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FIGURE 1.1 The location of the Bremer River catchment on the south-coast of Western 
Australia. 
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FIGURE 1.2 The Bremer river catchment consists of the Wellstead Estuary, the Bremer river, 
Devils Creek and associated tributaries. 
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1.2.2 Land management practices. 

A total of 57 fanns with an average size of 1167 hectares are located within, or 

partially within, the Bremer River Catchment. The area was opened up in the late 1950s 

to agriculture under a combination of war service settlement and conditional purchase 

land arrangements (T. Overhue. Agriculture Westem.Australia. pers. comm.). 

Three main crops are grown within the Bremer River Catchment. To the far 

north wheat is grown while barley is the main crop in the south. Canota occurs to the 

extreme south (R. Morris, Agriculture Western Australia, pers. comm.) where rainfall 

can sustain the crop. Sheep are grazed throughout most of the catchment with some 

cattle grazing to the extreme south. Cultivation techniques today are primarily minimwn 

or zero tillage with only a few fanners practicing conventional tillage methods (R. 

Williaros, pers. comm.). Tillage technique changes have been adopted as a form of land 

rehabilitation and are seen as a step towards agricultural sustainability. 

Secondary salinity, caused by rising water tables, water quality degradation and 

wind erosion are the environmental degradation issues of major concern amongst 

landowners within the catchrr ent (T.Overhue, Agriculture Western Australia, pers. 

comm.). Attempts at reducing the impact of these degradive impacts have been 

addressed via several attempts at land rehabilitation. Rehabilitation has mainly taken the 

form of revegetation and attempts at alternative forms of fanning (eg alley farming). The 

success of rehabilitation in reducing the various components of catchment degradation is 

at this stage unknown mainly due to the lack of knowledge on the effects of the practice 

on the catchment. 

1.3 Objective of the Study. 

The purpose of this study was to model the effects of rehabilitation and changed 

land management practice within the Bremer River Catchment. A Geographical 

Information Systems approach integrated existing information on the catchment and new 

information, attained via analysis of the GIS database, to obtain catchment-wide statistics 

for the purpose of modelling. 

Field studies were undertaken to quantify the impact of the three common land. 

manggement practices (ic. minimum I zero tillage, vegetation rehabilitation and remnant - ----- ______ ____,. 
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vegetation) on the catchment. This was achieved by sampling aspects of the water quality 

from surface flow of these various practices. The data collected were extrapolated to 

define the potential catchment wide impact of each practice. 

Using infonnation obtained from the GIS database, modelling of the extrapolated 

data was undertaken to predict the status of the catchment under current land 

management practices and different scenarios for future land management practices. 

1.4 The Researcb Approach 

A catchment, for the purposes of this study, is best defmed as " .... a naturally 

occuning ecosystem with defmable boundaries based on surface and! or ground-water 

systems. All environmental processes are linked. Water and its movement is the prime 

vehicle linking the environmental processes - the ecology of the estuary, river and land 

are interconnected" (Wallis and Robinson, 1992. p. 15). In this sense any holistic study 

of a catchment must account for all the physical variations and cultural impacts apparent 

within the confmes of the catchment. 

Surface runoff and the on and off site effects of erosion, sedimentation, nutrient 

and chemical transport are all effected by the spatial variability of soils, topography, land 

cover and land use, climate, and several human-induced changes and management 

practices. Surface runoff is therefore often at the core of non-point source water quality 

concerns (Vieux, 1993). Accurate assessment and modelling of these processes must 

allow for the inherent variability of the catchment (Vieux, 1993). To enable an accurate 

assessment and modelling of non-point source pollUtion simplifications of spatial 

variation are required. One way to do this involves a "lumped parameters approach" 

(Engel, Srinivasan and Rewerts, 1993. p. 231) which uses" .... an averaging technique to 

approximate characteristics of each parameter" (Engel, et a!. 1993. p.231). In 

demonstration of this technique Huggins (cited in Engel, et all993. p .231) claims that a 

magnitude of error stemming from such approximations was bound to be introduced due 

to the fact that the calculation could not account for all spatial variations (parameters) 

within the catchment boundary. This study has attempted to narrow down the effects of 

spatial variation via a new approach, the Zone approach. This approach involved the 

identification of zones of similarity via the analysis and interpretations of a series of 
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physical catchment attributes using a Geographical Information System (GIS). 

Simplification of whole systems inevitably involves a degree of error but this was 

reduced by dividing the catchment into a number of distinct, separable zones. The GIS 

was seen as a convenient and well slfUctured database for handling the large quantities of 

spatial data needed to allow analysis and identification of relationships and interactions 

within the catchment. 

