not assessed for Pacific 
Heron or White-faced Herons, but Great and 
Intermediate Egrets caught mainly frog tadpoles 
when feeding in rice fields.  Tadpoles were 
significantly more abundant in direct-sown crops 
than in aerially-sown crops (Taylor & Schultz, 
in prep).  Direct-sown crops are sown into the 
stubble of the previous years’ rice crop or into 
pasture and presumably were more attractive as 
spawning sites for frogs because of the vegetation 
that existed within them at sowing. There would 
also have been a greater biomass of vegetation 
as food for developing tadpoles.  The structure 
of direct sown crops, with rice plants arranged 
in rows may also have made movement through 
them easier for wading birds and prey detection 
may have been easier. 

The densities of Royal and Yellow-billed 
Spoonbills on individual fields were correlated 
with each other but not with the densities of 
other wading birds.  They did not select for 
direct-sown crops.  This suggests that there 
were other environmental factors not quantified 
in this study that varied among rice fields 
and that caused variations in the densities of 

wading birds.  These may have included the 
previous cultivation history of individual fields, 
including the number of years of rice cropping 
in succession, the nature and extent of the use of 
pesticides and variation in soil quality.  Cropping 
practices and the use of pesticides have been 
shown to affect invertebrate populations and the 
densities of waterbirds in rice fields in southern 
France (Suhling et al. 2000; Tourenq et al. 2003).  
Landscape features such as the presence of 
woodland close to rice fields have been shown to 
reduce their attractiveness to Greater Flamingos
(Phoenicopterus ruber roseus) in southern France 
(Tourenq et al. 2001).  Presumably, the presence 
of woodland was associated with an increased 
perception of predation risk. This is unlikely to 
have been important in the present study area as 
the landscape was open and the great majority of 
fields had no woodland close by.  However, it is 
not known if isolated trees or bushes might have 
a similar effect. 

Could rice fields be managed differently to 
increase their value as waterbird habitat?

Modifications of farming practices to enhance 
the biodiversity conservation potential of 
agricultural land have often been suggested and 
put into practice in Europe and North America 
(Elphick & Oring 1998; Aebischer et al. 2000), 
but to date have rarely occurred in Australia.  The 
extent of natural wetlands in eastern Australia 
will almost certainly diminish over the coming 
century with decreases in annual rainfall and 
increases in evaporation rates predicted as a 
consequence of global warming (IPCC 2001; 
Hughes 2003).  It will become increasingly 
important for waterbirds to be able to use other 
forms of wetland, including agricultural crops 
such as rice.  Management practices that increase 
the densities waterbirds on crops yet at the same 
time do not result in significant reductions in 
productivity should be considered.

Greater use of direct-sown (sod-sown) 
crops would increase the densities of egrets and 
herons.  The response of these species was a 
result of increased densities of their main prey in 
rice fields, frog tadpoles, and an increased use of 
direct-sowing would also help conserve several 
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species of frogs. Direct sowing associated with 
organic production has the potential to increase 
the commercial value of crops.

Small structural changes to rice fields could 
also be beneficial.  Most species were unable to 
use the edges of rice fields, along the toe furrows 
(borrow ditches) because water depths were too 
great.   The soil from borrow ditches was used to 
form the banks between bays. The same amount 
of material could be removed if the ditches were 
made slightly wider and shallower, or with a 
shallower ledge alongside the crop. This would 
enable a greater range of species to feed along 
crop edges and probably also result in higher 
densities of birds. 

The main negative aspect of rice fields for all 
species is the seasonal increase in water depths at 
about the end of December, which results in most 
species being unable to continue feeding in the 
crops.  This is done to enhance panicle initiation 
by minimising the risks of low temperatures 
around the plants and significantly enhances 
yields (McDonald 1979; Reinke 1991).  Water 
depths are raised to 15-20 cm, which exceeds 
the maximum wading depths for most species 
and is probably also above the preferred wading 
depths for all species. Depths would have to be 
maintained at about 12 cm during January for 
most species to be able to continue using rice 
crops.  This could only be done by developing 
more cold resistant varieties of rice that depend 
less on the temperature buffering of high water 
levels and/or developing shorter stemmed 
varieties.  This would be consistent with an 
increasing need to reduce water use in the rice 
industry.  Reducing plant height might also be 
important independently as the heights of current 
heights exceed the maximum body heights of 
most species, which may also deter birds from 
feeding among the crop as it develops. 
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Managing visitor disturbance of waterbirds on Australian inland wetlands

IAIN R.TAYLOR
Institute of Land, Water and Society, Charles Sturt University, PO Box 789, Albury, New South 
Wales 2640, Australia (Email: itaylor@csu.edu.au)

Abstract: Predictions of the effects of global climate change suggest a progressive reduction in 
annual rainfall over south eastern Australia.  This will result in a decrease in the extent of wetlands 
and emphasises the need to maximise the carrying capacity of remaining wetlands for waterbirds.  One 
factor that could reduce carrying capacity and that should be managed carefully is disturbance caused 
by humans.  In this study, the responses of 23 species of waterbirds to the presence of a single human 
observer walking directly towards them were quantified on Fivebough Swamp, New South Wales.  The 
distances at which different species stopped feeding (alert distance) and took flight (flight initiation 
distance), and the distances to which they flew before re-alighting were all significantly, positively 
correlated with body mass.  These data were used to calculated buffer distances between birds and 
humans to minimise the effects on waterbirds of visitors to wetlands.

INTRODUCTION

Significant reductions in annual rainfall are 
predicted across eastern Australia over the 
coming 50 years as a result of global warming 
(IPCC 2001, Hughes 2003) and it is likely that 
the extent of inland wetlands will be greatly 
reduced.   It will become increasingly important 
to ensure that existing wetlands support the 
maximum numbers of waterbirds possible.  This 
will mean that factors that might reduce the 
carrying capacity of wetlands for waterbirds 
must be managed appropriately.  The number of 
people participating in nature-based recreation 
and ecotourism continues to increase globally 
and wetlands are particularly attractive to 
visitors, creating a potential conflict between the 
disturbance caused and conservation objectives.  
On many wetlands the frequency of disturbances 
caused by human activities and especially by 
recreation-based activities greatly exceeds those 
caused by natural factors such as the presence 
of predators (Schummer and Eddlemam 2003). 
Management of visitors or of wildlife viewing 
facilities is needed to minimise disturbance to 
acceptable levels. 
   Disturbance of waterbirds has the potential 
to reduce breeding success and the food intake 

rates of feeding birds (Werschkul et al. 1976, 
Boellstorff et al. 1988. Carney and Sydeman 
1999).  The latter may be particularly important 
for migratory species that have to accumulate 
reserves before migration (Madsen 1995) and 
presumably also for species that depend on 
temporary wetlands in Australia and may have 
to be highly mobile following the drying of 
wetlands.  Their success in finding suitable 
alternative habitat may depend on their body 
condition and their ability to survive on low 
food intake rates until an alternative is found. 
If disturbance is great enough it can also lead to 
some species abandoning areas or reducing their 
use of those areas (Pfister et al. 1992, Burger et
al. 1995).  In this way it can be equivalent to loss 
of habitat.  This may be particularly serious on 
small wetlands.
   In some instances some individuals are able 
to habituate to less intrusive types of human 
disturbance but this can only occur if there is 
predictability in the form of the disturbance 
and if the same individual birds are consistently 
involved at the same site (Davidson and Rothwell
1993, Smit and Visser 1993, Nisbet 2000).  
   Two main approaches have been used to reduce 
disturbance of waterbirds by visitors to wetlands.  
Restricting observation points to hides or blinds, 
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with concealed access routes is probably the most 
commonly used method, but in some situations 
buffer zones, which limit access to specified 
distances from waterbirds have been proposed 
(Werschkul et al. 1976, Erwin 1989, Rodgers 
and Smith 1995).  Buffer zones are usually set 
at distances at which birds show either no alert 
responses, such as stopping feeding, or no flight 
responses.  Flight responses tend to be species 
specific and buffer zones must also be species 
specific.  However, there are few situations in 
which only single species is present and buffer 
zones must be set to the most sensitive species.
   Some information on the flight responses of 
a range of Australian birds has been published 
(Blumstein et al. 2003, Blumstein 2006) but 
there has been no comprehensive assessment 
of the responses to human disturbance of the 
range of waterbirds most commonly encountered 
on Australian inland wetlands.  The aim of this 
study was to quantify the distances at which a 
range of foraging waterbirds showed alert (stop 
feeding) and flight behaviour (flight initiation 
distances, FID) in response to a single human 
observer approaching directly towards them, 
in the manner of bird watchers.  The distances 
to which birds flew before resettling were also 
quantified.

METHODS

The study was done at Fivebough Swamp, 
Leeton, New South Wales (34º 32´S, 146º 25´E) 
in 1998-2000.  Fivebough Swamp (400 ha) is a 
mostly a temporary wetland with limited areas 
of permanent water. The vegetation consists of 
areas of cumbungi (Typha spp.), rushes (mainly 
Eleocharis spp. and Bolboschoenus spp.), water 
couch grass (Paspalum distichum), interspersed 
among extensive areas of non-vegetated open 
water.  The wetland is a Ramsar site and attracts 
a high diversity and density of breeding and non-
breeding waterbirds.
Human disturbance was simulated by the 
observer walking directly towards feeding or 
resting birds or at a pace of about 2-3 km/hour.  
Because of the shortage of tall vegetation on 
the swamp the observer was fully visible to the 

birds for many minutes before starting to walk 
towards them.  Only birds or groups of birds 
that showed no signs of being disturbed by the 
observer as the observer started to walk towards 
them were selected for study. The distances from 
the observer at which they stopped feeding and at 
which they took flight were recorded.  A grid of 
posts across placed across the swamp and lines of 
fence posts were used to assess distances.  Birds 
were followed through binoculars until they 
landed and the positions were recorded directly 
onto maps of the swamp. Once a disturbance 
had been made at one place in the swamp the 
observer moved to a new area where the birds 
were undisturbed.  Observations were spread 
over 2.5 years to avoid the possibility altering the 
birds’ behaviour, especially through habituation. 
   The responses of the birds were related to 
body mass for each species.  For most species 
included in the study males were slightly larger 
than females.  However, the sexes could not be 
separated during field observations and mean 
mass of males and females were used.  Data 
on body mass were taken from Marchant and 
Higgins (1990, 1993) and Higgins and Davies 
(1996). 

