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CHAPTER 2 

LANDSCAPE DRIVERS AND PRESSURES ON THE MARY 
RIVER CATCHMENT  
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2.1 THE MARY CATCHMENT & OVERVIEW 

The Mary is the second largest catchment with the Burnett Mary region (9181km²). The 310km 
long main-stem river rises in the Conondale Range, near Maleny in the Sunshine Coast hinterland, 
and flows into the Great Sandy Straits at River Heads. Major urban centres are Maleny, 
Kenilworth, Cooroy, Gympie, Kilkivan, and Tiaro, all of which contribute point source inputs into the 
river system.  The Mary Catchment has several tributary creeks including Obi Obi, Yabba, Little 
Yabba, Six Mile, Amamoor, Kandanga, Tinana, Deep, Munna and Wide Bay Creeks. 
 
The Mary Catchment is privileged with respect to its unique ecological assets. It is one of only two 
rivers in the world that hosts the Queensland Lungfish (Neoceradites forsterii), a living fossil related 
to the Devonian ancestral link to land based vertebrates. By contrast with African and South 
American lungfish species, N. forsterii has retained the physical appearance of the ancestral 
species implying that stabilising selection (Ridley, 2004) may be an important ecological process 
that links this species with its landscape.  Also of interest is the Mary River Turtle (Elusor 
macrurus) that occurs only in this river. This turtle represents an ancient evolutionary lineage that 
has nearly disappeared from the Australia. Other noteworthy ecological assets are the RAMSAR 
listed wetlands of the Great Sandy Straits, which host migratory birds that travel from the Northern 
Hemisphere.  
 
Economic activities in the Mary River Catchment include dairying, beef, forestry, fishing, 
horticulture, sugar, farm forestry, tourism, retail, manufacturing, agricultural, mining (sand and 
gravel extraction), building industries, small industry and cottage arts and craft.  Gold mining 
continues to be important around Gympie.  Tourism generates significant income for some 
Regional Councils. A brief history of development of the Mary Catchment can be found on 
http://mrccc.org.au/downloads/publications/MRCCC%20fact%20sheets/History%20of%20The%20
Mary%20River.pdf. 
 
Collectively these industries put pressures on water quality in the Mary River, and its receiving 
waters (Great Sandy Straits, Hervey Bay). Sediment, total nitrogen and total phosphorus exports 
from the Mary catchment to the coastal receiving waters are estimated to be respectively 
(Kilotonne per year): 455, 1.541, 0.344 (DeRose et al., 2002).  Since European settlement, relative 
erosion rates in some sections of the Western Mary have increased 2 to 7 fold, and 4 to more than 
14 fold in the Upper Mary (Esslemont et al., 2006a). More recent estimates of sediment export, 
taking into account more detailed information on pasture cover across the Mary Catchment, give a 
similar estimate of sediment export to the coast (430-500 KT/Year) (Banti Fenti, NRW, pers 
comm.). This is significant to the environment, social and commercial values of its receiving waters 
(Hervey Bay, the Great Sandy Strait and Fraser Island) and in-stream values.  There are likely to 
be further social consequences and environmental impacts from the predicted 60% increase in 
population growth in the next 20 years (http://www.dip.qld.gov.au/population-
forecasting/population-projections.html). 
 
For the purpose of describing the influences of landscape drivers on water quality, the Mary 
Catchment has been subdivided into landscape management units for this report (Figure 2.1.). 
This is to allow the customization of conceptual models to various parts of the catchment (Chapter 
5). 
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Figure 2.1:  Landscape Management Units in the Mary Catchment 
 

Catchment Statistics 

 
Area of catchment:  9181km² Stream Length : 2079km 
Grazing:  4283km² Stream -flow:  2,300,000 ML 
Cropping:  98km² Rainfall:  700-2000mm/yr 
Irrigation  (sugar, 
crops): 217km² Regional Councils: 4 

Agricultur al 
Production: $200m gross Climate: Subtropical 

State Forests:  1134km² Population:  91,700 people 
Pine Forests : 659km² Rare & Threatened 

Species: 260 

Conservation Areas : 1818km² Landcare Groups:  8 
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Shires within the catchment 

The Mary River Catchment supports about 440,370 people (Figure 2.2) living in 3 Regional 
Councils, some on the land but mostly in urban areas, rural subdivisions, and even outside the 
catchment (http://www.dip.qld.gov.au/docs/temp/population-update-13-230508.pdf). About 91,700 
people live within the Mary Catchment itself 
(http://www.censusdata.abs.gov.au/ABSNavigation/prenav/PopularAreas?collection=census&period=2006). 
Population projections (medium series 2006-2031: http://www.dip.qld.gov.au/population-
forecasting/population-projections.html) indicate strong growth in these Regional Councils (about 
605,710 in 2021 and 714,470 in 2031).The Regional Councils are: 
 
Fraser Coast Regional Council, Gympie Regional Council, Sunshine Coast Regional Council. 
 
Small portions of the Somerset Regional Council and Moreton Bay Regional Council overlap the 
Mary River’s headwaters. The Somerset portion is largely forestry, and the Moreton Bay Portion 
largely dairy and rural residential subdivisions. 
 
In 2007 The Queensland Government amalgamated 12 shires into the current Regional Councils. 
The 12 former shires were: Caboolture, Caloundra, Kilcoy, Maroochy, Noosa, Cooloola, Kilkivan, 
Woocoo, Tiaro, Maryborough, Biggenden, Hervey Bay. 
 

 
Figure 2.2:  Population density in the Mary Catchment. 
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Water Infrastructure Development and Utilisation 

The Mary Catchment supplies water for local agriculture, urban and industrial water users as well 
as to urban users on the Sunshine Coast and within the catchment. 
 
Water storages in the Mary Catchment include 4 dams (Cedar Pocket, Borumba, Lake McDonald, 
Baroon Pocket) with a collective capacity of 115.63 GL, five weirs with a collective capacity of 
3.685 GL, and two barrages with a collective capacity of 16.47GL. These impoundments stabilise 
water supply for the two major irrigation developments in the catchment (Wigginton and Raine, 
1999); 
 

·  The Mary Valley Irrigation Project (MVIP).  This delivers about 10.7 GL per year to an 
irrigation area of 129.2 km2. The MVIP supplements flow through Yabba Creek and the 
Mary River, using Borumba Dam to supply water to users for irrigation, urban and industrial 
uses.   