1.4,1 Aquatic study vs runoff study. 

Cullen and Lake (1995, p. 115) claim that " ... the quality of water in a river is an 

ideal performance indicator for the health of a catchment." Poor river water quality (ie 

high nutrient levels, high rates of sedimentation) can indicate poor land management in 

the catchment whereas good river water quality may represent the opposite. 

Unforrunately many river systems on the south-coast of Western Australia are either 

seasonal, flowing during winter when most rainfall occurs, or ephemeral, flowing only 

when rainfall is above average. Thus the impact of land uses on river health may be 

extreme; representing an accumulation of the effects of land use activities over many 

years. 

As identified by Hodgkin and Clark (1988, p. 29) the Wellstead Estuary shows a 

possible decline in health primarily due to the accumulation of non-point source pollution 

from the catchment following episodic flooding of the river. This study did not attempt 

to further quantify the health of the actual river or estuary based on biological health or 

nutrient levels, rather it aimed to identify the land management practices that were the 

potential non-point sources of their degradation. To achieve this, the study focused on 

sampling the main transportation mechanism of soluble chemicals and sediment through 

the catchment between river flow events, namely runoff. 

1.4.2 Soil processes and runoff 

Chemical, physical and biological soil processes are known to affect water 

quality. Physical processes, including soil compaction, crusting and accelerated erosion, 

occur when there is a decline in soil structure with resultant decrease in water infiltration 

rates and a increase in surface runoff (La! & Stewart, 1994). Surface runoff and soil 
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erosion enhance both the transport of dissolved chemicals and sediment borne pollutants 

into natural waters (Lal & Stewart, 1994). 

Runoff will only occur when the rate of rainfall exceeds the rate at which water 

can infiltrate into the soil. After the infiltration capacity is satisfied, water begins to fill 

surface depressions. As the depressions are filled o•erland flow of water begins. Water 

builds up on the surface until it is sufficient to result in runoff in equilibrium with the rate 

of rainfall (less evaporation, interception and infiltration) (Schwab, Fnagmeier, Elliot & 

Frevert, 1993). The depth of water building up on the surface is known as surface 

detention. The runoff flow moves into defmej channels where the build up of the water 

is known as channel detention. The volume of water in both surface and channel 

detention is returned to runoff as the runoff rate begins to decrease. Surface water is 

eventually infiltrated or evaporated (Schwab et al, 1993). 

Runoff water originates in sub-catchment areas and will reach a defined drainage 

line by a number of possible means. (The route the water takes is commonly referred to 

as the source area.) Where infiltration is poor overland flow will be dominant with source 

areas easier to define (Cullen, 1983). In areas of deep permeable soils subsurface flow 

may occur. Where some infiltration occurs, a variable source area with combined 

surface and subsurface flow may occur (Cullen, 1983). 

Soil type, condition and source area detennination were essential to the 

extrapolation of runoff water quality results from this study. To address the issue of soil 

characteristics soil samples were taken from each study area to determine infiltration 

rates, and general soil type, to account for runoff water source areas. 

1.4.3 Nutrient movement in runoff 

Research (Ahuja & Lehman, 1983; Ahuja, 1985; Sharpley, 1985) indicates that 

soluble and particulate chemicals may be transferred from the soil to runoff from a depth 

as great as 2.0 ern. However Ahuja (1985, p. 48) states that the degree of mixing 

between soil and rainwater and the chemical transfer decreases exponentially with depth. 

Impervious soils, with poor infiltration are known to have higher chemical transfer to 

runoff rates (Ahuja & Lehman, 1983). 

Most soil and nulricnl movement from non-point sources occurs during very brief 

stortn periods (Rayment & Poplawski, 1992). During such events, a sub-catchment may 
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contribute nearly all of its annual nutrient loads to streams. Such events are commonly 

the first runoff event of the rainfall season. Any attempt at quantifying the nutrient load 

into streams and creeks from diffuse agricultural sources must involve sampling runoff 

during the first high rainfall event. This study has achieved this by sampling the first two 

runoff events of the year by sampling in a remote manner with the placement of runoff 

samplers prior to the first rainfall/ runoff event. This allowed for the sampling of runoff 

during the frrst major rainfall/ runoff event of the season and thus assumed maximum 

concentrations in both nutrient and particulate matter. A second sampling round qualified 

the peak concentrations of the flrst and allowed for an insight into subsequent nutrient 

loading to streams from sub-catchments during subsequent rainfall events of the same 

rainfall season. 

1.4.4 Runoff water quality 

The principal pollutants in runoff have been identified (La! & Stewart, 1994) as 

including sediments, nitrates, phosphates, dissolved organic carbon, and major pesticides. 