RESULTS

The responses of 23 species were quantified, 
representing most of the major taxonomic groups 
of waterbirds, Anatidae (swans and ducks) 
Ardeidae (herons and egrets), Threskiornithidae 
(ibises and spoonbills), Rallidae (crakes, rails 
and gallinules), Scolopacidae (sandpipers), 
Recurvirostridae (Stilts and avocets) and 
Charadriidae (plovers and dotterels). 
   Three responses assessed for each species, 
the mean distances at which birds stopped 
feeding and became alert (alert distance), the 
mean distances at which they took flight (flight 
initiation distance), and the distances to which 
they flew before re-alighting (displacement 
distance). Comparing species, all responses were 
significantly, positively correlated with log mean 
body mass (Fig. 1;  alert distance: r = 0.57, P = 
0.005, n = 23; flight initiation distance: r = 0.53, 
P = 0.009, n = 23; displacement distance: r = 
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Fig. 1.  Relationships between alert distances, flight initiation distances and displacement distances and 
log body mass among 23 species of waterbirds at Fivebough Swamp, following disturbance by a single 
observer walking directly towards the birds.  Key to species (sample sizes): 1 – Red-capped Plover (18), 
2 - Red-kneed Dotterel (22), 3 - Sharp-tailed Sandpiper (30), 4 - Marsh Sandpiper (35), 5 - Greenshank 
(17), 6 - Black-winged Stilt (42), 7 - Red-necked Avocet (20), 8 – Dusky Moorhen (10), 9 – Purple 
Swamphen (10), 10 – Intermediate Egret (27), 11 – White-faced Heron (19), 12- Pacific Heron (28), 13 
- Great Egret (31), 14 - Straw-necked Ibis (15), 15 - Royal Spoonbill (25), 16 - Yellow-billed Spoonbill 
(24), 17 - White Ibis (20), 18 – Glossy Ibis (35), 19 – Grey Teal (72), 20 - Chestnut Teal (20), 21 - Black 
Duck (28), 22 - Australian Shelduck (20), 23 - Black Swan (90).
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0.70, P < 0.001, n = 23)  Heavier species stopped 
feeding sooner, flew off sooner and flew farther 
before re-alighting than did smaller species.  
The differences among species were substantial.  
The smallest species, which mostly included the 
sandpipers, plovers and dotterels had mean flight 
initiation distances of less than 35 m and mean 
displacement distances of less than 75 m, whereas 
the largest species such as the black swan and the 
Australian shelduck had flight initiation distances 
in excess of 150 m and displacement distances of 
more than 650 m. The fit with body mass occurred 
across all taxonomic groups, suggesting a common 
explanation, at least in part.  However, as a group, 
the swans and ducks tended to be slightly more 
sensitive than predicted by body mass alone.  A 
few individual species, such as the Glossy Ibis 
and Marsh Sandpiper had mean alert and flight 
initiation distances above those predicted.  

  Average alert distances were almost perfectly 
correlated with flight initiation distances across 
species (r = 0.98, P < 0.001).  This arose because 
the differences between flight initiation distances 
and alert distances were relatively small 
and, although variable among species, were 
independent of body size.  Alert distances were 
good indicators of subsequent flight.  The latter 
generally occurred if the observer continued to 
approach birds for a few metres beyond the alert 
distance.
   Displacement distances of some species 
were very large.  This was especially so for the 
wildfowl. For example, the mean displacement 
distance of Australian Shelduck was 655 m, with 
some individuals flying as far as 2,000 m before 
re-alighting.  This was not obviously related to 
the distribution of resources over the swamp.  
Most of the swamp consisted of relatively 

Table 1.   Suggested buffer zones for waterbirds at Fivebough Swamp.  These are the distances between the 
birds and a single human intruder that elicited alert and flight initiation distances (FID) in less than 5% of 
the birds sampled. These distance left 95% of individuals undisturbed.  Also shown are the distances within 
which 95% of individuals flew following disturbance before alighting again (displacement distances).

VISITOR DISTURBANCE OF WATERBIRDS

Species Alert
distance (m)

Flight initiation 
distance (m)

Displacement
distance (m)

Sample
size

Black swan 205 159 684 90
Australian shelduck 290 270 1910 35
Pacific black duck 250 205 1295 28
Grey teal 335 330 1030 72
Chestnut teal 275 260 1145 20
Pacific heron 140 170 955 26
White-faced heron 260 215 365 25
Great egret 170 155 225 31
Intermediate egret 220 210 260 27
Glossy ibis 205 195 2200 35
Straw-necked ibis 160 135 1250 15
White ibis 150 130 710 20
Royal spoonbill 75 70 1200 25
Yellow-billed spoonbill 85 80 1850 24
Greenshank 95 75 190 17
Marsh sandpiper 140 105 300 20
Sharp-tailed sandpiper 60 55 105 30
Black-winged stilt 105 80 310 42
Red-necked avocet 120 110 618 20
Red-capped plover 50 45 95 18
Red-kneed dotterel 45 40 90 22
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uniform areas of short vegetation less than about 
20 cm in height interspersed among open areas 
with no emergent vegetation. Water depths were 
relatively uniform and mostly less than 15 cm.  
Also, the observations were made in all areas 
of the swamp and displacement distances were 
independent of locations where observations 
were made.  
   Buffer zones for each species were calculated 
from the data as the distances at which 95% 
of individuals did not respond, either by 
becoming alert or by taking flight.  Thus 
at these distances only 5% of individuals 
responded (Table 1).  This represents a 
slight compromise but extending the buffer 
zone calculations to avoid disturbance to all 
individuals would have increased the size of 
the zones considerably.  Similar calculations 
were also made for displacement distances by 

excluding the distances flown by the extreme 
5% of individuals.
For the most sensitive species, the swans, ducks 
and glossy ibis, buffer zones to ensure that 95% 
of birds remained undisturbed were 300-350 m.  
For the smallest species, sandpipers and plovers, 
this was about 50 m.  

DISCUSSION

At the time of the study Fivebough Swamp was 
little visited by people and most activity was 
restricted to its southeastern edge.  It is unlikely 
the birds had habituated to human presence and 
the results presented here probably represent 
the responses of truly wild, non habituated 
populations.  Response distances presented here 
may therefore represent the maximum values for 
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Fig. 2.  Relationship between mean flight initiation distances and mean alert distances among 23 species 
of waterbirds at Fivebough Swamp, in response to a single observer walking directly towards the birds.
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each species for this type of wetland.  However, 
the values refer only to disturbance caused by a 
single observer and it is possible that responses 
to larger groups and noisier groups may be 
different.  The responses were also to a human 
observer walking directly towards the birds and, 
although it has not been quantified in this or any 
other study, direct approaches are likely to elicit 
greater response distances than approaches that 
are more tangential.
   For some highly mobile species that may have 
moved in and out of the swamp, response distances 
may also have been influenced to some extent 
by events away from the wetland.  In a North 
American study most resident waterbird species 
were shown to be less sensitive to disturbance 
than migrant species and migrant ducks were 
most sensitive during the first two months or 
so after arrival (Klein et al.1995).  Response 
distances for some species, especially wildfowl, 
have been shown to be greater in areas where they 
have been subject to hunting or scaring (Meltofte
1986).  Although sport hunting is banned in New 
South Wales, it is legal in Victoria and there may 
be interstate movement of birds.   Also, scaring 
of wildfowl from rice crops is widespread within 
the rice growing areas of New South Wales.  
   Body size was shown to be a good predictor 
of response distances.  This relationship allows a 
degree of extrapolation to species not included in 
the present study.  However, some care has to be 
taken when doing this as some species were more 
sensitive than indicated by body mass alone.  
For example, Glossy Ibis responded at greater 
distances than predicted.  The reason for this 
is unknown but they may be similar to migrant 
wildfowl discussed above, which were more 
sensitive in the period immediately after arrival 
in non-breeding areas.  The Glossy Ibis is a highly 
mobile, migratory species within Australia and 
New Guinea (Marchant and Higgins 1990) and 
throughout most of its global range (Matheu and 
del Hoyo 1992, Schogolev 1996). At Fivebough 
Swamp the birds are present only for about two 
to three months each year, a shorter period than 
for most species (Taylor and Schultz unpubl.).  
It is possible that a period of time is needed for 
species to become familiar with their surroundings 
and that until then response distances to human 

disturbance remain high.  However, Glossy Ibis 
are also regularly scared from rice crops by 
some growers and instances of growers shooting 
Glossy Ibis have been recorded.  The sensitivity 
of Glossy Ibis to human presence may be a result 
of this persecution.
    Clearly, visitors want to see as wide a range 
of species as possible under optimal conditions 
and restrictions that prevent them achieving this 
will generally be undesirable and may even be 
counterproductive.  Where financial resources 
are available to construct hides and concealed 
approaches, access can be provided to areas of 
high bird density without causing disturbance.  
Difficulties arise when this approach cannot be 
used and they are likely to be most severe on 
open wetlands that have limited areas of dense 
vegetation to obscure the movement of visitors.  
In these situations significant disturbance is likely 
to occur and the use of buffer zones or exclusion 
zones to manage disturbance is appropriate.  The 
main question is where should visitor access be 
provided or permitted and how should buffer 
zones be applied so that disturbance can be 
reduced to acceptable levels.  To answer this 
fully an understanding is first needed of the 
normal, undisturbed distribution of waterbirds 
over an individual wetland, the habitats used and 
preferred by each species on the wetland and the 
distribution of all habitats or resources that could 
be used by each species.  Where there are major 
identifiable areas with concentrations of feeding 
or resting birds, minimum distances equivalent to 
at least the extent of the buffer zones suggested 
here should be maintained between these areas 
and visitors.   Because larger species respond 
at greater distances, the buffer zones employed 
should be those for the largest species at the 
site.  The species composition and distribution of 
birds on the wetland may change seasonally, or 
more irregularly, and this should also be taken 
into account if permanent access facilities such 
as walking trails are used.  
  The need to maintain buffer zones is likely to 
be most critical on small wetlands and on those 
that are too small to accommodate appropriate 
buffer zones, access may either be discouraged 
or permitted only at observation hides.  The 
displacement distances following disturbance 
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shown for many species in the present study 
were in excess of 1000 m.  It is not known how 
fixed such distances are but if they are relatively 
inflexible it is possible that once disturbed 
on a small wetland some species may leave 
the wetland altogether.  Repeated disturbance 
probably would result in such species abandoning 
the wetland.  A good example of the effects of such 
access was provided by a study of a small wetland 
in southern New South Wales.  The wetland of 15 
ha was part of a system of seven shallow lagoons.  
A trail allowed visitors to walk along a section 
of its edge and along sections of the edges of 
the other lagoons.  Following single disturbance 
events most Grey Teal abandoned about 40% of 
the lagoon area closest to the trail and had made 
no significant return to their original feeding areas 
by three hours later (Suesse & Taylor, in prep.).  
A few Grey Teal did not alter their behaviour 
significantly in relation to the disturbance and had 
probably become habituated.  The extent to which 
different species and different individuals within 
species may habituate to disturbance has not been 
tested.  However, at the same wetland system 
Australian Shelduck showed no evidence of long 
term habituation to repeated regular disturbance.  
After six years of operation of the walking trail 
with visitors almost every day, shelduck did not 
alter their distribution and occurred on only one 
lagoon, which was the only one in the system 
where a separation distance of at least 200 m 
could be achieved between the birds and visitors.  
Suitable habitat for the species occurred on most 
of the other lagoons and the birds were probably 
prevented from using them by the human 
disturbance at the site (Taylor unpubl.).
   An alternative or additional approach to minimise 
disturbance could be directed towards the 
requirements of bird watchers, who are probably 
the main group of visitors who may be inclined to 
approach birds closely.  A code of conduct may be 
suggested by which bird watchers do not approach 
into the flight initiation distances for waterbirds 
when visiting wetlands.  Alert distances were 
closely correlated with flight initiation distances 
and can be used as an accurate predictor of the 
likelihood of a bird taking flight.  Bird watchers 
simply have to be sensitive to the behaviour of the 
birds and not approach closer, or preferably retreat 