·  The Lower Mary Irrigation Area (LMIA).  This delivers about 25.3 GL per year to an 
irrigation area of 191.1 km2. The LMIA is located between Maryborough and Tiaro.  Water 
is supplied from the Mary River Barrage, Teddington Weir and Tinana Barrage for irrigation 
of sugar cane, improved pasture and horticulture.  

 

Beyond these irrigation schemes, Baroon Pocket Dam provides about 2GL per year to irrigators 
and 36GL per year to urban users in Coulandra City and Maroochy Shire, and smaller allocations 
are drawn from Teddington Weir and along Deep Creek (Wigginton and Raine, 1999). Water 
supplies for towns within the Mary Catchment are obtained from local streams, usually from small 
weirs constructed to pond water to facilitate pumping. Un-supplemented water harvesting of natural 
flows from the Mary River’s tributaries occurs, and natural flows occasionally fail to meet dry 
season requirements for streams in the Western Catchments.  

 
In a scoping study to evaluate opportunities for improving water use efficiency, Wigginton and 
Raine (1999) evaluated water use in the Mary Catchment. These authors identified the main 
distributions of regulated water were to the cane sector (which held 34% of allocations), the dairy 
sector (25%), local authorities (16%), and the beef sector (13%). Horticultural production (nuts, 
small crops, and fruit) collectively used less than 5% of water allocations. Wigginton and Raine 
(1999) identified that the greatest volumetric gains in managing water demand in the Mary 
Catchment could be achieved by efficiency gains in the dairy sector.  

 
The Queensland Government announced on April 2006 its intention to build a large dam on the 
Mary River at Traveston Crossing.  The government has stated that this dam is part of a water grid 
along the Queensland East Coast, which is required to drought proof water supplies for Brisbane 
and South-east Queensland. Up to that time, there had been no direct public notification or 
consultation.  The only information available was that landholders in the dam footprint 
(approximately 900) would be notified.  This announcement was greeted with considerable public 
opposition from within the Mary Basin.   
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2.2 LANDSCAPE DRIVERS ON WATER QUALITY  

Overview of the Receiving Waters of the Great Sandy  Strait and Hervey Bay 

Estuarine and Marine wetland habitats depend on five components and processes that support 
ecosystem services (Mike Ronan, pers comm. Based on draft Ecological Character Description for 
Great Sandy Strait Ramsar site). These are: 
 

1) Passageways at the extremities of the strait, which connect riverine, estuarine, and open 
water habitats. 

2) The sheltering aspect North West of the Fraser Island. 
3) High dunes that supply fresh and ground water westward into adjacent wetlands. 
4) Estuarine and freshwater connectivity and flows, particularly from the Mary River;  
5) Transport and deposition of sediments of marine and terrestrial origin, in a tidal estuary. 

 
The extensive seagrass meadows of the Great Sandy Straits and Hervey Bay are one of the 
largest single seagrass resources on Australia’s East Coast (Lee Long et al., 1993).  The Great 
Sandy marine ecosystem is underpinned by primary production of seagrass meadows 
(http://www.epa.qld.gov.au/nature_conservation/habitats/marine_habitats/seagrass/). Seagrass 
habitat is limited by turbidity and epiphytic algae overgrowing leaf surfaces (caused by increased 
nutrient bioavailability), which shades seagrass and prevent photosynthesis (Waycott et al., 2005).  
 
The extent of seagrass cover varies. Some reports suggest that seagrasses have contracted in 
area because of major floods (e.g. Preen et. al., 2000). Campbell and McKenzie (2004) reported 
on post flood monitoring of the 1999 event, in Hervey Bay and the Great Sandy Strait, that 
recovery of deeper water seagrasses was limited by turbidity and associated high nutrient loads 
during a very active wet season (Figure 2.3). Some shallow water sub-tidal seagrass species did 
not recover. However reduced freshwater flows over the last decade have contributed to a marine 
transgression into the Burrum and Mary estuaries’. Local observation has noted seagrass 
recruitment in the lower Burrum estuary (Tim Thornton, Friends of the Burrum River System 
Group, pers. comm). Seagrass recruitment responds to changes in turbidity, nutrients, and salinity 
in Hervey Bay, Great Sandy Straits, and the Mary Estuary. 
 
The Western region of Hervey Bay has a naturally occurring hypersaline zone characteristic of an 
inverse estuary (Ribbe, 2008), which is balanced by rainfall and river discharge. The variability of 
freshwater inputs is linked to changes in the hydrographic structure of the bay, which may 
influence the marine ecosystem and fisheries of the bay. This hydrographic structure involves high 
density saline water flowing along seabed contours out of the bay (towards the edge of the 
continental shelf), below an incoming layer of less dense, seawater of normal salinity. Mechanical 
energy from tides and waves are insufficient to disrupt the density stratification that develops from 
evaporation, temperature, and freshwater fluxes during the residence time of water in the basin 
between Fraser Island and the mainland (Ribbe, 2008). 
 
The East Australian current is an important process for longshore transport of sediment along the 
continental shelf. Fraser Island is the northern extent of the South East Australian longshore 
sediment transport system, and the island deflects northerly transport of 500,000 cubic meters per 
year of sediment to the edge of the continental shelf as a “river of sand” (Boyd et al., 2004). This 
cascades off the edge of the continental shelf slightly north of Fraser Island, at about the same 
point that salinity density currents flow over the shelf (Boyd et al., 2004; Ribbe, 2008). In the 
protected bay north west of Fraser Island, estuarine muds and coastal barrier sands are deposited 
in a large tide delta between the tip of Fraser Island and Theodolite Creek (Boyd et al., 2004).  
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1999 Flood Plume 
in Hervey Bay 

Burrum 
River 

Mary River 

Defined plume 

 
 

Figure 2.3. Extent of a turbidity plume (orange line) from a large flood that entered Hervey Bay. 
The turbidity from this event extensively smothered seagrass beds (Preen et al., 2000). 