(This study was limited to the analysis of the phosphorus and sediment concentrations in 

the runoff water sampled.) 

Both soluble and particulate forms of Phosphorus (P) can be transported in 

runoff. Particulate phosphorus encompasses all solid forms including organic matter 

eroded during runoff, and P sorbed by soil particles. Because P is relatively hnmobile in 

soil, most P lost from agricultural lands primarily is adsorbed to eroded soil transported 

by runoff (Schuman, Spomer & Piest, 1973; Sharpley & Halvorson, 1994). 

Transformation in concentrations of P in runoff water is a common occurrence. The 

amount that reaches a water body is always considerably less than the edge-of-field 

losses (Sharpley & Halvorson, 1994). These transformations are accentuated by the 

transport of sediment in runoff water, and the ability of the sediment to both sorb and 

desorb P. Consequently, the extent of this loss must be considered in assessing the 

hnpact of P transported in runoff as a function of agricultural management (Sharpley & 

Halvorson, 1994). Past studies have measured only soluble P and total P in runoff. 

Sharpley and Halvorson (1994, p. 35) state that the " ... estimation of biologically 

available P transport in runoff is needed to estimate more accurately the impact of 

agricultural land management practices on aquatic systems.'' 
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Amounts of P transported in runoff from uncultivated or pristine land is 

considered the background loading, which cannot be reduced (Sharpley & Halvorson, 

1994). Because the runoff from these areas carries little sediment they are usually 

dominated by the soluble form of P. Phosphorus in natural waters in Australia are 

usually at levels of a few hundredths or tenths of a ~giL (Manahan, 1990). 

In attempting to assess the impact of agricultural management on P loss in runoff, 

little if any information is available on the background losses of P from a given location 

before cultivatiou (Sharpley & Halvorson, 1994). Consequently, quantifying any P loss 

following cultivation is also difficult. Problems are primarily associated with the 

expensive and labour intensive techniques of water quality monitoring studies, which are 

mostly site-specific and impossible to replicate due to the fact that they seldom attempt 

to account for the spatial and temporal variations in edaphic, climatic and topographic 

conditions. A review of past studies (Schuman, et a!, 1973; Omernik cited in Sharpley & 

Halvorson, 1994) enables generalisations about the effect of agricultural practices on P 

transport in runoff. These studies have shown that P loss in runoff increases as the 

proportion of the catchment under native vegetation declines and areas under agricultunl 

land management practices increase. Ryden, Syers and Harris (cited in Sharpley & 

Halvorson, 1994 p. 41) claims that " .... the loss of P from forested land tends to be 

similar to that found in sub-surface or base flow from agricultural land." Naturally 

vegetated areas are considered to conserve P, with P input in rainfall usually exceeding 

outputs in stream flow (Sharpley & Halvorson, 1994). Considering these factors , 

vegetated areas are often utilised as riparian or buffer strips around drainage areas to 

reduce the level of P inputs from agricultural areas. Value then lies in both the retention 

of native vegetation and the strategic placement of rehabilitated vegetation in 

catchments. 

This study has compared the three main land uses of the Bremer River catchment 

in an endeavour to come to a comprehension of the degree and manner of pollutant 

concentrations running off these land use areas. Both particulate and soluble phosphorus 

were studied for in the runoff water samples. Sediment (and its components), as 

acknowledged by the past studies, a potential transport mechanism for phosphorus in 

some areas, was also analysed for in the runoff water samples taken. Defining spatial 

variation within the catchment, w~ing a GIS, creating homogenous zones of physical 
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similarity, attempted to address the factors which had limited past studies. This allowed 

for the extrapolation of results to provide a potential catchment wide impact from the 

current land use practices. Modelling of these extrapolated figures, using a number of 

land management practice ratios, provided an indication into the possible changes in 

pollutant loss in the catchment. By the comparison of land use areas and the 

extrapolation of results on a catchment wide basis, this study has attempted to highllght 

the potential effectiveness of rehabilitation throughout the catchment. 

1.5 Objectives 

A number of research objectives have been generated from the approach taken 

from this study. These objectives are : 

1. To determine the degree of impact from each land management practice. 

2. To determine if variation between the same management practices occurs between 

different zones. 

3. To determine if other factors have an effect on the impact from each zone. 

4. To determine the potential effectiveness of rehabilitated vegetation in the catchment. 

5. To determine the degree to which non-point source pollution could be potentially 

reduced by increasing the area of rehabilitation within the catchment. 
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CHAPTER2 

METHODS 

2.1 Developing the Bremer River catchment GIS 

The initial search for data, with particular reference to the catchment, uncovered 

information defining both the physical and cultural features of the catchment. Most of 

the infonnation uncovered was in hard copy format and located following extensive 

searches of available literature, the Internet, and sources within government agencies. 