a little, once a bird has shown the first sign of alert 
behaviour.
   The need to avoid disturbance will be greatest 
when the birds have to conserve energy, such as 
during drought conditions, or when migratory 
species are accumulating reserves before 
migration.  
   The results presented here relate only to feeding 
and resting birds.  The responses of nesting birds 
were not assessed and published information 
for Australian species is not available.  Some 
instances of the reactions of colonially nesting 
wading birds to humans entering colonies have 
been reported for North America.  Some have 
reported significant losses of eggs or young 
chicks resulting from uncontrolled access by bird 
watchers, whereas other have reported no effects 
from controlled visits by researchers (Nisbet 
2000).
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Abstract:  Fivebough and Tuckerbil Swamps support an exceptionally high diversity and abundance of 
waterbirds including seven species listed as threatened within New South Wales, five species exceeding 
1% of their total global population and 24 listed under the Japan-Australia Migratory Bird Agreement 
(JAMBA) and/or the China-Australia Migratory Bird Agreement (CAMBA).  The swamps are Crown 
Land administered by the New South Wales State Department of Lands (formerly Dept. of Land and Water 
Conservation). Since 2000 management of the swamps has been the responsibility of the Fivebough and 
Tuckerbil Wetlands Trust, a non-profit making community organisation with members from Friends of 
Fivebough, the Murrumbidgee Field Naturalists, the local Wiradjuri community, Leeton Shire Council, 
Murrumbidgee Irrigation, Charles Sturt University and Australian and NSW Government agencies.  
The Trust successfully nominated the swamps for Ramsar listing in 2002, produced a management plan, 
and raised funding for, and implemented, management actions.  The main management approaches 
have included zoning of Fivebough Swamp and the use of a variety of controlled grazing regimes with 
some areas ungrazed, to create a diversity of wetland habitats.  Facilities, including walking trails, 
observation points and interpretive material have been provided for visitors.  Management has resulted 
in a significant increase in the abundance of many species, including several nationally rare species.   
Community-based management has also enhanced local public perceptions of the conservation and 
economic values of the wetlands.

INTRODUCTION

Fivebough Swamp (400 ha) and Tuckerbil Swamp 
(290 ha) are located within the Murrumbidgee 
River catchment in southern New South Wales, 
south-eastern Australia, adjacent to the town of 
Leeton (Figs. 1, 2; 34º 32´ S; 146º 25´ E).  They 
are temporary floodplain wetlands, less than 10 
km apart, which fill during winter and spring, 
and dry during summer when evaporation rates 
greatly exceed rainfall. Their natural vegetation 
was destroyed by a number of anthropogenic 
factors during the early to mid 20th century. 
Further degradation, mainly from overgrazing 
and altered hydrology, continued throughout 
the century. The swamps are set in an area of 
intensive agriculture, much of it irrigated, where 

most wetlands have either been lost or severely 
degraded.  The significance of the swamps for 
waterbirds was first recognised scientifically 
by Keith Collingwood McKeown (1892-1952), 
a naturalist who was employed by the Water 
Commission, based in Leeton between 1915 and 
1922.  In a report to the Commissioners of the 
Waters Conservation and Irrigation Commission
of New South Wales in 1922 he recommended that 
Fivebough, Tuckerbil and Barren Box Swamps 
be established as reserves.  Discussing Little 
Mirrool Creek he stated that “This is a fairly well 
timbered creek and it should be kept so.  No tree 
should be allowed to be felled under any pretext 
whatever”. Of Mirrool Creek, he wrote “All 
these water-courses with timber upon either bank 
should be gazetted at once.  This is a splendid 
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means of keeping the birds on the whole length 
of both creeks and of distributing them throughout 
the area”.  McKeown may have been the first to 
recognise the conservation importance of what 
is now termed “habitat connectivity” or “wildlife 
corridors” in modern ecology.  It is a great pity that 
his wisdom and advice went largely unheeded and 
that his ecological perceptiveness came at a time 
when neither science nor society were ready for 
it.  During the1990s the national and international 
significance of Fivebough and Tuckerbil Swamps 
for waterbirds became apparent through the efforts 
of local amateur ornithologists (Glazebrook and 
Taylor 1998).  Management of the wetlands to 
maintain and enhance their conservation value for 
waterbirds began in 1997, when grazing leases on 
the swamps were terminated.  The swamps are 
Crown Land and are administered by the New South 
Wales State Department of Lands (formerly Dept. 
of Land and Water Conservation).  In 2000 a new 
approach to management was adopted involving 
the formation of the Fivebough and Tuckerbil 
Wetlands Trust, a non profit-making community 
body whose membership includes representatives 
from Friends of Fivebough, the Murrumbidgee 
Field Naturalists, the local Wiradjuri community, 
Leeton Shire Council, Murrumbidgee Irrigation, 
Charles Sturt University and Australian and 
NSW Government agencies. Through the efforts 
of the Trust, Fivebough and Tuckerbil Swamps 
were successfully nominated as a Ramsar site in 
2002 (Schultz 2004).  This paper describes the 
history and conservation values of Fivebough 
and Tuckerbil Swamps and current management 
strategies to enhance their conservation value. 

History of the swamps
Fivebough and Tuckerbil Swamps are shallow 
natural depressions formed when the region 
was under a much drier climatic regime through 
the action of wind which removed soft sandy 
substrata, which was then deposited as raised 
lunettes to the east of the depressions.   The 
history of the swamps is one of long-term human 
interference, both directly and indirectly, which 
until recent times resulted in severe degradation 
of the natural vegetation.  Prior to European 
settlement and clearing of land for agricultural 
purposes during the 19th century, Fivebough 

and Tuckerbil Swamps were were dominated 
by Blackbox Eucalyptus largiflorens – Lignum 
Muehlenbeckia cunninghamii vegetation.  During 
the 1930s Fivebough Swamp filled with water 
for a prolonged period, following the rupture of 
a drainage pipe on adjacent agricultural land, and 
this changed the vegetation profoundly.  Most of 
the Blackbox trees died and were subsequently 
removed by woodcutters.  The remainder, along 
with the Lignum, were killed by a fire that swept 
through the swamp in the 1940s.  Following this, 
the swamp became extensively covered with a 
thick growth of Cumbungi Typha spp.  The swamp 
was subsequently used for livestock grazing, 
which reduced the extent of the cumbungi and 
other emergent plants but further degraded the 
wetland habitat. By the 1980s, excessive year-
round grazing, together with drought, resulted in 
severe disruption of the substrata of the swamp 
and the loss of vegetation in the central part of 
the swamp, which became open mud flats.  The 
micro-relief of Fivebough Swamp, especially 
in the eastern areas, is diversified by numerous 
gligai, an aboriginal word for small waterhole.  
Gilgai are small depression and mound formations 
that occur where thick subsoils of clay shrink 
and swell in response to cycles of wetting and 
drying (Glazebrook and Taylor 1998, Taylor and 
Richardson 2000).  
    Tuckerbil Swamp has a higher salinity than 
Fivebough Swamp arising from high water tables 
as a result of the surrounding irrigated agriculture.  
The orginal blackbox tree cover was killed off 
by a combination of salinity and deliberate ring-
barking. As with Fivebough, Tuckerbil Swamp 
was used for livestock grazing for at least 50 years 
prior to the 1990s.
   The area is characterised by hot summers and 
cool winters with the highest mean monthly 
maximum temperature of 32ºC in January and 
the lowest mean monthly maximum of 14ºC in 
July. Mean annual rainfall is 433 mm and rainfall 
occurs throughout the year with winter and spring 
totals being slightly higher than summer and 
autumn totals. During the warmer half of the year 
(October to March), total evaporation is 1547 mm 
and exceeds rainfall by a ratio of 9.7 to 1, whereas 
from April to September evaporation is only 490 
mm, exceeding rainfall by 1.3 to 1. 
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   As a result of these seasonal variations in 
rainfall and evaporation rates the swamps are 
temporary, filling during winter and early spring 
and drying during summer.  The alternating 
cycles of flooding and drying are typical of many 
floodplain wetlands in Australia and are important 
in maintaining their high productivity (Baldwin 
1996, Mitchell and Baldwin 1998, McComb and 
Qui 1998).

Conservation values
Despite the severe habitat degradation that 
occurred over a prolonged time, Fivebough 
and Tuckerbil Swamps are internationally 
important sites for waterbirds (Glazebrook 
and Taylor 1998, FTWMT. 2002).  The habitat 
changes during most of the 20th century involved 
a loss of tree and shrub cover and an increase 
the extent of short vegetation and open areas.  
Consequently, waterbirds that prefer more open 
habitats benefited.  Management since 1997 has 
increased the extent of denser and taller wetland 
plant communities to re-establish habitat for more 

cryptic waterbirds (Fig. 2).  With the widespread 
loss of wetlands throughout the Murray-Darling 
Basin, especially in the latter half of the 20th

century (Kingsford 2000, Kingsford and Thomas 
1995) the importance of Fivebough and Tuckerbil 
Swamps has increased.   Of 360 wetlands surveyed 
during the Royal Australian Ornithologists 
Union Murray-Darling Basin Waterbird Project 
in the early 1990s, Fivebough Swamp recorded 
the highest number of waterbird species and it 
ranked second within the Murray-Darling Basin 
for the maximum number of species recorded 
in a single survey.  Tuckerbil Swamp recorded 
the second highest number of waterbird species 
and ranked seventh for the maximum number of 
species recorded in a single survey (Hutchison 
1995).  
   Eighty-six waterbird species have been recorded 
at Fivebough Swamp and 70 at Tuckerbil Swamp 
(Table 1), of which twenty-four are listed under 
the Japan-Australia Migratory Bird Agreement 
(JAMBA) and/or the China-Australia Migratory 
Bird Agreement (CAMBA).  By both agreements 

Fig. 1.  Location of Fivebough and Tuckerbil Swamps, southern New South Wales. The town of Leeton 
is at the bottom centre of the map
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Australia is required to protect the habitat of 
these species.
   Seven species listed under the New South 
Wales threatened species legislation have been 
recorded at Fivebough Swamp; Australasian 
Bittern Botaurus poiciloptilus, Magpie Goose 
Anseranas semipalmata, Freckled Duck 
Stictonetta naevosa, Blue-billed Duck Oxyura
australis, Brolga Grus rubicunda, Painted
Snipe Rostratula benghalensis and Black-tailed 
Godwit Limosa limosa and four species have 
been recorded at Tuckerbil Swamp; Australasian 
Bittern, Freckled Duck, Brolga and Painted 
Snipe (Table 1).  The Painted Snipe is nationally 
threatened  and the Australasian Bittern is also 
recognised as ‘vulnerable’ globally by the World 
Conservation Union (IUCN).