 

Tidal Drivers of Water Quality 

 
Tidal energy redistributes sediment within the Mary River estuary, which is a primary driver for the 
formation of mudflats, tidal channels, and distributary channels that cut through mangrove flats. 
Unlike the wave dominated estuaries of the Elliott, Burnett, Kolan and Baffle, the Mary Estuary is 
well protected from waves by Fraser Island, Big Woody Island, and the shallow flats of the Great 
Sandy Straits (Saintilan, 1996). Consequently the Mary River estuary has been classified as a tide 
dominated estuary, with three zones (Saintilan, 1996):  
 

1) The marine zone that terminates slightly west of Brothers Island, effectively at the EPA 
sample site at 17.7km. This zone has a variety of geomorphic units that include a wide 
inter-tidal flat, rocky inter-tidal shores (outcrops of sedimentary rocks), mid channel islands 
(the Crab Islands, Brothers Island, and shoals), and tidal creeks that dissect the tidal flats 
that are stabilized by mangroves. 
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2) The central zone of low energy where river discharge and tidal currents mix, which is 
marked by a sudden restriction in cross-sectional channel area. This zone includes all the 
EPA sample sites landward from 22.5km to the Mary River Barrage that was built in 1982 to 
prevent the intrusion of tidal saline water. This zone has one geomorphic unit of channel-
fringing flats that are usually steeply sloping and colonized by bands of mangroves. Some 
flats have been eroded by flood discharges, leading to bank slumping, but there is also 
rapid aggradation of levee banks from overbank flows that have half buried fence posts on 
adjacent farmland (McNamara, 1984). There have been observations of bank erosion 
seaward of the barrage (McNamara, 1984). Tidal barrages prevent tidal energy from being 
dispersed further landward, and the consequence of tidal barrages on estuarine 
hydrography is increased tidal range, and decreased tidal flows, with distance from the 
mouth of the estuary as has been modelled for the Burnett River Barrage (Miller, 1985). 

 
3) The river dominated zone, upstream of the Mary River Barrage. Before the Barrage was 
installed, the Mary River was tidal to an outcrop of rock bars just upstream of Tiaro, 80km 
from the mouth. This section of the estuary is now permanently freshwater. 

 
It is important to note that the tide-dominated nature of the Mary Estuary means  that  it is 
naturally turbid because of tidal re-suspension and  continuous movement of sediment  
(http://www.ozcoasts.org.au/conceptual_mods/geomorphic/tde/tde.jsp). Tidal heights were 
measured at the Urangan Storm Surge Gauging Station (station number 058009B) between July 
1981 and December 2005 (Figure 2.4). Statistically significant tidal cycles occur at 111, 106, 66, 
62, 56, 50, 36, 28, and 4 day periods. The average diurnal tidal range is 2.3m, with the maximum 
tidal range (3.8m) recorded on 9/3/2001. The highest recorded tide is 4.369m. 
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Figure 2.4:  Tidal ranges measured at the Urangan Storm Surge Gauging Station. 
 
Tidal cycles are an important driver of physical habitat in the geomorphic zones of the Mary 
Estuary, and the consequent influences on water quality as described in Chapter 3. Saintilan 
(1996) considered that unlike many sub-tropical estuaries along the South East Queensland coast 
that are mature, the Mary River estuary has an intermediate stage of development. Eventually 
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extensive deltaic mangrove environments may connect Fraser Island with the mainland (Saintilan, 
1996). 
 

Geological and Soil Drivers of Water Quality   

The regional geology is summarized with respect to Landscape Management Units (Figure 2.1) 
used for this Water Quality Improvement Plan. To assist with the development of conceptual 
models, rock-types and soil families were grouped on the basis of their potential influence on 
downstream water quality (Esslemont et. al., 2006a).  Rock-types/soil families that are statistically 
significant contributors to landscape variation are listed in tables 2.1 and 2.2 (Esslemont et. al., 
2006a).  
 
The rock-types are crystalline rocks (andesite, serpentinite, quartz-bearing intrusive rocks) that 
predominantly occur in the headwater sections, and sedimentary rocks the predominantly occur in 
the downstream sections. 
 

Landscape 
Management 

Unit 

Andesite 
Basement 

Metamorphic 
serpentine 
basement 

Quartz -
bearing 

intrusive 
basement 

Sedimentary 
Rock: 

Cainozoic 
coastal 

Sedimentary 
Rock: 

Cainozoic 
terrestrial 

Sedimentary 
Rock 

Upper Mary 6 6 16 0 8 34 
Western Mary 13 4 27 0 10 38 
Tinana Creek 1 0 0 0 32 56 
Lower Mary 10 0 3 0 20 54 
Mary Estuary 0 0 0 7 46 34 

Table 2.1:  Percent coverage of geological basement in the Water Quality Improvement Plan 
subsections. 
 
Crystalline basement rocks (andesites, quartz-bearing intrusives) contribute to watershed function 
by the development of coarse sediments and river gravel that conduct groundwater into spring-fed 
and ephemeral streams. Denitrification processes occur during under-gravel flow. Quartz and 
feldspar grains contribute to loam soil structure, which assists with water infiltration into the soils of 
catchment headwaters. Kaolin clays derived from these crystalline rocks have an anion exchange 
capacity that binds phosphorus, and may have sodic properties that make them prone to erosion 
and easily dispersed by wetting.  
 
Serpentine basement rocks are soft and easily eroded, so are down-cut by mechanical erosion that 
contributes to landscape topography. These rocks are prone to chemical weathering, and their 
calcium and magnesium rich composition directly influences the magnesium hardness, alkalinity, 
and bicarbonate buffering properties of water in the Mary Catchment. 
 
Sedimentary basement rocks have aquifer potential. Some geologically young basement rocks that 
were deposited in the coastal zone during the Cainozoic, and include estuarine and shallow marine 
sediments, may host acid sulfate soils.  
 