The initial interpretation and analysis of the information provided an indication of both 

variation and relationship between the physical and cultural features of the catchment. 

Unfortunately, in a hard copy fonn, these could only really be guessed due to the inability 

to match and combine the hard copies of the information. 

For this reason a GIS for the catchment was considered. The GIS would allow 

further analysis of the physical and cultural attributes of the catchment to uncover 

relationships and interactions between the attributes and aid in defining further research 

potentials. The GIS would also allow further manipulation of the data combining a 

number of data coverages (a GIS data flle containing geographic information on one or 

more, physical or cultural attribute/s covering a defined geographic region ). 

Fmally the GIS was considered as the ouly means by which information gained 

through field research could be successfully extrapolated on a catchment-wide basis. 

2,1.1 Composing the GIS 

The composition of the Bremer River GIS involved extensive research into the 

form (flle format and compatibility with existing GIS programmes) and avallability of 

data. This initially involved consultation with a number of state and federal government 

agencies. It was well known that GIS data coverages were usually expensive and their 

usage restricted to pre-specified purposes. The consultation was successful with the 

agencies providing access to a large number of data coverages with flexible licensing 

arrangements and only minimal costs. Securing the data enhanced the potential scope of 

the project and aided in maintaining low costs. Three main agencies provided the 
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infonnation; Department of Land Administration (DOLA), Agriculture Western 

Australia (AWA), and Water and Rivers Commission. Table 2.1 details the Geographical 

Information Systems data coverages obtained from the various government agencies, the 

ftle format initially obtained and acknowledges licensing agreements made for access to 

the GIS data coverages. 

Table 2,1 

The GIS data coverages and file formats obtained from various government. Acknowledgment is 
made to those agencies that provided GIS files under licensing agreements. 

ENVIRONMENTAL ASPECT 

BIOTIC Remnant Vegetation mid 

SUBSTRATE Soils 

Geology 

Topography 

Drainage 

Catchment Boundary 

Coastline features 

LAND USE Roads and Tracks 

KEY 
AWA 
WRC 
DOLA 
• 

National Park Boundary 

Agriculture Western Auslralia 
Water and Rivers Commission 
Department of Land Administration 
Provided under licensing agreement 

1992 

2.1.2 Choice of Spatiallnfonnation Systems 

FILE FORMAT SOURCE/ 
AGENCY 

Microstation AWA' 

l\1icrostation AWA- Albany 

Microstation WRC- Perth 

Microstation DOLA - Perth * 
Microslation WRC- Perth 

Microstation WO.C- Perth 

Microstation WRC- Perth 

Microstation WRC- Perth 

Microstation WRC- Perth 

Two Spatial Infonnallon systems were used for the purposes of this study, 

Microstation (v95, Bentley systems) and ArcView (2.la, Environmental Systems 

Research Institute {ESRIJ ). Microstation and Arc View were both used because most of 

the data coverages obtained were in Microstation format, but Microstation was limited 

both in its ability to analyse and to provide statistical information on individual digital 

data coverages. Microstation offered easy editing and manipulation of the data coverages 

and the export of data coverages to other Geographical Information Systems. 
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ArcView offered a statistical tool which could be used to easily determine areas 

of locations within the catchment, provided clear and accurate images for analysis and 

fmally provided a series of layout tools suitable for the fmal presentation of images. 

Importing of all Microstation data flies and coverages had to occur via Arclnfo 7 

(ESRI) due to direct compatibility problems between Microstation and Arc View. 

2.1.3 Defining the catchment 

Upon obtaining the GIS data coverages from the source agencies initial 

inspection of the files indicated that most were on the broad geographic scale covering 

Western Australia's south coast. To overcome this problem the data coverages had to be 

customised solely to the Bremer Catchment area. 

The topographic information obtained from the Deparnnent of Land 

Administration (DOLA) was analysed and a catchment boundary was defmed from it. 

The process initially involved the manipulation of the 24 individual topographic data 

coverages in Microstation to fmm a mosaic (a new data coverage). Once created the 

mosaic was further manipulated highlighting 5 metre contour intervals. Using 

Microstation an on-screen analysis and determination of the catchment boundary was 

undertaken. This procedure involved making judgements on the height of the contours 

and spot heights, and the increase and decrease of these values. As a guide the catchment 

boundary obtained from the Water and Rivers Commission was placed on top of the 

topographic mosaic data coverage. A line was digitised, on~screen, between the 

increasing and decreasing values. The accuracy of this method was considered to be 

extremely good due to I metre spot heights and 5 metre contour interval features of this 

new coverage. The fmal step was to export the newly created catchment boundary data 

coverage into Arc View for the accurate detennination of the catchment area. 