    Fivebough and Tuckerbil Swamps have also 
recorded several waterbird species at numbers 
greater than 1% of their total estimated global 
population size. This includes Glossy Ibis 
Plegadis falcinellus, Sharp-tailed Sandpiper 
Calidris acuminata, Whiskered Tern Chlidonias
hybridus, Australasian Bittern and Brolga (Table 
1).  
   On October 21, 2002 Fivebough and Tuckerbil 
Swamps were designated as Australia’s 62nd

Wetland of International importance under the 
Ramsar Convention.  The wetlands fulfil six of 
the nine Ramsar nomination criteria.
   In August 2006, a statement of the Ecological
Character of the swamps was prepared (Anon 
2006).  This lists 15 key ecosystem services 
provided by the swamps and six key ecological 

Fivebough Swamp Ramsar site

Fig. 2.   Fivebough Swamp from the air.  The town of Leeton is off to the mid right.  The strong 
Gilgai formations can be seen especially at near (north-eastern) side of the swamp.  A row of farms 
has developed along the lunette immediately above the top left (western) side. The main area of 
temporary wetland is clearly visible in the top left.
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Scientific name Common name Status Fivebough
Swamp

Tuckerbil 
Swamp

ANSERIFORMES WATERFOWL
Anseranas semipalmata Magpie Goose T 47(b) nr
Dendrocygna eytoni Plumed Whistling-Duck 811 33
Dendrocygna arcuata Wandering Whistling-Duck 9 nr
Oxyura australis Blue-billed Duck T 8(b) nr
Biziura lobata Musk Duck 6(b) 1
Stictonetta naevosa Freckled Duck T 1 2
Cygnus atratus Black Swan 812(b) 285(b)
Tadorna tadorniodes Australian Shelduck 590 164
Chenonetta jubata Australian Wood Duck 127 10
Anas platyrhynchos Mallard I nr 1
Anas superciliosa Pacific Black Duck 265(b) 2,330(b)
Anas rhynchotis Australasian Shoveler 489(b) 90
Anas gracilis Grey Teal 6,504(b) 5,500(b)
Anas castanea Chestnut Teal 60 115
Malacorhynchus 
membranaceus

Pink-eared Duck 200 110

Aythya australis Hardhead 700(b) 68

PODICIPEDIFORMES GREBES
Tachybaptus 
novaehollandiae

Australasian Grebe 18 4

Poliocephalus 
poliocephalus

Hoary-headed Grebe 180 16

Podiceps cristatus Great Crested Grebe 1 nr

PELECANIFORMES PELICANS AND ALLIES
Anhinga melanogaster Darter 1 nr
Phalacrocorax 
melanoleucos

Little Pied Cormorant 16 7

Phalacrocorax varlus Pied Cormorant nc 6
Phalacrocorax sulcirostris Little Black Cormorant 3 53
Phalacrocorax carbo Great Cormorant 7 26(b)
Pelecanus conspicillatus Australian Pelican 33 30

CICONIIFORMES HERONS, STORKS AND IBIS
Egretta novaehollandiae White-faced Heron 180 319(b)
Egretta garzetta Little Egret 4 10
Ardea pacifica White-necked Heron 31 11
Ardea alba Great Egret JC 32 11
Ardea intermedia Intermediate Egret 233 84
Ardea ibis Cattle Egret JC 76 nc
Nycticorax caledonicus Nankeen Night Heron 14 15
Ixobrychus minutus Little Bittern 6(b?) nr
Botaurus poiciloptilus Australasian Bittern T,S 17(b?) 6
Plegadis falcinellus Glossy Ibis S,JC 20,000 500
Threskiornis molucca Australian White Ibis 474 90
Threskiornis spinicollis Straw-necked Ibis 4,000 1,750

Table 1.  List of waterbirds, their status and maximum numbers recorded for each species during the 
1990s and up to 2006 at Fivebough and Tuckerbil Swamps
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Scientific name Common name Status Fivebough
Swamp

Tuckerbil 
Swamp

Platalea regia Royal Spoonbill 12 23
Platalea flavipes Yellow-billed Spoonbill 90 52

GRUIFORMES RAILS, CRANES AND 
BUSTARDS

Grus rubicunda Brolga S,T 84 130
Gallirallus philippensis Buff-banded Rail 5(b) 1
Rallus pectoralis Lewin’s Rail 1 1
Porzana pusilla Baillon’s Crake n-b 1
Porzana flumina Australian Spotted Crake n(b) 8
Porzana tabuensis Spotless Crake n-b 1
Porphyrio porphyrio Purple Swamphen 288(b) 273(b)
Gallinula tenebrosa Dusky Moorhen 14(b) 1
Gallinula ventralis Black-tailed Native-hen 500 37
Fulica atra Eurasian Coot 1,451(b) 65

CHARADRIIFORMES SHOREBIRDS AND GULLS
Gallinago hardwickii Latham’s Snipe JC 4 4
Limosa limosa Black-tailed Godwit T,JC 7 nr
Limosa lapponica Bar-tailed Godwit JC 1 nr
Numenius minutus Little Curlew JC 3 nr
Tringa stagnatilis Marsh Sandpiper JC 360 661
Tringa nebularia Common Greenshank JC 42 95
Tringa glareola Wood Sandpiper JC 16 2
Actitis hypoleucos Common Sandpiper JC 1 1
Arenaria interpres Ruddy Turnstone JC 2 nr
Calidris canutus Red Knot JC 1 nr
Calidris ruficollis Red-necked Stint JC 15 4
Calidris subminuta Long-toed Stint JC 2 nr
Calidris melanotos Pectoral Sandpiper JC 11 2
Calidris acuminata Sharp-tailed Sandpiper S,JC 3,000 4,000
Calidris ferruginea Curlew Sandpiper JC 12 nr
Philomachus pugnax Ruff JC 2 nr
Rostratula benghalensis Painted Snipe T,JC 8 1
Himantopus himantopus Black-winged Stilt 2,835(b) 1,347(b)
Cladorhynchus 
leucocephalus

Banded Stilt 21 3

Recurvirostra 
novaehollandiae

Red-necked Avocet 600(b) 196

Pluvialis fulva Pacific Golden Plover JC 2 2
Charadrius ruficapillus Red-capped Plover 113(b) 42
Charadrius bicinctus Double-banded Plover NZ 11 nr
Elseyornis melanops Black-fronted Dotterel 68 (b) 11
Erythrogonys cinctus Red-kneed Dotterel 265(b) 96(b)
Vanellus miles Masked Lapwing 330(b) 187(b)
Vanellus tricolor Banded Lapwing nc nc
Larus novaehollandiae Silver Gull 21 250
Sterna nilotica Gull-billed Tern 18 1
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Sterna caspia Caspian Tern JC 2 nr
Chlidonias hybridus Whiskered Tern S 20,000(b) 900
Chlidonias leucopterus White-winged Black Tern JC 2 nr
Stiltia isabella Australian Pratincole 2 nc

FALCONIFORMES DIURNAL BIRDS OF PREY
Haliastur sphenurus Whistling Kite 4 7
Haliaeetus leucogaster White-bellied Sea-Eagle JC 2 1
Circus assimilis Spotted Harrier 1 nr
Circus approximans Swamp Harrier 4 7

PASSERIFORMES SONGBIRDS
Acrocephalus stentoreus Clamorous Reed-Warbler n(b) 60(b)
Megalurus gramineus Little Grassbird n(b) 29(b)
Cisticola exilis Golden-headed Cisticola n(b) nc
Key
T  Threatened Species, NSW Threatened Species Conservation Act 1995
S  Species occurring in numbers greater than 1% of their estimated total population size
JC         Species listed under JAMBA and/or CAMBA
NZ  Winter migrant from New Zealand
I  Introduced species
(b)        Recorded breeding in wetlands (nests and eggs, altricial and precocial young  observed etc)
(b?)       Probably attempts to breed-territorial calling heard
n           No counts but species numerous
nr  Not recorded at this swamp
nc  Observed at this site, but no count available
n-b        No counts, but species numerus and almost certainly breeds

components/processes of the swamps.  Included 
in the key ecosystem services are the support 
provided for the two threatened waterbird 
species within in Australia (Australasian Bittern 
and Painted Snipe), a high diversity of wetland 
species, substantial breeding effort by waterbirds, 
migrant shorebirds, roosting waterbirds, a high 
density of waterbirds (> 20,000), more than 1% 
of the total flyway populations of Sharp-tailed 
Sandpiper and Glossy Ibis, opportunities for 
nature observation, research and education and 
the coexistence of indigenous cultural heritage.

Cultural and Social values
Fivebough Swamp and adjoining lands would 
have provided a rich source of food for the 
Wiradjuri people.  Thus, the area surrounding 
Fivebough Swamp is likely to contain aboriginal 
relics such as open campsites with stone 
artefacts and possibly burial sites in the raised 
lunette on the eastern side.  Tuckerbil Swamp 

was also a traditional hunting/fishing area for 
the Wiradjuri people.  The Koonadan Historic 
Site immediately to the south-east of Tuckerbil 
Swamp is of cultural heritage significance to the 
indigenous people of the area.  Skeletal remains 
have been found in the dunes and the local 
indigenous community considers Koonadan to 
be an ancestral Wiradjuri burial ground (NPWS 
1996).  
   The wetlands have excellent potential as an 
educational resource, to teach local school and 
university students about wetland ecology, 
functioning and management. They are also 
a regionally, nationally and internationally 
important tourist destination for nature-based 
recreation focusing on the rich birdlife that is 
attracted to the swamps.  Following the setting 
up of a detailed website, interest in the swamps 
and the number of visitors are increasing.  This 
provides additional income for local motels, 
camp grounds, shops and restaurants.
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Flood mitigation values
The swamps are surrounded by intensively 
cultivated farmland, much of it irrigated.  A 
complex network of supply and drainage 
channels serves the area and the swamps are 
connected to sections of this system.  The 
area is subject to periodic exceptionally heavy 
summer rain storms.  To prevent extensive 
flooding of farmland during these events water 
can be diverted into the swamps.

Disposal of treated sewage effluent
Leeton Shire Council has operated a sewage 
treatment plant at the southern end on 
Fivebough Swamp since 1937.  A small area of 
the swamp (area 2a, Fig. 4) has been separated 
from the remaining area by levee banks and is 
used to dispose of treated sewage effluent by 
evaporation.  In 2002 the flow was approximately 
3 megalitres/day with an eventual projected 
rise to 5 megalitres/day but only on condition 
that this is consistent with maintaining the 
ecological character of the swamps.  This small 
area of the swamp has permanent water. 

Management
Management objectives
The management of the Swamps is primarily 
directed towards the conservation of waterbirds.  
The overall aim is to create and maintain a range 
of habitats to optimise waterbird abundance and 
diversity but the priorities include conserving, 
and where possible, enhancing the habitat for 
listed threatened species, migratory waders, and 
those species found at the site in numbers greater 
than their 1% population estimate. Management 
objectives also include the provision of 
opportunities for education, eco-tourism and 
research, the maintenance of indigenous cultural 
values and to use the swamps to provide an 
example of wise management of wetlands.  
Fivebough and Tuckerbil Swamps are naturally 
temporary wetlands which flood mainly during 
winter and early spring and dry during summer 
when evaporation rates exceed inputs.  The 
dry periods usually extend from January to 
May.  The management of the wetland aims to 
maintain this natural pattern of flooding and 
drying over most of the swamp.  