Soils of the Mary Catchment that have medium to high erosion hazard are sodosols, tenosols, 
kandosols, and dermosols. Tenosols on shallowly sloping hills tend to be left as native vegetation, 
so usually don’t contribute significantly to sediment and nutrient loads in streams. However if 
disturbed, these soils can contribute substantially to nutrient loads in streams. Hydrosols have 
moderate to high erosion hazard, but occur on low points in the landscape so tend to remain in-
situ. Ferrosols have low erosion hazard, but are often tilled for agriculture that greatly increases 
their erosion risk. 
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Landscape 
Management Unit Dermosols Ferrosols Hydrosols Kandosols Sodosols Tenosols 
Upper Mary 19 18 0 4 3 27 
Western Mary 22 8 0 0 17 42 
Lower Mary 12 1 3 9 30 17 
Tinana Creek 8 2 4 48 17 8 
Mary Estuary 11 0 34 8 27 0 

Table 2.2:  Percent abundance of soil families in the Water Quality Improvement Plan subsections. 
 
Soils with high salinity hazard include sodosols, and hydrosols. Because hydrosols act as sumps 
they can contain abundant salt, and are often associated with salinity in coastal areas. Ferrosols 
carry salinized groundwater because they function as groundwater recharge zones, and salinity 
outbreaks can occur at the edges of ferrosols.  
 
Soils that can contribute to nutrient leaching include dermosols, and ferrosols due to the same 
recharge properties that carry salts. Hydrosols are sumps that accumulate nutrients.  Low nutrient 
loads are normally expected from kandosols, but if fertilizers are applied they have high nutrient 
leaching risk. 
 
The Mary River Valley contains fertile alluvial soils that deserve mention because of their 
agricultural importance, their vulnerability to bank erosion, and because they are important 
floodplain sinks for phosphorus rich clays carried downstream from the fertile Maleny Basalts. 
These are geologically young soils deposited during floods under the control of three major 
constrictions: 
 

• upstream of Kenilworth, between Camboon Bridge and Walli Creek confluence, where the 
river flows from a broad valley developed over the Neurum Tonalite to a narrower valley 
cutting through the more resistant Amamoor Beds. 

• downstream of Kenilworth, at Moy Pocket, where the river course is confined by the 
Kenilworth Bluffs. 

• downstream of Gympie, at Fishermans Pocket, where the river flows into a gorge through 
the Myrtle Creek Sandstone.  This constriction affects hydraulic conditions in the vicinity of 
Gympie. 

 
Bridges et al., 1990 mapped Mary River valley soils between Gympie and Kenilworth.  They 
mapped an alluvial bench within the present high flow channel as well as 3 main terrace levels with 
distinctly different suites of soils. 

• alluvial benches within high flow channel (1-7m above bed level) 

• low terrace/present floodplain (8-12m above bed level) 

• intermediate terrace (15-20m above bed level) 

• high terrace 
 
Alluvial soils associated with the ancestral Mary River were deposited during the late Pliocene and 
Pliestocene along the present river course; a broad, older outer valley, within which is a narrow, 
younger inner valley (Bridges et al., 1990). The older valley contains a high terrace cut into country 
rock, hosting alluvial sediments with sesquioxide properties that have been lateritized. There are 
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also intermediate alluvial terraces featuring shallow back-channel depressions, and small levees 
along the back channels. These intermediate terraces are overtopped by floods every 15 years, 
and are slowly accumulating topsoil within the confines of the high terrace. The younger valley was 
possibly initiated during the Pliestocene, by downcutting associated with low sea levels. This river 
valley has subsequently been filled with some 50m of alluvia to form the present riverbed (Bridges 
et al., 1990). This valley is bounded by low floodplain terraces, levee banks, and in places narrow 
benches adjacent to the current stream bed formed by flood alluvium or bank slumping. These 
levees are overtopped by floods every 10 years (Bridges et al., 1990). 
  

Climate Controls on Water Quality 

The coastal and southern ranges of the Mary Catchment have a moist sub-tropical climate, and the 
Western Mary Management Unit is dry sub-tropical. Mean annual rainfall ranges from around 
2,000mm in the headwaters of the Upper Mary Management Unit, to less than 800mm in the 
Western Mary Management Unit. The Mary Catchment receives high intensity summer rains 
associated with tropical lows and cyclones that promote stormwater activity. The catchment also 
receives southern winter rainfall patterns of lesser magnitude. Rainfall varies considerably from 
year to year.   
 
River flow is the key natural driver of fluvial geomorphic processes within the Mary catchment, 
because it is the source of kinetic energy that determines channel structure.  Flow also affects 
riparian and aquatic vegetation, which in turn has geomorphic implications by affecting hydraulic 
roughness and the resistance to erosion of river beds and banks.   
 
The oldest continuously recording stream gauge in the lower Mary has recorded between 122,000 
and 4,665,000ML per year. The contribution of discharge from catchment streams is listed in table 
2.3.  
 
Stream  Catchment Area  (square km)  Mean Annual  Discharge (ML)  
Mary River 9595 2,309,000 
Tinana Creek 1310 313,000 
Munna Creek 1475 296,000 
Wide Bay Creek 775 86,000 
Obi Obi Creek 202 156,000 
Table 2.3:  Estimates of mean annual discharge for major catchment streams 

Topographic Controls on River and Reach structures that influence Water Quality.   

 
There are significant topographic differences between the east- and west-bank tributaries of the 
Mary River, influenced by the underlying geology and weathering regimes described in the 
previous 2 sections. The Upper Mary and the Western Mary landscape management units have 
tributaries characterised by high energy flows, particularly down the mountain valleys. In the Upper 
Mary, Obi Obi Creek is a distinctive, high relief catchment falling steeply from a plateau of Tertiary 
volcanic rock. Six Mile Creek and Deep Creek contain younger rocks with lower relief.   
 