Past studies on the Bremer River system had indicated that the catchment size 

was either 695 Ian' (Hodgkin and Clark, 1987) or 716 km' (Hodgkin and Clark 1988). 

Although the methods used to derive these figures were not indicated, the authors 

concluded that estimates made were approximate due to the poorly defmed drainage 

channels of the catchment. Using the analysis tools in Arc View the catchment area was 

determined as being 728 km2. 
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The data coverages obtained from the government agencies were then ediled to 

the catchment boundary in Microstation and exported to ArcView. This procedure 

completed the Bremer River Catchment GIS. 

2.1.4 Defining the Zones 

The study established three zones which were distinguishable from each other 

according to a variety of different physical attributes. This approach would narrow down 

the spatial variability that was evident in the catchment and provide spatial continuity in 

each zone (Kemp, 1993). 

The three zones were defrned by analysing the soils, geology and topographical 

data coverages for spatial variation and associations using the features of both 

Microstation and ArcView, and from associated descriptive literature (Northcote, 

Bettenay, Churchward and McArthur, 1967; Northcote, Hubble, Isbell, Thompson and 

Bettenay, 1975; Thorn and Chin, 1984). In many cases the descriptive literature 

(Northcote et a!, 1967; Thorn and Chin, 1984) were complimentary to the data 

coverages in the GIS. The created catchment boundary was used as a frame and placed 

over the top of the soil, geology and topography coverages in Microstation. Guiding 

lines were separately digitised to identify points of variation. The geology data coverage 

was then placed on top of the soils data coverage and comparisons made between the 

two. Finally the topography data coverage was placed on top of the other two data 

coverages with fmal comparisons made between all three data coverages. Borders were 

digitised between the three zones forming a new data coverage, the zone data coverage 

which was then exported to Arc View. 

Table 2.3 details each environmental attribute and their characteristics in each 

zone. Clear distinctions between zones are apparent in all environmental attributes. 

Figures 2.1 and 2.2 present individual environmental attributes, (from Table 2.3), and 

Figure 2.3 shows the new zone coverage indicating the three spatially distinct zones. 

Additional NON-GIS related infonnation is presented in Table 2.4. This infonnation 

enhances the individual characteristics of each zone. Relationships between 

environmental atLributcs in each zone are apparent and the zones are distinguishable from 

each other. 
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FIGURE 2.1 The major soil groups of the Bremer river catchment. 
(Source Northcote et al. 1967) 
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Jk 11 Shallow sandy soils witlt some Granitic Massils 

Od 8 Hard alkaline red soils with some gnessic rock outcrops. 

Uf 3 Solodized Solonetz and Solodic Soils 

Wd 7 Sandy acidic yellow mottled soils containing ironstone 

gravel. 
1-o,.--:-:---1 

X 16 Sandy neutral yellow mottled soils with leach sands. 

(Source Northcote et al, 1967) 

FIGURE 2. t Legend 
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FIGURE 2.2 The major geological groups of the Bremer river catchment. 
(Source :Thorn and Chin, 1984) 
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S~mbol Descri~tion Egoch 
agg Adamellite amd granodiorite - foliated, Archaean 

granoblastic texture and sparse garnet. 

agl Granite and adamellite - medium to coarse Archaean 

grained, with abundant large phenocrysts 

agv Adamellite - medium to coarse grained, with Archaean 

abundant large phenocrysts 

amf Metamorphosed agmatite Archaean 

czl Duricrust and weathered rock - includes laterite, Cainozoic - Tertiary 

lateritic gravel, silcrete and kaolinized rock 

czs Sandplain - yellow to white sand and clay. Cainozoic - Tertiary 

pbp Gneiss -mainly granitic augen gneiss Proterozoic 

qc Colluvium and minor alluvium Cainozoic - Quaternary 

qpl Calcareous shelly sandstone and grit, equivalent Cainozoic - Quaternary 

Tamala Umestone. 

qrp Clay and sil deposits in brackish claypans and Cainozoic - Quaternary 

swamps 

tp Plantagenet Group : yellow to grey siltstone, silty Cainozoic - Tertiary 

sandstone and spongolite of the Pallinup Siltsto!lc 

water Wellstead Estuary. 

(Source: Thorn & Chin, 1984) 

FIGURE 2.1 Legend 
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FIGURE 2.3 The three defined zones of the Bremer river catchment 
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Table 2.2 

THE THREE ZONES OF THE BREMER RIVER : The defining Environmental Attributes of 
each zone. The defining Environmental Attributes were summarised from GIS data coverages 
and associated descriptive literature. 