Vegetation and Water management
The two main biophysical aspects of habitat 
management that determine the suitability 
of wetlands for waterbirds are the range of 
vegetation communities maintained and the 
water regime, with the consequent populations 
of plant and animal food supply.   Prior to 1997 
Fivebough Swamp was severely overgrazed 
and emergent vegetation was restricted to a few 
patches of Cumbungi.  Substrates were badly 
disrupted because grazing continued throughout 
the year and serious puddling from the hooves 
of cattle occurred when substrates were wet or 
moist.  Consequently, the water column was 
highly turbid.  Grazing leases were ended in 
August 1997.  Funding was not available to 
monitor subsequent changes quantitatively but 
qualitative observations were made of changes 
to the vegetation, substrate macro-structure 
and water quality.  Initially, the response of the 
vegetation was slow, probably because during the 
winter of 1998 the swamp was much drier than 
normal.  It was not until the spring of 1999 that 
the vegetation responded with vigorous growth of 
Cumbungi and other native plants such as Spike 
Rush Eleocharis  spp. and Water Couch Grass 
Paspalum distichum.  Regeneration occurred in 
patches among substantial areas with little or no 
vegetation. There was also considerable growth 
of introduced weed species. By spring 1999 the 
water turbidity was low and the substrate had 
changed from a soft, highly pugged state to a 
firmer, even surfaced appearance.  Areas where 
observers had previously sunk to depths of up to 
30 cm were firmer with sinking to only 5-10 cm.  
Figure 3 shows a comparison of the vegetation 
on Fivebough swamp at the time the overgrazing 
was ended in September 1997 with that in 2006 
after nine years of management.
   No nearby comparable wetland was available 
to use as a control but changes in the numbers 
of many waterbirds following removal of cattle 
grazing and recovery of the vegetation and water 
quality were substantial.  This was especially 
the case for wading species that forage among 
tall vegetation and that catch their prey visually 
through the water column (Fig. 3).  Although 
circumstantial, this suggests that waterbird 
abundance could be enhanced considerably by 
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Fivebough Swamp September 1, 1997

Fivebough Swamp October 29, 2006

Fig. 3.   A comparison of Fivebough Swamp in September 1997 and October 2006.  The photographs 
were taken from the same location: the same buildings and trees can be seen in the background for 
reference
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Fig. 4.  Comparison of the mean number (± se) of four species of wading birds on Fivebough Swamp be-
fore and after the removal of grazing in August 1997.  The swamp was unusually dry during 1998/1999 
season and no data were collected. The figures refer to the period when the swamp was flooded each 
year (July-January).  Number of counts each season: 1995/96 – 4; 1996/97 – 6; 1997/98 – 5; 1999/2000 
– 7.  Significance levels of differences using Kruskal-Wallis tests:       * P< 0.05; ** P< 0.01

managing the swamp as a mosaic of habitats of 
different vegetation types interspersed among 
open areas.  
   The main management objective for vegetation at 
Fivebough is to maintain a diversity of vegetation 
types, varying in height and density, in a mosaic 
of open, relatively non-vegetated areas, to provide 
the range of habitats required by the greatest 
diversity of waterbirds.   If left unmanaged it is 

probable that eventually the entire swamp could 
become dominated by a few species, especially 
cumbungi and water couch grass.  To achieve 
diversity management must suppress the growth 
of these and other dominant species.  The use of 
livestock grazing as a vegetation management 
tool in wetlands is widespread in Europe (Gordon 
et al., 1990; Wallis de Vries et al., 1998; Vulink 
et al., 2000; Ausden et al., 2005) but has not been 
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used much in Australia.  Starting in 2001 at 
Fivebough and 2003 at Tuckerbil, controlled 
grazing has been used as the main means of 
vegetation management on the swamps.  To 
achieve the required diversity of vegetation  
two approaches have been employed at 
Fivebough: zoning by use of fencing with 
different levels of cattle grazing from zero 
to medium density in different zones (Fig. 4, 
Table 2), and varying the density of grazing in 
an adaptive management approach (Table 3).  
Tuckerbil swamp has not been zoned and the 
entire swamp has been grazed.  

   At Fivebough Swamp Zones 1 a,b,c in the 
main area of temporary flooding have been 
managed to provide a combination of open 
non-vegetated areas for migratory shorebirds 
in a mosaic of emergent aquatic vegetation 
for wading birds and cryptic species such as 
crakes and rails. A medium density of cattle 
stocking has been used, which has been varied 
from year to year based on a visual assessment 
of the state of the vegetation (Table 4).  Zone 
2 a has been grazed, again adaptively, to 
achieve open habitats, as an additional area 
for shorebirds. Zones 2 b and 4 have been 

Table 2.   Details of grazing, flooding and water quality in the wetland management zones of Fivebough 
swamp.  The temporary flooded areas are usually inundated from June to early January.  For details of 
grazing density in zone 1 see Table 3.  Public access is by footpaths and at viewing platforms around 
the perimeter of zones only.

Flooding pattern Grazing cattle/
ha

Water quality Public access

1 a,b,c temporary, medium fresh south-western 
edge only

2 a permanent variable fresh/treated 
sewage mix

all perimeter

2 b permanent zero fresh/treated 
sewage mix

all perimeter

2c,d temporary light fresh all perimeter

4a temporary zero fresh south edge only

Table 3.  Stocking densities (number per hectare) of cattle in the temporary wetland zones of Fivebough 
and Tuckerbil Swamps

Year Range Mean
Fivebough 2001 0.14-0.32 0.29

2002 1.09-2.07 1.68
2003 0.86-1.59 1.06
2004 0-0.73 0.52
2005 0.66-0.93 0.77
2006 0.32-1.0 0.83

Tuckerbil 2003 0.33-0.37 0.36
2004 0.29-0.39 0.38
2005 0.30-0.41 0.40
2006 0.34-0.41 0.37
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ungrazed. Zones 2 c and d have been subject 
to initial trials of very light grazing since 2005 
to achieve open patches among cumbungi beds 
to provide habitat specifically for Australasian 
Bitterns and Little Bitterns. 
   Grazing on both swamps is restricted to the 
period of January to July. Cattle are removed 
well before the start of the spring breeding 
season for waterbirds and the arrival of migrant 
shorebirds to minimise disturbance and damage 
to the substrates and water column.
   Historically the swamps filled directly from 
rainfall and received natural drainage from the 
Corbie and Merungle Hills areas to the south 
and the Brobenah Range to the East.  The 
latter has been altered by the development of 
irrigated agriculture in the areas around the 
swamps.  However, under an arrangement with 
Murrumbidgee Irrigation the swamps continue 
to receive water run-off from local rainfall in 
their catchment, mostly from June to November. 
Additionally both now receive an environmental 
water allocation which reduces variation and 
ensures the swamps are flooded long enough 
to support successful breeding of waterbirds.  

For example in 2005 the environmental water 
allocation supported the successful breeding 
of  Magpie Geese Anseranas semipalmata. 
The swamps start drying each year from about 
October and have receding water levels until 
they dry completely.  Tuckerbil is shallower than 
Fivebough and is usually dry about a month or so 
earlier, by the end of November.  At Fivebough 
Swamp the inflow from the sewage treatment 
plant continues throughout the year, providing 
an area of permanent at the southern end of the 
swamp.

Visitor management
The philosophy of visitor management is a 
compromise between encouraging the public to 
enjoy the wetlands and see as much as possible 
of the wetland wildlife while at the same time 
ensuring that most of the wetland area is free from 
human disturbance.   At present visitor access is 
encouraged mainly at Fivebough Swamp.  A car 
park and interpretative centre have been provided 
at the western edge of the swamp and access to 
the wetlands is by 5 km of trails that follow the 
edges of some parts of the management zones, 

Fig. 5. Management zones at Fivebough Swamp.  See Table 2 for details
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mainly in the south-eastern part of the wetland.  
This allows visitors to view all habitats within 
the wetland.  Most of the ephemeral part of 
the wetland, including zones 1,a,b,c and 4a are 
priority conservation areas and not accessible to 
the public although the edges of the area can be 
viewed from some sections of the walking trail 
and from a viewing platform on the eastern side 
of the wetland.

Ecological research
In the initial stages of management of the wetlands 
an adaptive management approach was mainly 
used, necessitated by the shortage of empirical 
evidence upon which to base decisions.  This was 
targeted towards the main management objectives 
of providing habitat for waterbirds, especially 
the rarer species and the migrant shorebirds, 
consistent with the requirements of the site as 
wetlands of international importance.  A general 
understanding of the habitat requirements of the 
main groups of species was used as a guideline.  
Starting in 1999 a program of ecological research 
has been undertaken in the wetlands to provide 
more a quantitative and scientifically-based 
understanding upon which to base management 
decisions.  The research has concentrated on 
waterbirds and the specification of optimal 
habitats for each species.  This has involved study 
of relationships between the birds and vegetation 
structure, water regimes, invertebrate prey 
populations and human disturbance. Eventually, 
the research program will be extended to include 
as much of the wetland flora and fauna as 
possible.

Fivebough and Tuckerbil Wetlands Trust 
website
The establishment of a wetland website (www.
fivebough.org.au) has been an important tool 
in achieving management objectives related to 
visitors and education.  The website provides 
information on the wetlands, including details 
of location, access and species likely to be seen.  
There is no doubt that it has helped increase 
the number of visitors to the wetlands and to 
the general area around the swamps and has 
contributed to the local economy.  The website 
contains useful educational information for 

schools and encourages visits by school groups.  
Perhaps most importantly the site provides the 
management plan for the wetlands, formulated in 
2002 as a component of the successful application 
for Ramsar listing.  This has been downloaded 
more frequently than any other part of the 
website and is being used as an educational tool 
in tertiary education courses on the management 
of protected areas.  At the time of writing, the 
website has about 50 visits per day from up to 30 
countries.
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Abstract:  Surveys recording terrestrial birds within the State Forests of the central Murray Valley 
were conducted between spring 1999 and spring 2003. A total of 375 twenty-minute  counts were 
completed in 32 two hectare survey plots. One hundred and three species were recorded on the survey 
plots. Ninety-six species belonged to terrestrial foraging guilds; the remaining seven species belonged 
to wetland foraging guilds. The reporting rate of birds was highest in 1999/2000 apart from a peak in 
Spring 2000/01. The most frequently recorded species were White-plumed Honeyeater Lichenostomus
pencillatus, Striated Pardalote Pardalotus striatus and Brown Treecreeper Climacteris picumnus. More 
species were recorded in Millewa State Forest (67 species) than in other state forests and more species 
were recorded in Box Eucalyptus spp. and Cypress-pine Callitris sp. habitats (71 species recorded in 
each) than in Red Gum E. camaldulensis habitats (52-59 species). Monitoring terrestrial bird populations 
should be continued in the State Forests of the central Murray Valley to detect changes in species 
populations over time. Future surveys should be conducted every 3-5 years, in each season. 

INTRODUCTION

The establishment of a baseline for bird 
populations within the State Forests of the 
southern Riverina (predominately the central 
portion of the New South Wales Murray River 
valley) has not been previously attempted. 
These State Forests incorporate a range of 
Eucalypt and Cypress-pine Callitris sp. 
forest and woodland types. In the past the 
majority of the research conducted on birds 
within the Murray River valley has been 
undertaken in River Red Gum Eucalyptus 
camaldulensis forests and in Victoria (e.g. 
Chesterfield et al. 1984; Mac Nally et al. 
2000; Loyn et al. 2002).

There have been a few exceptions, but 
none have concentrated on the forest and 
woodland communities of the central Murray 
State Forests. Tzaros (2001) included a 
single site from New South Wales. With this 
exception, all his sites, selected to compare 
the terrestrial bird communities of river 
Red Gum forests and non-riparian woodland 
types (Western Grey Box E. microcarpa and 

Black Box E. largiflorens), were located in 
Victoria.