The upper reaches are the steepest (Table 2.4) and the Mary River gradient shows a general 
downstream decrease to below Glastonbury Creek, where the gradient becomes steeper again 
before flattening out in the tidal area.  Before construction of the Mary Barrage, the natural tidal 
limit was a rock bar upstream of Tiaro at AMTD 84km. 
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Landscape Management 
Units 

Average topography 
(m above sea level)  

Minimum topography 
(m above sea level)  

Relief contrast 
(metres)  

Upper Mary Management 
Unit 

261 28 835 

Lower Mary Management 
Unit 

76 10 477 

Munna Creek 172 17 692 
Wide Bay Creek 222 40 662 
Widgee, Glastonbury, Pig 
and Calico Creeks 

187 32 673 

Tinana Management Unit 66 10 473 
Mary Estuary Management 
Unit 

16 0 81 

Table 2.4:  Topographic features of the Water Quality Improvement Plan subsections. 
 
The river’s capacity to transport sediment via its discharge potential, coupled with the catchment’s 
capacity to supply sediment to the river, change at different nodes of the river. The resultant fluvial 
geomorphology has been described as 47 definable river reaches  
(http://mrccc.org.au/downloads/publications/Mary%20River%20&%20tributaries%20Rehabilitation
%20Plan/Figure%205.5%20Reach%20Prioritisation%20A4%20map.pdf), each with a distinctive 
“Riverstyle” structure based on valley confinement, bed-form, riparian and bank structure 
(http://mrccc.org.au/downloads/publications/Mary%20River%20&%20tributaries%20Rehabilitation  
%20Plan/Appendix%201%20-%20Reach%20Summary%20Sheets.pdf). To have a workable 
spatial framework it is useful to consider these reaches in the context of landscape patches (e.g. 
Landscape Management Units for the purpose of this report) that exert definable landscape drivers 
on sediment supply and discharge.   
 
Geomorphic variables at the management section scale (upstream catchment area, site elevation) 
influence variables (discharge, water chemistry) that more directly influence physical habitats at the 
sub-reach scale. Mackay et. al. (2003) showed that decreased site elevation in streams that drain 
the Western Mary and Upper Mary Management Units’ varied directly with increased water velocity 
and discharge, and inversely with the “flashiness” of stream flow.  Water chemistry in these 
streams also varied with site elevation (Mackay et. al., 2003). The topographic controls on stream 
hydrology and water chemistry across the western subsections of the Mary Catchment underpin 
the community structure of submersed macrophytes (specifically different abundances of 
Myriophyllum verrucosm, Vallisnera nana and Potamogeton crispus).  

2.3 LANDSCAPE PRESSURES ON WATER QUALITY  

Water Infrastructure Pressures on Water Quality 

 
Water storages are essential for the economic viability of the region, but altered flow regimes affect 
riverine hydrology putting pressure on riverine flora (e.g aquatic plant community structures, as 
described by Mackay et al., 2003) and fauna (e.g. fish community structures, as described by 
Kennard et al., 1998).  
 

Un-supplemented extraction, for example in the ephemeral (flashy) streams draining the Western 
Mary headwaters, is highly relevant to habitat conditions because hydraulic habitats are changed 
by unnatural reductions of base-flow, or cessation of base-flow if pools are pumped dry. These 
pools are critical refuge habitats for water dependent biota during extended dry periods.  Pump 
pool excavation accompanies un-supplemented extraction in some streams, causing local changes 
to the physical structure of the channel and potentially increased sediment mobility. 
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Impoundments create still-water habitats where floating aquatic weeds transported from upstream 
accumulate. Water hyacinth (Eichornia crassipes) and Salvinia (Salvinia molesta) have been 
recorded as problems above the Maryborough Barrage (Steve Burgess, MRCCC; pers. comm.).  
The barrage has a functioning vertical slot fish ladder design (Stuart and Berghuis, 2002), but there 
is opinion that several fish species cannot use it because of the influence of the floating weed mat 
(Mary River Study Task Force, 1992). Siltation and bank erosion are also a problem resulting from 
altered hydrology resulting from impoundments (McNamara, 1984). Impoundments are also known 
to promote bank erosion in regulated rivers (Tilleard et. al., 1994), particularly when soils are 
erodable and easily undercut by the uniform water levels usually associated with weir levels and 
supplementary flow releases. 
 
Flow strategies being utilised in 1998 by managers of storages included: 

• Borumba Dam passes on 20th Percentile flows. 

• There were no specific releases at the Maryborough Barrage. It generally overflows 300 out 
of 365 days which equates to 2.5Million ML/yr. 

• Supplementary flows from Lake Baroon and Borumba Dam to service downstream 
irrigators. 

• no specific action or strategies exist for the Weirs in Tinana Creek and Cedar Pocket. 
 
The proposed Traveston Dam will substantially influence the flow regime of the Mary River. At the 
time of this report there was no publicly available information about the resource operations of this 
dam with respect to environmental flows. Those opposing the building of the dam believe that the 
dam will: 

• Adversely impact on environmental flows along the Mary River, a system which discharges 
into the Great Sandy World Heritage area and the Great Sandy Straits declared RAMSAR 
wetland area. 

• Adversely impact upon the Hervey Bay marine area and Fraser Island, a World Heritage 
area. 

• Destroy habitat for rare and threatened species (Australian Lungfish, Mary River turtle). 

• Destroy 76 km2 of prime agricultural, income producing farmland close to major population 
centres and force the relocation of businesses and families from the Mary Valley. 

Current Land Use  

Land-uses are summarised with respect to landscape management units (Table 2.5, Figure 2.5). 
Grazing predominates in the drier Western Mary Management Unit, and utilises 42% of the land 
area of the Mary catchment.  High rainfall areas to the south and east host the majority of 
residential development, horticulture, and intensive livestock.  Forestry and nature conservation, 
each of which occupies 18% of the catchment, are the second largest land uses, with intensive 
anthropogenic uses (residential, manufacturing, services, waste treatment, transport, and services) 
occupying 13% of the catchment area. Intensive livestock and irrigated cropping each occupy 3% 
of the Mary catchment area. 
 