Environmental ZONE I ZONE2 ZONE3 
Attribute Lower Bremer Devils Creek UEE!:;r Bremer 
Geology CAINOZOIC (a) ARCHAEAN (a) ARCHAEAN (a) 

Tertiary Marine Granitic Rocks. Granitic Rocks. 

Limestone 

BEDROCK (a): BEDROCK (a): BEDROCK (a): Yilgam 

Pallinup Siltstone Yilgam Block Block 

Soils General Description General Description (b): General Description (b): 

(b): Humic soils Yellow podsolic soils Solodized solonetz and 

Soil Type (c) X 16 Soil Type (c) Wd 7- solodic soils. 

chief soils sandy chief soils on the plains Soil Type (c) Uf3-

neutral yellow are sandy acidic yellow chief soils are hard neutral 

mottled soils with mottled soils containing yellow mottled soils 

leached sands. ironstone, laterite or containing ironstone 

gravel. gravels in their surface 

horizons on the flat to 

gently undulating ridge 

crests. 

Topography rd Plains with many (c) Flat to gently (c) Dissected plateau at 

J_:~.ts. undulating plain or low elevation having an 

plateau at low elevation undulating to rolling Iidge 

with few f!&.ts. and slope relief with some 

steep bluffs adjacent to 

drainage-ways ; some 

swamps 

SOURCES 
(a)= Geological Survey of Western Australia, 1984; (b)= Northcotc, et al 1975; 
(c)=Northcotcetal, 1967; 
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Table 2.3 

TilE THREE ZONES OF TilE BREMER RIVER : The defining Environmental Attributes of 
each zone. The defining Environmental Attributes were :summarised from additional descriptive 
literature. 

ENVIRONMENTAL ZONE I ZONE2 ZONE3 
ATTRIBUTE Lower Bremer :)evils Creek Upper Bremer 

RAINFALL: (Average 437 mm (a) 444 mm (b) 410 mm (c) 
annual) 

LAND SYSTEMS (d) 10 = Jona Conack LG= Lower UG=Upper 
(general area) Gairdner Gairdner 

AVERAGE DEPTH 28.50m 16.50m 8.69 m 
TOBEDROCK (e) 

AVERAGE DEPTH 11.7 m 5.71 m 2.41 m 
TO GROUND-WATER 
TABLE (e) 

AVERAGE 3216 mS/m 2847 mS/m 1624 mS/m 
CONDUCTIVITY OF 
GROUNDWATER (e) 

AVERAGE TOTAL not available 1983 tonnes per 973 tonnes per 
SALT STORAGE (e) hectare hectare 

GENERAL SALINITY Low Salinity hazard High Salinity hazard Medium salinity 
RISK RATING (f) rating rating. hazard rating. 

SOURCE (a) R. Williams Meechi Road Galrdner, Rainfall records 1982- 1995. (b) Gairdner 
Gra1Jng Company, Devils Creek Road, Gairdner, Rainfall records 1959- 1995. (c) Jerramungup 
weather station, Jcrramungup. Rainfall records 1895- 1995. (d) Agriculture Western Australia. 
(e) Martin, 1992. (f) Ferdowsian, McFarlane and Ryder, 1994. 

2.1.5 The statistics extracted from the GIS 

A number of statistical calculations were undertaken using the catchment boundary data 

coverage and zone data coverage and the query tool in ArcView. These figures are 

indicated in Table 2.4. 

23 



-
Table 2.4 

The results from the ArcView statistical analysis of the zone and catchment boundary data 
coverages. Figures indicate the area estimates for each zone and the catchment 

CHARACTERISTIC DATA COVERAGE USED MEASUREMENT 

Total area Zone l Zone data coverage 28,677 hectares 

Total area Zone 2 Zone data coverage 10,994 hectares 

Total area Zone 3 Zone data coverage 33,152 hectares 

Total area of Catchment Catchment boundary data coverage 72,824 hectares 

2.1.6 Errors in data conversions 

Despite the growing role of data standards, the major issue of incompatibility 

arises when sharing data coverages from various government organisations and when 

transferring the data between GIS systems (Evans, 1994). The quality and accuracy of 

the data obtained from various government agencies is assumed to be of the highest 

level. The issue of incompatibility therefore is faced when transferring data between GIS 

systems. The problem lies in the syntactic orgartisation of the data coverages in one GIS 

and the semantic interpretation of the data between GIS systems (Evans, 1994). Some 

loss or discrepancies, of information, when converting between GIS systems does occur, 

not from a lack of co-ordination " ... but from legitimate differences in the information 

requirements" (Evans, 1994, p. 206) of the individual GIS systems. 