Jansen and Robertson (2001) investigated 
the impact of land management practices 
on riparian bird communities. Their study 
was centred on the Murrumbidgee river 
but included four sites on the Murray River 
near Mathoura. Webster (2004) established 
a baseline for terrestrial bird populations 
within Barmah-Millewa Forest and 
investigated the influence of flooding on 
terrestrial bird populations within a range 
of forest and woodland types.

Hobbs (1961) is the only other published 
work that incorporates the study area. He 
describes the distribution of all birds he 
observed (between 1954-1960) and their 
status within south-western New South 
Wales.

as Forests new South Wales were 
involved in the survey work undertaken 
by Webster (2004), it was decided that this 
work should be extended to include all the 
State Forests within the central portion of 
the Murray Valley. The aims of study were: 
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(1) to establish a baseline for populations of 
terrestrial birds within the State Forests of 
the New South Wales Central Murray Region; 
(2) to contribute to a baseline for populations 
of terrestrial birds within the New South 
Wales Murray Catchment; (3) to evaluate 
trends in the populations of terrestrial bird 
species during the survey period; and (4) to 
evaluate the efficacy of using foraging guilds 
in determining short and long-term trends in 
terrestrial bird populations.

METHODS

Study sites

In conjunction with Forests NSW staff, 32 
terrestrial bird survey sites were established 
in State Forests within the southern portion of 
the Riverina forestry region (this included 10 

sites from the Millewa group of forests used 
by Webster 2004). These sites were selected 
to cover a range of forest and woodland types 
(Table 1) and many of the sites had been 
surveyed during a previous threatened fauna 
survey (Webster et al. 2003). The River Red 
Gum sites were sub-divided into three: 1 
– wetter forest, 2 – intermediate forests and 
3 – drier forests.  A two hectare plot (100 
m x 200 m) was marked out at each survey 
site. The locations of the plots were recorded 
using a Magellan Tracker GPS (Part No. 24-
10060-000) and are shown in Fig. 1.

Census methodology

The survey period extended from spring 
1999 until spring 2003 (Tables 1 & 2). 
Each survey plot was counted using an 
active search method (Loyn 1986) once 
each season for twenty minutes in each of 

Fig. 1.  The location of study sites in the southern Riverina region of New South Wales. The insert 
shows the location of the study area within New South Wales.
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Table 1.  The vegetation type and habitat of the terrestrial bird survey sites and the number of 20-minute 
counts conducted in each.

Vegetation type Habitat No. of counts

Box (Black) Box 48
Box (Black/Grey) Box 12
Box (Grey) Box 21
Box (Yellow/Grey) Box 12
Box (Black/Pine) Box 9
Pine (sandhill) Pine 36
Pine Pine 9
Pine/Buloke (sandhill) Pine 12
River Red Gum 1 RRG 1 84
River Red Gum 2 RRG 2 84
River Red Gum 3 RRG 3 36
River Red Gum 3/Box RRG 3 12

Season/Year Season counts Year counts
Spring 1999 10
Summer 2000 10
Autumn 2000 10
Winter 2000 10 40
Spring 2000 9
Summer 2001 30
Autumn 2001 29
Winter 2001 26 94
Spring 2001 35
Summer 2002 32
Autumn 2002 32
Winter 2002 32 131
Spring 2002 22
Summer 2003 22
Autumn 2003 22
Winter 2003 22 88
Spring 2003 22 22

Table 2.  The seasons and years that surveys were conducted and the number of 20-minute counts 
conducted in each season and year.

the three years (Table 2). The observations 
were undertaken by RW. All species and the 
number of individuals observed or heard 
on the plot where recorded. Birds seen or 
heard immediately outside the plot were also 
recorded as being present within that habitat 
type. Birds flying over or through the plot 

were recorded as being within the plot if they 
were species that used the air space to forage 
for food (e.g. Brown Goshawk Accipiter 
fasciatus, Tree Martin Hirundo nigricans). 

Surveys were not undertaken during 
excessively windy periods (i.e. crowns of 
the trees moved violently) or during rain. 

RICKY WEBSTER AND KEN ROGERS
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To minimise potential bias in the results, 
survey timing alternated between early and 
late morning between successive surveys. 
Early counts were started before 9 a.m. and 
all late counts were started before 12 noon. 
This meant that all counts were completed by 
12.20 p.m.

No nocturnal bird surveys, or targeted 
surveys for rare or threatened species, were 
undertaken as part of this project.

Foraging guilds

In an attempt to explain the patterns in bird 
populations within the southern Riverina and 
the State Forests surveyed, the bird species 
recorded during the survey period were placed 
into major guilds and foraging guilds based on 
the way terrestrial birds use the forest (Table 
3). The ‘major guild’ is where in the forest 
the species feeds (all levels, aerial, arboreal, 
ground and wetland) and this was subdivided 
into ‘foraging guilds’ based on observations of 
foraging behaviour and ecology made during 
the surveys and from information contained in 
the literature (Loyn 1985, Recher & Holmes 
1985, Ford et al. 1986, Tzaros 2001, Higgins 
& Peter 1990-2002).

RESULTS

During the study period (Spring 1999 - Spring 
2003), 375, 20-minute surveys were completed 
(Tables 1 & 2). These recorded 103 species 
(Table 4). Ninety-six species belonged to 
terrestrial foraging guilds, while the remaining 
seven species belonged to wetland foraging 
guilds. These wetland species are included in 
the overall data analysis but are not included 
in the species specific or foraging guild 
analysis. 

The general trends in the results are 
presented in Table 3 and in Tables 5 to 8. 
These show the results for each study year and 
season, state forest and forest or woodland 
type. The average reporting rate for all species 
was 6% and when a species was recorded at 
a site (non-zero counts), the average number 

of individuals counted was 2.12 birds (Table 
5). The reporting rate of birds was highest 
in 1999/2000 (Table 5) apart from a peak in 
Spring 2000/01 (Table 6).  More species were 
recorded in Millewa than in other state forests 
(Table 7). More species were recorded in Box 
Eucalyptus spp. and Cypress-pine Callitris sp. 
habitats than in Red Gum E. camaldulensis 
habitats (Table 8).

Reporting rates varied greatly among 
species (Fig. 2). The reporting rates ranged 
from 0.3% when a species was seen only once 
in the 375 surveys to 43.5% for the abundant 
White-plumed Honeyeater. For those species 
that have a reporting rate of less than 5% 
there is little that can be determined regarding 
trends during the survey period. In the present 
study, 31 (30%) of the 103 species recorded 
during this study had a reporting rate above 
the 5% level and occurred in several guilds 
(shown in bold in Table 3). 

Species within a guild had different habitat 
preferences (Table 9).

DISCUSSION

Southern Riverina state forests bird 
community

The State Forests included in this study were 
dominated by River Red Gum habitat types 
enabling comparison with previous studies 
that included this habitat type. Chesterfield 
et al. (1984) recorded 108 terrestrial bird 
species in a survey of Barmah State Forest, 
Tzaros (2001) surveyed Barmah State 
Forest/Park and Gunbower Island State 
Forest and recorded 92 species and Webster 
(2004) surveyed Barmah-Millewa Forest and 
recorded 84 species. In the present study a 
similar number of 96 species of terrestrial 
birds were recorded. Differences in the total 
diversity of terrestrial bird species may be 
due to the inclusion in the current study of 
a range of Cypress-pine habitat types located 
on the Riverine Plain, well away from the 
Murray and Edward Rivers .This resulted in 
species such as the Australian Ringneck, Blue 
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Guild no./Guild

Species

Box Pine RRG1 RRG2 RRG3

1.1 All Levels: Invertebrates

Fan-tailed Cuckoo 1.0% - 1.2% - 2.1%
Horsfield’s Bronze-Cuckoo 1.0% 1.8% 1.2% - 4.2%
Grey Shrike-thrush 14.7% 17.5% 16.7% 11.9% 14.6%
White-winged Triller 4.9% 3.5% - 3.6% 2.1%

1.2 All Levels: Nectar

Spiny-cheeked Honeyeater 1.0% 31.6% - - -
Striped Honeyeater - 8.8% - - -
Noisy Friarbird 2.9% 1.8% 7.1% 7.1% 2.1%
Little Friarbird 7.8% 3.5% 10.7% 6.0% 2.1%
Noisy Miner 14.7% - - - -
Singing Honeyeater - 1.8% - - -
White-plumed Honeyeater 46.1% 19.3% 71.4% 41.7% 20.8%
Black-chinned Honeyeater 1.0% - 1.2% - -
Brown-headed Honeyeater 5.9% 5.3% - 4.8% 2.1%

1.3 All Levels: Seed/Fruit
Sulphur-crested Cockatoo 3.9% 7.0% 46.4% 23.8% 18.8%
Superb Parrot - - - 1.2% 2.1%
Crimson Rosella 12.7% 19.3% 38.1% 14.3% 14.6%
Eastern Rosella 2.9% - 1.2% 6.0% -
Australian Ringneck 4.9% 3.5% - - -

1.4 All Levels: Seed/Fruit
(specialist)
Long-billed Corella - - 8.3% 1.2% 4.2%

2.1 Aerial Feeders

Rainbow Bee-eater 3.9% 12.3% - 2.4% 2.1%
White-breasted Woodswallow - 1.8% - 3.6% -
Masked Woodswallow 1.0% 1.8% 1.2% 2.4% -
White-browed Woodswallow 3.9% 5.3% 2.4% 3.6% -
Dusky Woodswallow 6.9% 1.8% 11.9% 9.5% 4.2%

Table 3.  The reporting rate for terrestrial bird species recorded in the different habitat types surveyed 
within the State Forest of the central Murray Valley. Species are listed in taxonomic order (Christidis 
and Boles 1994) within foraging guilds. Boldface numbers indicate the habitat type in which the species 
was most common. The 31 species in bold had a reporting rate of greater than 5%.
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Welcome Swallow 1.0% 17.5% 4.8% 2.4% 14.6%
Tree Martin 2.0% 5.3% 9.5% 6.0% 12.5%
Fairy Martin - 1.8% - - -

2.2: Perch Aerial Feeders

Dollarbird - - 2.4% - -
Jacky Winter 31.4% 7.0% 3.6% 20.2% 6.3%
Grey Fantail 12.7% 14.0% 13.1% 19.0% 12.5%

2.3 Aerial Predators

Brown Goshawk - - - 1.2% -
Collared Sparrowhawk - - 1.2% - -
Wedge-tailed Eagle 2.9% 1.8% 1.2% 2.4% 4.2%
Brown Falcon 1.0% 3.5% - - -
Peregrine Falcon - - 1.2% - -
Nankeen Kestral - 1.8% - - -

2.4 Woodland Predators

Little Eagle - - 1.2% - -
Southern Boobook 1.0% - - 1.2% 2.1%
Laughing Kookaburra 4.9% 3.5% 10.7% 1.2% 2.1%
Sacred Kingfisher 2.9% 1.8% 14.3% 9.5% 10.4%
Grey Butcherbird 7.8% 1.8% - - -
Pied Butcherbird 4.9% - - - 2.1%
Pied Currawong 1.0% - - - -
Australian Raven 2.9% - 7.1% 4.8% 4.2%
Little Raven 2.0% 5.3% - - -