Johnston and Wylie (1984) revealed a relationship associating tree clearing with stream salinity 
and the occurrence of dieback in riparian Eucalyptus and Casuarina species.  Bevege and 
Simpson (1981, cited in Lamb 1986) found that native vegetation cleared from poorly drained 
humic gleys led to the death of young roots caused by salinity associated with rising water tables.   
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Landscape 
Management Unit 

Intensive  
anthropogeni
c 

Intensive  
livestock Grazing Marsh/wetland Aquatic 

Upper Mary 17 6 31 0 1 
Western Mary 6 2 68 0 1 
Lower Mary 19 3 44 0 2 
Tinana Creek 5 1 15 0 1 
Estuary 20 0 31 5 3 

Landscape 
Management Unit 

Vegetable & 
fruit crops 

Irrigated 
cropping 

Nature 
conservation Pine forestry Forestry 

Upper Mary 1 0 24 4 15 
Western Mary 0 2 14 2 6 
Lower Mary 1 3 7 0 21 
Tinana Creek 2 5 22 39 10 
Estuary 0 10 23 6 0 

Table 2.5: Landuse distribution among management units in the Mary Catchment. 
 
Forests cleared from steep slopes greatly increase the potential for mass movement.  Landslides 
occur particularly in the Dagun, Cedar Pocket and Beenham Valley localities.  A slip directly above 
the Cedar Pocket Dam site contributed significant amounts of sediment to the waterway. Ciesiolka 
et al., (1995) demonstrated the hazards associated with poor land management practices by 
pineapple farms on steep slopes in the middle catchment.  They showed that soil erosion by rilling 
in experimental plots increased four times when the row length was increased from 12 to 22m on 
slopes of 38%.  During the wet 1998/99 experimental period, this was a soil loss of 178 tonnes per 
ha.  The potential for these sediments to be attenuated and enter creeks and rivers will depend on 
their proximity to the waterway and the capacity of the landscape to retain sediments on alluvial 
fans and floodplains. 
 
Plant detritus and dissolved organic matter 
(black-water) enters tributaries of the Mary 
River, where it rots in the water column and 
consumes dissolved oxygen and soluble 
nutrients as a function of bacterial activity. 
The type and amount of carbon washed into 
waterways controls the rate of oxygen 
drawdown during black-water events that 
cause fish kills. Because the carbon from 
pasture grassland and sugar-cane is more 
immediately bio-available than carbon from 
eucalyptus forest, parts of the agricultural 
landscape potentially “fast feed” rivers with 
carbon, particularly in ephemeral rivers or 
regulated sections of river when un-
seasonal flows are used to satisfy 
downstream demand. This may leads to 
pressures related to excessive 
decomposition rates in the water column 
and faster nutrient turnover (Esslemont et al., 2007).  

 
Concentrated human additions of nutrients into the Mary also come from treated sewage, 
particularly from 2 main point sources (Maryborough STP at Aubinville, Gympie STP). There are 
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some inputs from other STP’s, and also the risk of land based disposal ponds overflowing during 
high rainfall events (Table 2.6). 
 
Table 2.6 Sewage Management in the Mary WQIP region .  

Management 
Unit 

STP Lat Long 

2007-08 
Total 

Discharge 
(ML) 

2007-08 N 
in 

discharge 
(metric 
tons) 

2007-08 P in 
discharge 

(metric tons)  

Estuary Aubinville -25.5189 152.7247 2089 88 * 19 * 
Lower Mary Gympie -26.1830 152.6670 1321 24** 15** 
Western Mary Kilkivan -26.0830 152.2500 922 - - 
Western Mary Goomeri -26.1769 152.0684 748 - - 
Great Sandy 
Straits 

Cooloola 
Cove -25.9942 152.9976 294 4** 4.9** 

Great Sandy 
Straits Tin Can Bay -25.9196 152.9896 

375 3.5** 4.8** 

Great Sandy 
Straits 

Rainbow 
Beach -25.8664 153.0678 

118 1.9** 2.4** 

Lower Mary Imbil -26.4346 152.6850 0.598 0.015** 0.023** 
Upper Mary Cooroy -26.4170 152.9170     
Upper Mary Kenilworth -26.5820 152.7390     
Upper Mary Maleny -26.7670 158.8500       

Management 
Unit 

STP % land 
disposal 

Treatment 
level 

Number of 
sewer 

connections  

Connected 
Population  

Approximate 
number of 

Septics 

Estuary Aubinville 44 Secondary 9,549 27,211 2,000 
Lower Mary Gympie 13 Secondary 6,703 18,700 ? 
Western Mary Kilkivan 0 Primary 242 580 ? 
Western Mary Goomeri 71 Primary 346 830 ? 
Great Sandy 
Straits 

Cooloola 
Cove 0 Primary 

2,075 3,735 
? 

Great Sandy 
Straits Tin Can Bay 0 Primary 

1,382 3,317 
? 

Great Sandy 
Straits 

Rainbow 
Beach 0 Primary 

1,192 2,384 
? 

Lower Mary Imbil 100 Secondary 240  ? 
Upper Mary Cooroy       
Upper Mary Kenilworth       
Upper Mary Maleny           
* Kjeldahl digestion (values will potentially be higher than for per-sulfate digestion). 
** Persulfate  digestion 

 
Urban landscapes have direct influences on fringing reefs and near-shore habitats of the Marine 
receiving waters of Hervey Bay, as discharges from the Burrum (Eli Creek, Tuan Tuan Creek, 
Pulgul Creek) and Mary catchments. Adverse influences include: 
 

·  Activation of acid sulfate soils, resulting from cleared land and constructed lakes (e.g. Eli 
Creek in Hervey Bay). Acid sulfate risk areas are shown in figure 2.9. 

·  More intense stormwater delivery onto fringing reefs (e.g. Tuan Tuan Creek in Hervey Bay). 
This has resulted from clearing of wetlands, installation of drains, and channelisation of 
stormwater.  
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·  Less interception of nutrients entering streams via groundwater seeps. This has resulted 
from loss of riparian buffer strips. 

·  High nutrient loads resulting from sewage effluent, through septic tank leachate or STP 
discharges.  

·  Environmental hazards resulting from industrial effluent (e.g. Pulgul Creek). 
 