Often this loss of information goes unnoticed and may cause error in the future 

use of the data coverage in other geographical information systems. In the case of the 

1992 remnant vegetation data coverage some information was lost between the 

conversion from Microstation ftle format (dgn) to the ArcNiew ftle format. Titis was 

only apparent when viewing the on-screen image of the coverage on each system. To 

correct this problem two procedures were considered. These were to either re-digitise 

the coverage in Arc/Info or to introduce an error factor. To re-digitise lost information 

in Arc/Info would have been a timely and possibly erroneous process. Errors may have 

occurred due to the fact that il was extremely difficult to quantify the degree of 

information lost. The introduction of an error factor was not supported by any literature 

source. Unfortunately this study has been unable to find a solution to rectify this 

problem. This matter has been highlighted to indicate a potential source of error in using 
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the statistical figures from the 1992 remnant vegetation data coverage for future 

modelling extrapolation. 

2. 1.7 Defining Remnant Vegetation area 

Using ArcNiew the 1992 remnant vegetation data coverage was placed upon the 

zone data coverage, then using the query tool of this program the total area in each zone 

under remnant vegetation was determined. The zone data coverage was replaced by the 

catchment boundary data coverage to detennine the total area of remnant vegetation in 

the catchment. The results of these calculations appear in Table 2.5. 

Table 2.5 also indicates the area of remaining land (other land uses) in each 

zone, and catchment. This infonnation was obtained for the extrapolation and modelling 

of field research data on a catchment wide basis. 

Table 2.5 

The total areas of remnant vegetation and remaining land (other land uses). Percentage figures 
have been used to give an indication of the relationship between remnant vegetation and the other 
land uses. 

Zone I 

Zone 2 

Zone 3 

Catchment 

Total area of 
Remnant 
Vegetation (ha.) 

12839 

!452 

3700 

17991 

%of 
Zone 

44.8% 

13.2% 

11.2% 

24.7% 

Total area of 
remaining land. 
(other land uses) 

25 

15838 

9542 

29452 

54833 

%of 
Zone. 

55.2% 

86.8% 

88.8% 

75.3% 

Total Area. 
(ha.) 

28,677 

10,994 

33,!52 

72,824 



-
2.2 LAND USE AREAS 

For the purposes of this study the following common land management practices were 

studied: 

I. Minimum I Zero Tillage. 

2. Vegetated Rehabilitation. 

3. Native Remnant Vegetation (Remnant Vegetation). 

2,2.1 Remnant Vegetation 

Remnant Vegetation was defmed by this study as being an area of land, larger 

than 1 hectare in size, with a dominance of native vegetation, in the under, mid and upper 

storeys, with the total exclusion of stock from these areas for at least 4 years. 

Remnant Vegetation was considered a land use practice due to the fact that a 

land management decision had resulted in its existence. Most remnants (greater than 1 

hectare in size) on agricultural land within the catchment are the result of either the 

presence of poison bush (Gastro/obittm spp.) within the remnant, proximity to drainage 

lines (riparian strips) or known saline areas (areas of ground-water discharge). Selecting 

areas of Remnant Vegetation in the catchment was difficult The criteria for the selection 

of these areas were : 

a. All areas selected had to be fenced off from stock (stock exclusion) so that the 

chosen area would represent a natural area of native vegetation . 

b. The past history of disturbance in the area had to be identified. 

c. The remnants selected had to be representative of other remnants in their respective 

zone with similar slope and soil type. 

d. Remnant areas chosen had to be similar, in terms of soil type and slope, to the other 

land management practice sampling areas, in their respective zone, to allow for 

comparisons between areas. 

2.2.2 Vegetated Rehabilitation 

An area of Vegetated Rehabilitation was defined by this study as being an area of 

land, previously under, or effected by, agricultural production which had been 

extensively rehabilitated by the planting of various fonns of perennial. deep rooted, flora 
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endemic or exotic to Australia to either counter-act or prevent land degradation 

problems (ie. salinisation of the soil, wind erosion and water erosion). 

The land management practice of Vegetated Rehabilitation is clearly apparent 

throughout most of the catchment. Unfortunately, for the purposes of this study, its 

forms are wide and varied. Agro-forestry, shelter belts, replanted low lying areas and 

replanted drainage lines, are but some forms of vegetated rehabilitation in the catchment. 

At present, apart from agro-forestry, rehabilitated areas are taken out of agricultural 

production, and therefore incur short-term negative cost to the land owner in initial 

capital outlay but may be considered to boost land production as they reduce or reverse 

land degradation. 