3.1 Canopy: Invertebrates

Spotted Pardalote 5.9% 1.8% 4.8% 2.4% -
Striated Pardalote 39.2% 22.8% 44.0% 47.6% 41.7%
Weebill 45.1% - 6.0% 27.4% 37.5%
Yellow Thornbill 20.6% 61.4% 2.4% 11.9% 12.5%
Striated Thornbill 2.0% 3.5% 16.7% 11.9% 25.0%
Golden Whistler 7.8% 1.8% - 8.3% 2.1%
Rufous Whistler 15.7% 36.8% 7.1% 16.7% 10.4%
Black-faced Cuckoo-shrike 4.9% 3.5% 8.3% 7.1% 12.5%
White-bellied Cuckoo-shrike - - 1.2% - -
Olive-backed oriole 1.0% - - - -

3.2 Canopy: Fruit (specialist)

Mistletoebird 5.9% 12.3% - 3.6% 4.2%

TERRESTRIAL BIRD POPULATIONS
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3.3 Trunks/Branches:
Invertebrates

White-throated Treecreeper 21.6% 5.3% 28.6% 17.9% 14.6%
Brown Treecreeper 42.2% 8.8% 42.9% 40.5% 35.4%
Varied Sittella 2.9% 1.8% 1.2% 3.6% 4.2%
Crested Shrike-tit 3.9% - 6.0% 1.2% -

3.4 Shrubs: Invertebrates

Western Gerygone 9.8% - 1.2% 7.1% 4.2%
Brown Thornbill - - - - 2.1%
Silvereye - 15.8% - 3.6% -

4.1 Ground: Invertebrates

Yellow-rumped Thornbill 11.8% 36.8% - 6.0% 10.4%
Southern Whiteface 5.9% 17.5% - - -
White-browed Babbler - 17.5% 1.2% - -
Chestnut-crowned Babbler - 3.5% - - -
Magpie-lark 2.0% - 6.0% 1.2% -
Australian Magpie 8.8% 7.0% 4.8% 4.8% 18.8%
White-winged Chough 5.9% 3.5% 6.0% 3.6% 8.3%
Rufous Songlark 1.0% 3.5% 2.4% 1.2% -
Common Starling - 1.8% - - -

4.2 Low: Invertebrates

Pallid Cuckoo 2.0% - - - -
Superb Fairy-wren 11.8% 31.6% 35.7% 21.4% 6.3%
White-browed Scrubwren - - 13.1% - -
Chestnut-rumped Thornbill 12.7% 38.6% - 1.2% -
Buff-rumped Thornbill 16.7% 1.8% 14.3% 27.4% 33.3%
Scarlet Robin 4.9% - 1.2% 3.6% -
Red-capped Robin 12.7% 42.1% - 13.1% 18.8%
Flame Robin - - - 1.2% 2.1%
Hooded Robin 4.9% 7.0% - - -
Gilbert’s Whistler - 3.5% - - -
Restless Flycatcher 2.9% 1.8% 9.5% 1.2% 6.3%
Willie Wagtail 22.5% 33.3% 19.0% 6.0% 6.3%

4.3 Ground: Seed/Fruit

Emu - 1.2% - - -
Painted Button-quail - - 1.2% - 2.1%
Common Bronzewing 7.8% 3.5% - 3.6% 2.1%
Crested Pigeon 3.9% 3.5% - - -
Peaceful Dove 4.9% 14.0% - 1.2% -
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Galah 17.6% 5.3% 35.7% 22.6% 20.8%
Red-rumped Parrot 25.5% 33.3% 2.4% 2.4% 8.3%
Blue-winged Parrot - 1.8% - - -
Zebra Finch - 1.8% - - -
Red-browed Finch - 8.8% 1.2% - -
Diamond Firetail 4.9% 1.8% - - 2.1%

4.4 Ground: Seed/Fruit
(specialist)

Blue Bonnet 6.9% 7.0% - - -

5.1 Wetland: Animal

White-faced Heron - - 1.2% - -
Nankeen Night Heron - 1.8% - - -
Clamorous Reed-warbler - - 1.2% - -

5.2 Wetland: Vegetable

Pacific Black Duck - - 3.6% - -
Grey Teal - - 1.2% - -

5.3 Wetland: Predator

Whistling Kite 2.0% 3.5% 7.1% - -
Swamp Harrier - - - - 2.1%

Bonnet and Chestnut-crowned Babbler being 
recorded. These species are more typical of 
drier habitat types found on the Riverine Plain 
than the wetter habitat types found along the 
Riverine corridor.

Three species were markedly more 
abundant across all habitat types than other 
species: White-plumed Honeyeater, Striated 
Pardalote and Brown Treecreeper. This 
corresponds closely with studies conducted 
by Loyn (1985) and Mac Nally et al. (2000) in 
which these three species were also amongst 
the most common species recorded in forestsin forests 
dominated by River Red Gums. Tzaros. Tzaros 
(2001) listed the White-plumed Honeyeater 
and Striated Pardalote as two of the most 
frequently recorded species in riparian 
habitats while for non-riparian habitats (box 
woodlands) the Weebill, Striated Pardalote 
and Brown Treecreeper were among the 

commonly recorded species. The next most 
common species recorded during the present 
study (across all habitat types) was the 
Weebill. This may have been a result of the 
large number of River Red Gum (RRG3) and 
box woodland sites included in this study.

It therefore appears that the diversity of 
terrestrial birds and most frequently recorded 
species within the southern Riverina State 
Forests is typical of the diversity found across 
a much larger area within the central Murray 
Valley.

Terrestrial bird habitat preferences

For those species with a reporting rate greater 
than 5%, preferences for habitat types were 
similar to those previously reported (e.g. 
Chesterfield et al. 1984, Tzaros 2001, Loyn et 
al. 2002). There are a number of similarities 
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Common Name Scientific name Foraging Guild

Emu Dromaius novaehollandiae 4.3
Australian Wood Duck* Chenonetta jubata
Pacific Black Duck Anas superciliosa 5.2
Grey Teal Anas gracilis 5.2
White-faced Heron Egretta novaehollandiae 5.1
Nankeen Night Heron Nycticorax caledonicus 5.1
Black-shouldered Kite* Elanus notatus
Whistling Kite Haliastur sphenurus 5.3
Swamp Harrier Circus assimilis 5.3
Brown Goshawk Accipter fasciatus 2.3
Collared Sparrowhawk Accipter cirrhocephalus 2.3
Wedge-tailed Eagle Aquila audax 2.3
Little Eagle Hieraaetus morphnoides 2.3
Brown Falcon Falco berigora 2.3
Peregrine Falcon Falco peregrinus 2.3
Nankeen Kestral Falco cenchroides 2.3
Painted Button-quail Turnix varia 4.3
Common Bronzewing Phaps chalcoptera 4.3
Crested Pigeon Geophaps lophotes 4.3
Peaceful Dove Geopelia striata 4.3
Galah Cacatua roseicapilla 4.3
Long-billed Corella Cacatua tenuirostris 1.4
Major Mitchell Cockatoo* Cacatua leadbeateri
Sulphur-crested Cockatoo Cacatua galerita 1.3
Cockatiel*# Leptolophus hollandicus
Superb Parrot# Polytelis swainsonii 1.3
Crimson Rosella Platycercus elegans flaveolus 1.3
Eastern Rosella Platycercus eximus 1.3
Australian Ringneck Barnardius barnardi 1.3
Blue Bonnet Northiella haematogaster 4.4
Red-rumped Parrot Psephotus haematonotus 4.3
Blue-winged Parrot Neophema chrysostoma 4.3
Pallid Cuckoo Cuculus pallidus 4.2
Fan-tailed Cuckoo Cacomantis flabelliformis 1.1
Horsfield’s Bronze-Cuckoo Chryscoooyx basalis 1.1
Southern Boobook Ninox novaeseelandiae 2.4
Australian Owlet-nightjar* Aegotheles cristatus
Laughing Kookaburra Dacelo novaeguineae 2.4

Table 4.  The list of species and their foraging guild for all species recorded on the 32 study plots lo-
cated in the State Forests of the central Murray valley in the southern Riverina of New South Wales. 
The names of the foraging guilds are shown in Table 3.  
* species recorded in habitat only, # threatened species, + introduced species
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Sacred Kingfisher Todiramphus sanctus 2.4
Rainbow Bee-eater Merops ornatus 2.1
Dollarbird Eurystomus orientalis 2.2
White-throated Treecreeper Cormobates leucophaeus 3.3
Brown Treecreeper Climacteris picumnus 3.3
Superb Fairy-wren Malurus cyaneus 4.2
Spotted Pardalote Pardalotus punctatus 3.1
Striated Pardalote Pardalotus striatus 3.1
White-browed Scrubwren Sericornis frontalis 4.2
Weebill Smicrornis brevirostris 3.1
Western Gerygone Gerygone fusca 3.4
Brown Thornbill Acanthiza pusilla 3.4
Chestnut-rumped Thornbill Acanthiza uropygialis 4.2
Buff-rumped Thornbill Acanthiza reguloides 4.2
Yellow-rumped Thornbill Acanthiza chrysorrhoa 4.1
Yellow Thornbill Acanthiza nana 3.1
Striated Thornbill Acanthiza lineata 3.1
Southern Whiteface Aphelocephala leucopsis 4.1
Spiny-cheeked Honeyeater Acanthagenys rufogularis 1.2
Striped Honeyeater Plectorhyncha lanceolata 1.2
Noisy Friarbird Philemon corniculatus 1.2
Little Friarbird Philemon citreogularis 1.2
Noisy Miner Manorina melanophrys 1.2
Singing Honeyeater Lichenostomus virescens 1.2
White-plumed Honeyeater Lichenostomus penicillatus 1.2
Black-chinned Honeyeater# Melithreptus gularis 1.2
Brown-headed Honeyeater Melithreptus brevirostris 1.2
Jacky Winter Microeca fascinans 2.2
Scarlet Robin Petroica multicolor 4.2
Red-capped Robin Petroica goodenovii 4.2
Flame Robin Petroica phoenicea 4.2
Hooded Robin# Melanodryas cucullata 4.2
White-browed Babbler Pomatostomus superciliosus 4.1
Chestnut-crowned Babbler Pomatostomus ruficeps 4.1
Varied Sittella Daphoenositta chrysoptera 3.3
Crested Shrike-tit Falcunculus frontatus 3.3
Gilbert’s Whistler+ Pachycephala inornata 4.2
Golden Whistler Pachycephala pectoralis 3.1
Rufous Whistler Pachycephala rufiventris 3.1
Grey Shrike-thrush Colluricincla harmonica 1.1
Restless Flycatcher Myiagra inquietai 4.2
Magpie-Lark Grallina cyanoleuca 4.1
Grey Fantail Rhipidura fuliginosa 2.2
Willie Wagtail Rhipidura leucophrys 4.2
Black-faced Cuckoo-Shrike Coracina novaehollandiae 3.1
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White-bellied Cuckoo-shrike Coracina papuensis 3.1
White-winged Triller Lalage sueurii 1.1
Olive-backed Oriole Oriolus sagittatus 3.1
White-breasted Woodswallow Artamus leucorynchus 2.1
Masked Woodswallow Artamus personatus 2.1
White-browed Woodswallow Artamus superciliosus 2.1
Dusky Woodswallow Artamus cyanopterus 2.1
Grey Butcherbird Cracticus torquatus 2.4
Pied Butcherbird Cracticus nigrogularis 2.4
Australian Magpie Gymnorhina tibicen 4.1
Pied Currawong Strpera graculina 2.4
Australian Raven Corvus coronoides 2.4
Little Raven Corvus mellori 2.4
White-winged Chough Corcorax melanorhamphus 4.1
Zebra Finch Taeniopygia guttata 4.3
Red-browed Finch Neochima temporalis 4.3
Diamond Firetail Stagonopleura guttata 4.3
Mistletoebird Dicaeum hirundinaceum 3.2
Welcome Swallow Hirundo neoxena 2.1
Tree Martin Hirundo nigricans 2.1
Fairy Martin Hirundo ariel 2.1
Clamorous Reed-Warbler Acrocephalus stentoreus 5.1
Rufous Songlark Cincloramphus mathewsi 4.1
Silvereye Zosterops lateralis 1.3
Common Starling+ Sturnus vulgaris 4.1

Table 5.  The number of species and their reporting rates in each year surveyed for all state forests and 
habitat types combined.