 
Figure 2.5:  Landuses in the Mary Catchment. 
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HERBICIDE AND PESTICIDE PRESSURES ON WATER QUALITY 

There are threshold concentrations with respect to herbicides and pesticides in waterways, which 
need to be observed to maintain water quality consistent with environmental values and water 
quality objectives (Queensland Environmental Protection Agency, 2004) or the environmental 
guidelines (ANZECC and ARMCANZ, 2000; Queensland Environmental Protection Agency 2006; 
Great Barrier Reef Marine Park Authority, 2008). 
 
Several landuses apply herbicides and pesticides, and are possible sources for off-site movement 
of these compounds. These landuses include cropping, forestry, residential, services, transport, 
and harbours. Several local studies have investigated the risk of herbicides and pesticides moving 
from cane farms (Simpson at. al., 2000; Simpson et al., 2001; Stork et al., 2006). Simpson et al., 
2000 measured the days after application for 50% of the herbicide to be dissipated by ultra-violet 
or microbial breakdown (DT50), which is the period when there is a risk of rainfall events mobilising 
herbicides into waterways. Most risk periods were 0.5 to 3 weeks after application (Simpson et al., 
2001), varying with season, soil type and farming practice (Table 2.7). The dissipation rate of 
atrazine varies between 1 day and 27.5 days (under very dry conditions), with a median period of 
3.5 days in surface soil. Diuron is relatively persistent, with DT50’s ranging between 6.5 - >250 days, 
with the average dissipation rate on agricultural soils found in the Lower Mary Irrigation Area being 
12 days (Simpson et al., 2001).  
 
    Atrazine  Diuron Ametryn Trifluralin Chlorpyrifos  2,4D 
Yellow chromosol Spring - - - - - - 
  Summer 2.5 13 4 5 - - 
Grey kandosol Spring 13 - - - - - 
  Summer 3 6.5-15.5 3.5 - - - 
Redoxic Hydrosol Spring 27.5 - - - 4 1.8 
  Summer 2.5  - 2 22.5 - - 

 Data after Simpson et al., (2000). - signifies tha t no data were collected. 
Table 2.7:  Dissipation Rates (DT50's in days) for pesticides in surface (<2.5cm deep) soils. 
 
Stork et al., (2006) measured runoff of diuron and its metabolic breakdown products over two 
rainfall events (each were about 50mm) from a sugarcane farm. Results were 7g/ha for diuron, 46 
g/ha for 3,4-dichloromethylphenylurea (DCMPU), and 1 g/ha for 3,4-dichlorophenylurea (DCPU). In 
the surface sediments of a stream, Stork et al., (2006) measured about 99 g/ha for diuron, 132 
g/ha for DCMPU and 23 g/ha for DCPU. Based on these observations, these authors contended 
that diuron and its breakdown products are accumulating in some waterways. 
 
Recent studies have detected low herbicide concentrations in Tinana Creek, Lower Mary River, the 
Mary River Estuary, and the marine environments of Hervey Bay and the Great Sandy Straits 
(McMahon et al., 2005; Burnett Mary Regional Group, unpublished data). McMahon et al., (2005) 
identified that surface water concentrations of diuron, atrazine, simazine, tebuthiuron, and ametryn 
were higher during moderate flows than during low river flows.  
 

PRESSURES RELATED TO SEDIMENT DELIVERY TO THE MARY RIVER 

 
Pressures related to sediment processes include habitat alteration such as bank erosion and 
aggradation of stream beds in the Mary River (Johnson, 1997), and smothering of seagrass habitat 
in Hervey Bay (discussed in section 2.2) 
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Miva (NRW Gauge 131001A) 
Average annual load (1982-2002) transported from the 4755km2 upstream area  
= 0.24 T/Ha/year
Average annual load = 112 Kilotons
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Dagun (NRW Gauge 138109A) 
Average annual load (1982-2002) transported from the 2097km2 upstream 
area = 0.15 T/Ha/year
Average annual load = 31.6 Kilotons
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Long term records of total suspended sediments and discharge, measured by Queensland 
Department of Natural Resources and Water (NRW) gauges’, were used to very roughly compare 
sediment loads at different parts of the catchment. It is important to note that suspended sediment 
concentrations were not measured for all major runoff events, so this procedure cannot calculate 
true loads. It provides an estimate, which may be an underestimate because of lack of data. 
 
Because apparent sedimentation rates vary as a function of time (Schlager et al., 1998), data of a 
consistent period from each gauge (1982-2002) and a standardised time unit (weekly loads) were 
represented. Calculations were done by the inter-sample mean concentration procedure, using 
software developed by the Queensland EPA (Marsh et al, 2006). Gauges used were Miva (NRW 
Gauge 138001A) to represent the Lower Mary Management Unit, Marodian (NRW Gauge 
138004A) to represent Munna Creek (a creek in the Western Mary Management Unit), Bauple East 
(NRW Gauge 138903A) in the Tinana Creek Management Unit, and Dagun Pocket (NRW Gauge 
138109A) in the Upper Mary Management Unit. Long term load calculations are shown in Figure 
2.6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6.  Projected suspended sediment loads calculated from existing discharge and sediment 
records from the Mary River.  
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Marodian (NRW Gauge 138004A) 
Average annual load (1982-2002) transported from the 990km2 upstream area  
= 0.021 T/Ha/year
Average annual load = 2.05 Kilotons
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Bauple East (NRW Gauge 138903A)
Average annual load (1982-2002) tranported from the 783km2 upstream area  
= 0.03 T/Ha/year
Average annual load = 2.23 Kilotons
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Figure 2.6 (continued).  Projected suspended sediment loads calculated from existing discharge 
and sediment records from the Mary River. 
 
Because of the gaps in existing records of sediment loads and available landscape information, 
projections modelled by SedNet and other predictive models provide practical estimates of 
sediment and nutrient mobilisation through a catchment. Sednet modelling identified sections of 
the Mary Catchment that potentially deliver the greatest sediment load to the river, due to 
predisposing landscape characteristics of topography, soils, landscape cover and rainfall intensity 
(Esslemont et al., 2006a). The Upper Mary Management Unit has the greatest potential for 
sediment delivery to the river network. (Figure 2.7). 
 