Selecting areas of Vegetated Rehabilitation with similar land management 

characteristics was difficult. It was recognised that in order to compare runoff results 

between rehabilitated vegetation in all three zones, the areas selected should have used 

the same vegetated rehabilitation practice (ie all three areas Agro-forestry), be all the 

similar age, and a similar size. Vegetated Rehabilitation is more of a site specific type 

practice in the Bremer catchment with no wide-spread confmmity, in technique, between 

fann locations. 

The selection criteria for the category of Vegetated Rehabilitation was therefore 

restricted to areas of similar soil type and slope to the other land management practices 

in the zone to ensure appropriate comparisoris. 

2,2.3 Minimum I Zero Tillage. 

Minimum I zero tillage can be defined as the cultivation for weed control and/or 

preparation of a seed bed, whilst maximising stubble cover of the soil, and minimising 

soil disturbance (Carter, 1994). In the catchment individual paddocks on fanm locations 

are commonly rotated on a 3 : 2 year production rotation (ie. 3 year pasture : 2 years 

crop). Fertilisers arc applied during the years of cropping, with canola, lupins and barley 

the most common crop. The two most commonly adopted land cultivation practices in 

the catchment arc either minimum or zero tillage, with both being seen as a fonn of 

conservation tillage. Most tillage occurs between 7 to 21 days of the bre&.k. of season 

(first winter rain greater than 10 mm). 
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Fertiliser quantity, type and methods of application vary greatly throughout the 

catchment. Most farms are under different fertiliser regimes, with some soil testing prior 

to application. Fertiliser application varies greatly between land owners and within farms. 

As the period of sampling coincided with the break of the season, the cultivation 

of a number of paddocks restricled access to these areas. As the tilling of the paddock 

would result in wide-spread soil disturbance, detrimental to runoff scars and soil stability, 

paddocks that had just recently (ie. in 1995) been cropped, therefore in their flrst year of 

pasture, were chosen as potentially suitable as sampling areas. 

The criteria for the selection of Minimum I Zero Tillage sampling areas also included : 

a. Identifying the past fertiliser application history. 

b. The areas selected had to be representative of other minimum I zero tillage areas in 

their respective zone with similar slope and soil type. 

c. The areas chosen had to be similar, in soil type and slope, to the other land 

management practice areas, in their respective zone, to allow for comparisons. 

d. The potential absence of livestock during the sampling period, minimising soil 

disturbance and potential interference with runoff water quality and runoff collector 

set up. 

2.3 The Sampling Areas 

Although a total of 57 land owners have land, partially or totally, within the 

catchment the best manner in which to set up a manageable sampling regime was to 

choose one land location I owner in each zone and to locate sampling areas and replicate 

sites within these locations. 

By selecting a single farm location in each zone site specific infonnation was 

easily obtained, rainfall records and updates were easier to obtain and calculate, and 

distances travelled were kept to budget. 

2.:i.l Slope measurements and locations of sampling areas 

Upon selection all sampling sites were thoroughly surveyed to ensure that they 

represented areas typical of the zone. Slope measurements (in degrees), using a 

dinomctcr, and general GPS locations. using a Magellan GPS (Global Position System), 
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were measured. Table 2.6 below indicates the measured slope and GPS location for each 

of the sampling areas. 

Table 2,6 

The slope and GPS location for each of the sampling areaS selected. 

Zone Land use sampling area. Slope measurement GPS Location. 
I Remnant Vegetation 14 ° 50 H 0700727 UTM 6209926 

1 Vegetated Rehabilitation 90 SOH 0700884 UTM 6211026 

Minimum I Zero Tillage 70 SOH 0699672 UTM 6209816 

2 Remnant Vegetation 12 ° 50 H 0690211 UTM 6210161 

2 Vegetated Rehabilitation 8 0 SOH 0691903 UTM 6209235 

2 Minimwn I Zero Tillage 5 0- 8 0 SOH 0687219 UTM 6229442 

3 Remnant Vegetation 70 SOH 0686669 UTM 6228099 

3 Vegetated Rehabilitation 70 SOH 0687351 UTM 6228330 

3 Minimum I Zero Tillage 60 50 H 0687219 UTM 6229442 

2.4. Sampling Areas Zone 1 : Lower Bremer 

Kent Location 1874, 626 hectares in area, has been farmed by Mr Ross Williams 

since the early 1970's. 

Figure 2.4 indicates the location of the sampling sites on Location 1874 in 

relation to the catchment, zones and other sampling sites and Figure 2.5 shows Location 

1874 and the three sampling areas on this property. 
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FIGlJRE2.4 
catchment 

The location of all runoff' sampling sites, in each zone, in the Bremer River 
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FIGURE 2.5 The location of the runoff sampling sites on Location 1874 
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