Year/Season No. of species Reporting rate ± se (%) Mean no. of birds per 
non-zero count ± se (n)

All 103 5.98 ± 0.12 2.12 ± 0.05 (2308)
1999/00 62 7.38 ± 0.41 2.01 ± 0.10 (304)
2000/01 77 5.70 ± 0.24 2.10 ± 0.09 (552)
2001/02 79 6.00 ± 0.20 2.24 ± 0.08 (809)
2002/03 74 5.80 ± 0.25 2.06 ± 0.11 (526)
2003/04 47 5.16 ± 0.46 1.89 ± 0.26 (117)

central Murray Valley. Large hollow nesting 
species (e.g. Sulphur-crested Cockatoo, Long 
Billed Corella, Crimson (Yellow) Rosella, 
Laughing Kookaburra) were more common 
in River Red Gum habitat types than either 
box or pine habitats and small hollow nesting 
species (e.g. Chestnut-rumped Thornbill and 

between the present study and that of Tzaros 
(2001) who compared the bird communities 
within riparian habitat and non-riparian 
habitat along the Murray River between 
approximately Yarrawonga and Mildura 
including sites in Barmah State Forest/Park 
and Gunbower Island State Forest within the 
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Year/Season No. of species Reporting rate ± se (%) Mean no. of birds per 
non-zero count ± se (n)

Spring 1999 46 10.10 ± 0.94 2.07 ± 0.19 (104)
Summer 2000 34 6.80 ± 0.78 1.81 ± 0.14 (70)
Autumn 2000 31 5.63 ± 0.72 2.10 ± 0.29 (58)
Winter 2000 36 6.99 ± 0.79 2.06 ± 0.17 (72)
Spring 2000 46 11.00 ± 1.03 1.76 ± 0.13 (102)
Summer 2001 51 5.34 ± 0.40 2.25 ± 0.18 (165)
Autumn 2001 51 5.69 ± 0.42 2.06 ± 0.15 (170)
Winter 2001 42 4.29 ± 0.39 2.25 ± 0.23 (115)
Spring 2001 61 6.32 ± 0.41 2.00 ± 0.14 (228)
Summer 2002 55 5.70 ± 0.40 2.47 ±0.19 (188)
Autumn 2002 55 7.07 ± 0.45 2.43 ± 0.16 (233)
Winter 2002 44 4.85 ± 0.37 2.04 ± 0.16 (160)
Spring 2002 52 7.02 ± 0.54 1.65 ± 0.17 (159)
Summer 2003 41 4.55 ± 0.44 2.16 ± 0.17 (103)
Autumn 2003 48 6.22 ± 0.51 1.81 ± 0.10 (141)
Winter 2003 42 5.43 ± 0.48 2.77 ± 0.41 (123)
Spring 2003 47 5.16 ± 0.46 1.89 ± 0.26 (117)

Table 6.  The number of species and their reporting rates in each season surveyed for all state forests 
and habitat types combined.

Table 7.  The number of species and their reporting rates in each state forest surveyed for all years and 
habitat types combined.

State forest No. of species Reporting rate ± se (%) Mean no. of birds per non-
zero count ± se (n)

Boroorban 49 5.06 ± 0.31 2.26 ± 0.13 (250)
Gulpa Is. 53 6.50 ± 0.40 2.08 ± 0.12 (241)
Koondrook 42 5.20 ± 0.36 1.89 ± 0.13 (193)
Millewa 67 7.33 ± 0.33 2.10 ± 0.11 (453)
Moira 43 6.92 ± 0.51 2.41 ± 0.17 (171)
Perricoota 56 6.00 ± 0.28 2.25 ± 0.15 (445)
Tholobin 41 6.36 ± 0.46 1.99 ± 0.12 (177)
Werai 55 5.10 ± 0.26 1.96 ± 0.10 (378)

Southern Whiteface) were more common in 
pine habitats. Tzaros (2001) recorded small 
hollow nesters as being more common in 
non-riparian habitats (pine/box woodland, 
box woodland and mallee woodland). The 
difference between the two studies may be 
because the pine habitats in the current study 

contained a range of tree species in addition to 
box eucalypts.

Tzaros (2001) found that aerial predators 
and woodland predators were more common 
in riparian habitats than non-riparian habitats. 
Within the present study aerial predators were 
found across all habitat types but at such low 
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Habitat No. of species Reporting rate ± se (%) Mean no. of birds per 
non-zero count ± se (n)

Box 71 6.29 ± 0.24 2.06 ± 0.08 (661)
Pine 71 7.05 ± 0.33 2.17 ± 0.09 (414)

RRG1 59 6.09 ± 0.26 2.32 ± 0.14 (527)
RRG2 58 5.27 ± 0.24 1.99 ± 0.09 (456)
RRG3 52 5.06 ± 0.31 2.00 ± 0.12 (250)

Table 8.  The number of species and their reporting rates in each habitat surveyed for all years and 
habitat types combined.

levels that no meaningful conclusions could 
be made about habitat preferences. However, 
woodland predators (e.g. Laughing Kookaburra, 
Sacred Kingfisher) were most common in River 
Red Gum habitats and box habitat (e.g. Grey 
Butcherbird, Pied Butcherbird).

Tzaros (2001) found the majority of the 
species that feed on invertebrates at low levels 
or on the ground were more common in box and 
pine habitats than River Red Gum habitats. This 
was also the case in the present study with some 
exceptions. The White-browed Scrubwren was 
only present in the wetter RRG1 habitat type 
possibly because this habitat is flooded on more 
regularly than the other habitat types resulting in 
a denser understorey component which is more 
suitable for this species. The Superb Fairy-wren 
although commonly recorded in pine habitat 
was more often recorded in RRG1 possibly 
because the dense understorey provided more 
habitat than is present in the drier forest types.

Declining and threatened woodland birds

Reid (1999) identified 20 bird species within 
the sheep/wheat belt of New South Wales as 
declining and at risk of becoming extinct if current 
management actions were not changed. The 
reporting rate and status of these species during 
the present study are compared with the study 
of Hobbs (1961) carried out in south-western 
New South Wales (Table 10).  Comparison is 
also made with species that are now listed as 
threatened (Traill & Duncan 2000).  

Recommendations

It is recommended that monitoring of 
terrestrial bird populations in the State 
Forests of the Southern Riverina should be 
continued to determine changes in species 
populations over time. Future surveys should 
be conducted every 3-5 years. Because of the 
within year variation of reporting rates for 
species all future surveys should include a 
survey in each season in each year that the 
survey is conducted. Future surveys should 
pay special attention to those species that are 
apparently declining.
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Figure 2.  Mean reporting rate (± 90% confidence limits) for all species recorded on the plots during 
the survey period.
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Guild
Number

Guild Habitat
Preference

Species

1.1 All Invertebrates Pine Grey Shrike-thrush
1.2 All Nectar RRG 1 White-plumed Honeyeater

Pine Spiny-cheeked Honeyeater
1.3 All Seeds/Fruits RRG 1 Sulphur-crested Cockatoo

None Crimson Rosella
1.4 All Seeds/Fruits

(specialist)
RRG 1/2/3 Long-billed Corella

not RRG Mistletoebird
2.1 Aerial Feeders Pine Rainbow Bee-eater

RRG 1 Dusky Woodswallow
Pine, RRG 3 Welcome Swallow

2.2 Perch Aerial Feeders Box Jacky Winter
None Grey Fantail

2.3 Aerial Predators - No evident preferences
2.4 Woodland Predators RRG 1/3 Sacred Kingfisher
3.1 Canopy Invertebrates not Pine Striated Pardalote

Box Weebill
Pine Yellow Thornbill, Rufous

Whistler
RRG 1/2/3 Striated Thornbill
none Black-faced Cuckoo-shrike

3.2 Trunks/branches Inverts. not Pine White-throated Treecreeper
3.3 Shrub Invertebrates not Pine, RRG 1 Western Gerygone

Pine Silvereye
4.1 Ground Invertebrates Pine Yellow-rumped Thornbill

RRG 3 Australian Magpie
none White-winged Chough

4.2 Low Invertebrates RRG 1, Pine Superb Fairy Wren
RRG 2/3 Buff-rumped Thornbill
Pine, not RRG 1 Red-capped Robin
Pine Chestnut-rumped Thornbill, 

Willie Wagtail
4.3 Ground Seeds/Fruits RRG 1/2/3 Galah

Box, Pine Red-rumped Parrot
4.4 Ground Seeds/fruits 

(specialist)
Box, Pine Blue Bonnet

5.1 Wetland Animal - -
5.2 Wetland Vegetable - -

Table 9.  Habitat preferences of the more common species.
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Declining Species Present study Hobbs (1961)

Emu single record frequently recorded in state 
forests along river

Painted Button-quail two records small numbers along river 
frontages and in River Red Gum

Brown Treecreeper common resident apart from 
autumn 2000

common

Chestnut-rumped Thornbill RR increased during the 
study

very common resident, 
avoids River Red Gum

Southern Whiteface RR possibly declining common resident
Jacky Winter reporting rate steady common in River Red Gum

forests
Red-capped Robin RR increased rare resident
White-browed Babbler possibly absent in autumn/

winter. RR declined since 
spring 2000/2001

occurs in scattered colonies 
within Callitris

Varied Sittella mainly autumn, small 
numbers

rare

Crested Shrike-tit declined after 2000/2001 common resident
Rufous Whistler common bird, less so in 

winter
common resident, fewer 
during winter

Restless Flycatcher RR steady common resident
White-browed Woodswallow low reporting rate common summer visitor
Dusky Woodswallow usually absent in winter, 

except in 1999 and 2002. RR 
steady

common and widespread, 
leaves during winter

Threatened species

Superb Parrot two records (areas of forest 
typically used excluded)

common in forests between 
Mathoura and Deniliquin

Black-chinned Honeyeater two records uncommon resident in River
Red Gum along Murray as 
far west as Gulpa Island SF

Gilbert’s Whistler two records in Gulpa Island 
State Forest

only recorded in Wanganella 
district 70 km north of 
Gulpa Island 

Hooded Robin four peaks in reporting rate 
separated by zeros

Few pairs east of Deniliquin

Diamond Firetail uncommon autumn-winter 
visitor. Recorded breeding in 
Millewa and Perricoota State 
Forests in the past (D. Leslie 
pers comm.).

common in River Red Gum
habitats

Table 10.  A comparison of the reporting rates (RR) and status of declining and threatened species in the 
present study with the study of Hobbs (1961) in south-western New South Wales.
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