Several projects have commenced in the Mary River to address sediment delivery to the river 
(Mary River Catchment Coordinating Committee’s Rivercare project, Grazing Land Management 
project). Projected improvements resulting from these projects were modeled by SedNet 
(Esslemont et al., 2006b), and projections are discussed in chapter 3 of this report.  
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Figure 2.7. SedNet Modelled Loads (T/ha/year) generated from the landscape (left map), delivered to the stream system (centre map), 
and delivered to the coast (right map). The modelling and maps were done by B. Fentie, Queensland Natural Resources and Water. 



 

Mary Catchment Water Quality Improvement Plan 
 - 37 - 

SALINITY HAZARD 

 
Salinity pressures result from land-uses that cause groundwater tables to rise to the soil surface, 
carrying salt into streams via groundwater seeps. This in turn limits vegetative cover where salinity 
scalds become established, and bare ground contributes to landscape erosion. High salinity 
hazard areas in the Tinana Creek Management Unit are mostly under forest where deep-rooted 
vegetation under eucalyptus and pine stands are maintained, avoiding the risk of rising 
groundwater tables. However there is a risk of salinization in medium salinity hazard areas where 
there is clear-felling, or where irrigation practices bring groundwater to the surface. Examples 
include land under irrigated cropping, agriculture, and grazing near Maryborough (the Mary 
Estuary Section), and under cropping near Gympie (the Lower Mary Section). If irrigation is 
allowed to percolate into the groundwater table of catena landscapes, salinity outbreaks can occur 
down-slope via groundwater seeps into drainages. Wastewater derived from some sewage can 
carry residual salt from the treatment process so, depending on irrigation practices, wastewater 
reuse carries a risk of localised salinity problems. 
 
Salinity hazard (Figure 2.8) is summarised in the Landscape Management Units used in this report 
(Table 2.8). 
 

Landscape 
Management Unit 

Low Salinity 
Hazard 

Low - Medium  
Salinity 
Hazard 

Medium 
Salinity 
Hazard 

Medium - High 
Salinity 
Hazard 

High 
Salinity 
Hazard 

Upper Mary  44 21 21 11 2 
Western Mary 31 21 33 13 2 
Lower Mary 10 10 36 37 8 

Tinana Creek 4 2 17 50 26 
Mary Estuary 2 1 19 47 19 

Table 2.8:  Salinity hazard coverage (% of the management section) within Water Quality 
Improvement Plan subsections. 
 
There are 6 water types with respect to salt composition in the Mary Catchment (Lee Young, 
1994), and each Landscape Management Unit has a distinctive combination of sodium chloride, 
calcium sulfate, and magnesium bicarbonate salts in surface water streams. Lee Young 
highlighted the influence of geology and other landscape controls on salt composition, and 
importantly on the relatively high conductivity waters (924 - 1217 mS/cm at 25oC) rich in 
magnesium and calcium bicarbonate in the Western Mary. These waters are unsuitable for 
irrigating salt intolerant crops, and have limited suitability for human consumption, but the water 
can be used to water stock. These landscape drivers mean that there is a need to address salinity 
hazard in the Western Mary Management Unit, to maintain the nominated environmental values for 
these waters (chapter 4). Hard waters also occur in the Upper Mary section, sourced from 
Kandanga Creek (393 - 404 mS/cm at 25oC), but these waters are suitable for all purposes 
because of lower salinity. The Tinana section has low salinity surface water dominated by sodium 
chloride (340 mS/cm at 25oC). The Lower Mary section also has relatively low salinity water (393 
mS/cm at 25oC) of mixed composition. 
 
Possibly a little unusually, the marine receiving waters of Hervey Bay and the Great Sandy Straits 
are also a salinity hazard zone, because the evaporation in the basin between Fraser Island and 
the mainland results in periodic hyper-salinity (Ribbe, 2008). Hyper-saline density currents exit 
Hervey Bay along seabed contours, eventually flowing off the edge of the continental shelf (Ribbe, 
2008). Water demands associated with high population growth have led to consideration of 
desalination. Desalination carries the risk of adverse ecological outcomes, because hyper-saline 
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water cannot be disposed of in this estuary without risk (or at least careful consideration of where 
outlet pipes are placed with respect to salinity driven circulation processes, to circumvent this risk). 
The risks of desalination plants are well known (Einav, et al., 2002), and include groundwater 
contamination when pipelines carrying seawater or brine are laid above an aquifer (because these 
pipes invariably burst), salinity plumes in the vicinity of the discharge pipe (which requires 
dispersive wave action to dissipate the brines), and the actual placement of discharge pipes in 
sensitive marine communities such as the Great Sandy Straits Marine Park. 
 

 
 

Figure 2.8: Salinity Hazard in the Mary Catchment. 



 

Mary Catchment Water Quality Improvement Plan 
 - 39 - 

Acid Sulfate Soils 

 
Acid sulfate soils can potentially occur in marine sediments deposited up to 5 meters above the 
present sea-level in the Mary Estuary (Figure 2.9), and more likely less than 3 metres a.s.l. 
because of the stability of the Queensland shoreline during the Holocene (Ward, Little and 
Thompson, 1979). The highest sea level in Queensland is 3m a.s.l, recorded by a preserved beach 
ridge at Rainbow Beach (Ward, Little and Thompson, 1979). Potential acid sulfate soils are 
commonly activated where groundwater tables have been drained for urban and agricultural 
development, becoming activated when the soil mineral pyrite is consequently oxidized. After 
rainfall, recharged groundwater tables seep into rivers and estuaries, transporting associated acid 
and heavy metals into these receiving waters. 
 
In the Mary Estuary, acid sulfate risks occur mainly in association with cane horticulture or 
urbanization near Maryborough, although the current growth of 0.4% in Maryborough is modest 
relative to the 5% growth rate in Hervey Bay (Queensland Government, 2007).  
 

 
 
FIGURE 2.9: Acid Sulfate Risk in the in the Estuary Section (B) of the Mary River Catchment (A). 
 


